National Institute for Health and Care
Excellence

Perioperative care in adults

[N1] Evidence reviews for managing acute
postoperative pain

NICE guideline NG180

Evidence reviews underpinning recommendations 1.6.1 to
1.6.13 in the NICE guideline

August 2020

Final

This evidence review was developed by the
National Guideline Centre







Perioperative care: FINAL

Disclaimer

The recommendations in this guideline represent the view of NICE, arrived at after careful
consideration of the evidence available. When exercising their judgement, professionals are
expected to take this guideline fully into account, alongside the individual needs, preferences
and values of their patients or service users. The recommendations in this guideline are not
mandatory and the guideline does not override the responsibility of healthcare professionals
to make decisions appropriate to the circumstances of the individual patient, in consultation
with the patient and, where appropriate, their carer or guardian.

Local commissioners and providers have a responsibility to enable the guideline to be
applied when individual health professionals and their patients or service users wish to use it.
They should do so in the context of local and national priorities for funding and developing
services, and in light of their duties to have due regard to the need to eliminate unlawful
discrimination, to advance equality of opportunity and to reduce health inequalities. Nothing
in this guideline should be interpreted in a way that would be inconsistent with compliance
with those duties.

NICE guidelines cover health and care in England. Decisions on how they apply in other UK
countries are made by ministers in the Welsh Government, Scottish Government, and
Northern Ireland Executive. All NICE guidance is subject to regular review and may be
updated or withdrawn.

Copyright
© NICE 2020. All rights reserved. Subject to Notice of rights.

ISBN: 978-1-4731-3827-8


http://wales.gov.uk/
http://www.scotland.gov.uk/
http://www.northernireland.gov.uk/
https://www.nice.org.uk/terms-and-conditions#notice-of-rights

Perioperative care: FINAL

Contents
Contents
INTFOAUCTION oo 8
1 Simple AnalgesiCsS:Paracetamol ..........ciiiiiiiiiiiiiiiee e 9
1.1 Review question 1. What is the clinical and cost effectiveness of IV
paracetamol compared to oral paracetamol given post operatively in managing
ACULe POSTOPETALIVE PAINT .. .uviiiiiiieii ittt e et e e e e e e e e 9
S (O I = ] [ PRERRR 9
1.3 CliNICAl EVIOENCE ...ttt e e e e e e e e e s et ae e e e e e e e e s annnes 9
I 200 A [ o 180 1= 1RS] (1 T [T 9
1.3.2 EXCIUAEA STUTIES ..ottt a e 10
1.3.3 Summary of clinical studies included in the evidence review..................... 11
1.3.4 Quality assessment of clinical studies included in the evidence review.....14
I oo T o o T [l NV T [T Lo = 18
1.4.1 INCIUDEd STUAIES ....cooeiiiiiiieiiiee et e e e e 18
1.4.2 EXCIUEA STUIES ....uuieieiiii s nnseennsnnnnnn 18
L1.4.3  UNIECOSES .o nnnenes 18
IS AV o [T o Tt Ty r= (=T 1 0= ] 19
1.5.1 Clinical evidence StatementS. ..... ... 19
1.5.2 Health economic evidence StatemMEeNtS...........cccccuuuueeuuinmmiinniieneennannns 20
1.6 Review question 2;: What is the clinical and cost effectiveness of IV
paracetamol given intraoperatively in managing acute post-operative pain? ........ 21
R A [ I = o] = 21
1.8 CliNICAl EVIHENCE ..ottt ettt e e e e e e s et eeeeeeeeeaanns 21
1.8.1 INCIUAEA STUAIES .....uuiiieiiii e eeensannnnnes 21
1.8.2 EXCIUAE STUTIES .....euiieii e 21
1.8.3 Summary of clinical studies included in the evidence review..................... 22
1.8.4 Quality assessment of clinical studies included in the evidence review.....24
I I =T oTo T o0 0T [l AV o [T o Lo = 27
1.9.1 INClUAEA STUAIES .....uiiiii e 27
1.9.2 EXCIUAE STUTIES ....uuuuieiiiii s nnessnnsennnnnns 27
1.9.3  UNIE COSES ..uuuiiiiii e 27
1.10 EVIAENCEe STAtEMENLS ......uuiiiiiiieiiiiiiiiiie et e e e e e st eee e e e e e e e aans 28
1.10.1 Clinical evidence StatemMENTS. ... . ... eeeeeeeennes 28
1.10.2 Health economic evidence StatementsS...........cccuuvveeeiieeeiiiiiiiiieee e 28
2 Simple anlagesics: Non-steroidal anti-inflammatory drugs (NSAIDS)...........cc.u.... 29
2.1 Methods approach ... 29
2.2 Review question 1: What is the clinical and cost effectiveness of NSAIDs for
managing acute postoperative PaiN? .........ccoovviieei i 29
2.3 PICO TADIE ... s 29
2.4 ClNICAl BVIENCE ... 30



Perioperative care: FINAL

Contents
2.4.1 Included StUAIES ......cccoei e, 30
2.4.2 Summary of the Cochrane reviews included in the evidence review ........ 32
2.4.3 Quality assessment of the Cochrane reviews included in the evidence
FEVIBW ... ittt e et e e e e ettt e e e e e e e e e et e e e e e e e e e aa bt e e e aeeeaerrraas 33
b2 T =ToTo] aTo] ¢ o1 {od =3 T 1= o o = 46
2.5.1 INCIUAE STUAIES ...vvveiiii e eeeeanaes 46
A YA = o 11 o [=To Y (8 o | =T 46
2.5.3  UNIECOSES ..ot e et e e e e e e e e e bbb e e e e e e eeanae 46
2.6 EVIAENCE STAtEMENTS ......ccoiiiiiiiii e e e e e e 47
2.6.1 Clinical evidence Statements.............cceeeee e, a7
2.6.2 Health economic evidence statements...........ccccoe e 47
2.7 Review question 2: Which is the most clinical and cost effective intervention
within the class of NSAIDs for managing acute postoperative pain?..................... 48
2.8 PICOHADIE . 48
2.9 ClNICAl BVIOENCE ....ovvii it e e et e e e e e e e e e et e e e e 48
22N T R | T [ T [T o IS (8 T L= 49
2.9.2 EXCIUAE STUAIES ..vvuuiiii et eeeeaeans 49
2.9.3 Summary of clinical studies included in the evidence review..................... 50
2.9.4 Quality assessment of clinical studies included in the evidence review.....73
b KO I =ToTo] aTo] g 1[N =1 T [=T o o = 84
2.11 Evidence StatemeENtS .....ccoooeiiiii i 84
2.11.1 Clinical evidence StatemMENtS.........ccoiiiiiiiiii e e eeeeanens 84
B OPIOI 90
3.1 Review question 1: What is the clinical and cost effectiveness of IV opioid
compared to oral opioid given post operatively in managing acute post-
o] o<1 = 1 1)Y= o= U o PP 90
3.2 PICOHADIE 90
3.3 Clinical BVIAENCE ......ccco i 90
G T T0 A [ T[0T =T I3 (U T [T R 90
3.3.2 EXCIUdEd STUAIES ......ccceiiieiiiiie e e 90
3.3.3 Summary of clinical studies included in the evidence review..................... 91
3.3.4 Quality assessment of clinical studies included in the evidence review.....95
3.4 ECONOMUC BVIAENCE . ..uuii ittt e e et e e e e e e e e ar b 100
20 o I [ T[0T =T I3 (T [T 100
3.4.2 EXCIUAEd STUAIES ...ttt 100
I B T U o) o 0 1] £~ P 100
AV To [T o Lot e= 1 (=] 0 4= ] £ PP 101
3.4.4 Clinical evidence StatemMeNtS..........couiiiiiiieeiiieeiee e 101
3.4.5 Health economic evidence statements...........ccccceeeevieeevieeiiiiin e, 102
3.5 Review question 2: What is the most clinically and cost effective opioid

admINIStration SIrAtEOY?......oviiieeieiei e 103



Perioperative care: FINAL

Contents
3.6 PICO tADIE ... 103
T A O 1] 1 Tor= 1R = )Y o (= o o = 103
3.7.1 Included StUAIES ......ccovvviieiiiiie 103
T A (e [0 [T B (0 Lo L= 103
3.7.3 Summary of clinical studies included in the evidence review................... 104

3.7.4 Quality assessment of clinical studies included in the evidence review...120

3.8 ECONOMIC @VIABNCE.... oo i 130
3.8.1 INCluded StUAIES ......covveeiiiiiieeee e 130
3.8.2 EXcluded StUdIES .......ccovviiiiiiiii 130
3.8.3 UNILCOSES i 130
3.9  EVIdence StatemeNntS ......coooeiiiiii e 131
3.9.1 Clinical evidence StatemMentS............ccovvviiiiiiiiiiiiie e 131
3.9.2 Health economic evidence statements...........cccccvvviiiiiiii 134
4 INtravenOuUS KELAMINME . .ccoiiiiiiiiiieeee ettt e e e s e e e e e e s e s e e e aaeeeas 135
4.1 Review question: What is the clinical and cost effectiveness of adding IV
ketamine to IV opioids in managing acute post-operative pain?...............cccceeees 135
4.2 PICOADIE oo 135
4.3  Clinical VIAENCE .......ccoeiiiiieeie e 135
o T R 1 (od (W T =T Y (o 1 RPN 135
O T (o] [ o [T IS (Lo =PRI 135
4.3.3 Summary of clinical studies included in the evidence review................... 136
4.3.4 Quality assessment of clinical studies included in the evidence review...216
4.4 ECONOMIC BVIHENCE .. ..uuiiiiieeei ittt e e e e st et e e e e e et e e e e e e e e s bt aeeeeeeeeeeaannes 248
o R 1 (od (W T =T ] 1o 1 PRI 248
4.4.2 EXCIUAE STUAIES ...ttt ettt 248
e T | o1 o 0 1= PPN 248
4.4.4 Other CalCUIAtIONS. .......uuuiiiiieeeiiiiiieie e 248
4.5 EVIENCE SAEMENLS ....cooiiiiiiiieiiieee et 249
4.5.1 Clinical evidence StatemMEeNtS...........ccueiieeiiiiiiiiiiiiee e 249
4.5.2 Health economic evidence StatemMentS.............uuuvvrrvieervirereerrrerreene. 252
5 Neuropathic nerve stabiliSErs ... 253
5.1 Review question: What is the clinical and cost effectiveness of neuropathic
nerve stabilisers in managing acute post-operative pain? .........ccccccouvvcvvvereeeeeenn. 253
5.2 PICOtADIE ... 253
5.3 ClNICAl BVIENCE ... 253
5.3.1  INCIUAEA SEUGIES ....evveeiiiieeeeieiteeeee ettt 253
5.3.2 EXClUdEd STUAIES .....coeeeviiiiiiiiie e 254
5.3.3 Summary of clinical studies included in the evidence review................... 255
5.3.4 Quality assessment of clinical studies included in the evidence review...303
5.4 ECONOMIC @VIABNCE.....cco e 318
5.4.1 INCIUAEA STUTIES .....vviiiiiieeeeiiitiee ittt 318



Perioperative care: FINAL

Contents
5.4.2 EXCIUE STUAIES .....evviiiiieiiiiiiiieieeee et 318
5.4.3 Ut COSES oiiiiiiiiiiiieieeeeee 318
5.5 EVIENCE StAEMENTS ...ccoeiiiiiiiiiiiiie et e e e e 319
5.5.1 Clinical evidence StatemMentsS............coovvviiiiiiiiiiiiiiee e 319
5.5.2 Health economic evidence statements..........ccccccevvviiiiiiieiieeeiiiiiieeeeee e, 325
6 The committee’s discussion of the evidene................cooooiiiiiiii 326
6.1 Interpreting the EVIAENCE .........uuiii i e 326
6.1.1 The outcomes that matter MOSt............cooeeeiiiii i, 326
6.1.2 The quality of the eVIdENCE .......cccooei i e 326
6.1.3 Benefitsand harms ..., 327
6.2 Cost effectiveness and reSOUICE USE.......ccoeeeeeiiieiieeee e 334
6.3 Other factors the committee took into account ..............ccoeeeee e, 337



Perioperative care: FINAL
Introduction

Introduction

Treating post-surgical pain (PSP) has been an established part of perioperative care for
decades. PSP management was initially driven by the humanitarian imperative to alleviate
suffering, however subsequently additional benefits of effective pain relief were highlighted in
attenuating the stress response to surgery and facilitating early mobilisation. Consequently,
high quality analgesia has become the cornerstone of modern anaesthetic and surgical
practice. Up until the mid-1990’s post-operative analgesia was unimodal, and was limited in
the main to on demand/ as required administration of intramuscular opioids. Patient Controlled
Analgesia (PCA) and epidural analgesia were available for the more major procedures.

In the last few years the concept of administering sufficient analgesia using a multimodal
approach to promote the restoration of function ‘DrEaMing’ (Drinking, Eating and Mobilising)
has gained traction. DrEaMing is now one of the 5 Perioperative Quality Improvement
Programmes (PQIP) Priorities.

Many preoperative, intraoperative, and postoperative interventions and management
strategies are available for managing pain and these need to be tailored to the individual based
on factors such as previous pain history, comorbidities, type of surgical procedure and the
expected level of pain.

Despite these insights, there remains compelling evidence that pain following surgery is often
poorly managed, with up to 40% of patients reporting severe pain that negatively impacts on
their recovery. Poorly controlled PSP is also a risk factor for persistent post-surgical pain
(PPSP). PPSP effects 5-60% of patients after all types of surgery and can be a severe and
debilitating entity. Furthermore, a carefully implemented pain management plan is important
if persistent post-operative pain medication use it to be avoid. This report looks at the evidence
for the most clinically and cost-effective strategies for managing acute post-operative pain,
evaluating the role or delivery of simple analgesics, opioids, ketamine and neuropathic nerve
stabilisers across eight reviews. Due to the wide range of pharmacological interventions
available we have concentrated on those where there is a variation in current practice and/or
where the is uncertainy regarding the benefits and harms.

© NICE 2020. All rights reserved. Subject to Notice of rights.
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1 Simple Analgesics:Paracetamol

1.1 Review question 1. What is the clinical and cost
effectiveness of IV paracetamol compared to oral
paracetamol given post operatively in managing acute
postoperative pain?

1.2 PICO table

For full details see the review protocol in appendices.

Table 1: PICO characteristics of review question
Adults (18 years and older) who have undergone surgery.
e |V paracetamol
e Oral paracetamol
CRITICAL.:
e health-related quality of life
e pain reduction
o <6 hours post op
o > 6 hours- 24 hours post op
¢ amount of additional medication use
o <6 hours post op
o > 6 hours- 24 hours post op
e adverse events ( including respiratory depression, nausea, vomiting)
IMPORTANT:
e psychological distress and mental well-being
e symptom scores
o functional measures
e length of stay in intensive care
e length of stay in hospital
e hospital readmission

Randomised controlled trials and systematic reviews of randomised controlled
trials.

1.3 Clinical evidence

1.3.1 Included studies

Six randomised controlled trials were included in the review;%5 % 151,171,187, 188 these are
summarised in table 2 below. Evidence from these studies is summarised in the clinical
evidence summary below (Table 3 and Table 4).

See appendices for the study selection flow chart, study evidence tables, forest plots and
GRADE tables.

© NICE 2020. All rights reserved. Subject to Notice of rights.
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1.3.2 Excluded studies

See the excluded studies list in appendices.

© NICE 2020. All rights reserved. Subject to Notice of rights.
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1.3.3 Summary of clinical studies included in the evidence review

Table 2: Summary of studies included in the evidence review

Study
Fenlon 2013

Jarde 1997

Moller 2005151

Intervention and comparison

IV 1g paracetamol. (Perfalgan
™) plus oral placebo

N=65

Oral 1g paracetamol plus IV
placebo).

N=65

IV propacetamol 2g [=
paracetamol (PA) 1g]

N=108

Oral paracetamol 1g
N=106

2 g propacetamol (2-min i.v.
bolus injection)

N=50

29 propacetamol (15 min i.v.
infusion)
N=50

Population

Patients aged 18—65
undergoing at least one
lower third molar extraction
under general anaesthesia
as a day case.

Mean age years (range)
1V:18.7-54.4
Oral: 18.1-57.7

Patients undergoing a hallux
valgus plasty performed with
local anaesthesia.

Mean age (SD)
IV: 52.2 (13)
Oral: 51.7 (14.5)

France

Inpatients aged > 18-50
years undergoing removal of
an impacted mandibular third
molar (and ipsilateral
maxillary third molar if
indicated) under
standardized local
anaesthesia and with
moderate to severe pain

Outcomes

Satisfactory pain relief
at 1 hour

Pain score at 1 hour

Rescue medication at 1
hour

Time to rescue
medication

Pain score <6 hours

Time to rescue
medication

Adverse events
o Vomiting
o Nausea

Time to maximum pain
relief
Adverse events

o Patients with <
1 adverse
events

o hausea

Comments

Oral paracetamol given before
induction of anaesthesia and IV
paracetamol given
intraoperatively after induction of
anaesthesia

Rescue medication- 50 mg i.v.
diclofenac

Rescue analgesia- ibuprofen
600mg orally

|oweladesed:saisabieuy ajdwis
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Study

O’Neal 20177

Intervention and comparison
oral acetaminophen 1 g
N=50

1 g IV acetaminophen and oral
placebo

N=57

1 g oral acetaminophen

and volume-matched IV normal
saline (100 ml).

N=58

Population

(assessed on a four-point
scale) within 4 hours of

surgery.

Mean age years (range):

IV bolus group: 25.6 (20-42)
IV infusion group: 24.2 (18-
39)

Oral group: 23.8 (19-36)

Denmark

Patients aged > 18 years
undergoing unilateral

Total Knee Arthroplasty
under spinal anaesthesia

Mean age years (SD):
IV group: 68 (8.3)
Oral group: 67 (9.0)

USA

Outcomes

e Pain score in Post
Anaesthesia Care Unit
o <6 hours post
op

e Rescue medication: total
opiate consumption (IV
hydromorphone
equivalents )

o <6 hours post
op

o >6 hours- 24
hours post op

Comments

Adjunct to multimodal analgesia
regimen:

The standard preoperative pain
medication regimen included
doses of celecoxib and
OxyContin. Intraoperatively, all
patients received a pericapsular
injection of 300 mg ropivacaine,
30 mg ketorolac, 0.08 mg
clonidine, and 1 mg epinephrine
in a total volume of 100 cc of
0.9% sodium chloride 0.9% into
the knee joint. In addition, a
majority of patients received IV
dexamethasone (4-10

mg) intraoperatively at the
discretion of the in-room
anesthesia provider before
surgical incision.

Three arm trial including placebo
arm

|oweladesed:saisabieuy ajdwis
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Study

Plunkett 201787

Politi 2017188

Intervention and comparison

2x1,000 mg IV acetaminophen
and an oral placebo

2x 1,000 mg oral
acetaminophen and IV saline.

IV 1g acetaminophen
preoperatively and every 6
hours post operatively for 2
hours

N=63

Oral 1g acetaminophen
preoperatively and then
postoperatively every 6 hours

N=57

See appendices for full evidence tables.

Population

Adults (age > 18 years)
active undergoing a
laparoscopic
cholecystectomy

ASA [-111

USA

All patients undergoing
primary hip or knee
arthroplasty.

USA

Outcomes

e Painintensity over 24
hours

e Pain scores < 4 over 24
hours

e Additional medication:
total opiate consumption
(oral morphine
equivalents)

e Pain scores at:
o 4 hours
o 24 hours

e Amount of additional
medication
(hydromorphine
equivalents):

o 4 hours
o 24 hours

Comments

The standard regimen was
analgesia (fentanyl and/or
hydromorphone) intraoperatively.
Postoperative hausea and
vomiting prophylaxis with
dexamethasone, ondansetron, or
both. On discharge, patients
were prescribed non
acetaminophen -containing oral
analgesics.

The standard regimen included
preoperative Celebrex 400mg,
oxycontin 10 mg, and anti-nausea
medication. Intraoperatively,
patients received decadron 10
mg, tranexamic acid 10 mg/kg,
injection of 0.25% bupivacaine,
with epinephrine into the
retinaculum and/or arthrotomy
repair site. Immediately
postoperatively, 1V dilaudid g2hr
prn, oxycodone 5 mg prn,
oxycontin 10mg q12x2 doses, a
second dose of decadron 10 mg
at 24 hours,Celebrex 200 mg
daily and anti-nausea medication.
Patients were discharged on
percocet 5/325 mg prn and
meloxicam 7.5 mg daily.

|oweladesed:soisabieuy ajdwis
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1.3.4 Quality assessment of clinical studies included in the evidence review

Table 3: Clinical evidence summary: IV paracetamol versus oral paracetamol for acute post-operative pain

Pain score at <6 hours 363 CloISIS) The mean pain score at 6 The mean pain score <6 hours in the
Lower score is better (3 LOW1 hours in the control intervention groups was
studies) due to risk of bias groups was 0.93 lower
511 (2.27 to 0.59 lower)
Pain score < 4 over 24 hours 67 PPpOeo RR 1.16  Moderate
(1study) LOW2 o (0.72t0 471 per 1000 75 more per 1000
due to imprecision  1.86) (from 132 fewer to 405 more)
Pain score at 24 hours 120 POOO The mean pain score at The mean pain score 24 hours in the
Lower score is better (1 study) VERY LOWL1,2 24 hours in the control intervention groups was
due to risk of bias, groups was 0.76 lower
imprecision 3.34 (.69 lower to 0.17 higher)
Summed pain intensity at 6 hours 214 SICICSIS) The mean pain intensity The mean pain intensity at 6 hours
(SPID6) (1 study) VERY LOW1,2 at 24 hours (spid6) in the  (spid6) in the intervention groups was
Higher score is better due to risk of bias, control groups was 110.38 higher
imprecision -153.57 (6.21 to 214.55 higher)
Summed pain intensity at 24 hours 67 eIl Result given as mean The mean pain intensity at 24 hours
(SPID24) (1 study) LOW?2 difference. (spid24) in the intervention groups was
Higher score is better due to imprecision 5.73 higher
(12.54 lower to 24 higher)
Satisfactory pain relief at 1 hour 128 BICISIS) RR 1.1 Moderate
(1study) VERYLOW123  (0.6102) 538 per1000 24 more per 1000

Requesting rescue medication

due to risk of bias,
indirectness,
imprecision

Moderate

(from 95 fewer to 238 more)

[owelaoeied:saisabjeuy ajdwis
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128 SIeISIS) RR 0.52 277 per 1000 133 fewer per 1000
(1 study) LOW1,2 (0.25to (from 208 fewer to 17 more)
due to risk of bias, 1.06)
imprecision
Total opiate consumption (OME24) 67 PPHOo Result given as mean The mean total opiate consumption
Lower score is better (1 study) LOW?2 difference. (ome24) in the intervention groups was
due to imprecision 11.33 lower
(44.28 lower to 21.62 higher)
Opiate consumption 235 SlsISlS) The mean opiate The mean opiate consumption
(hydromorphine equivalents) <6 (2 LOW1 consumption in the (hydromorpine equivalents) <6 hours in
hours studies) due to risk of bias control group was the intervention groups was
Lower score is better 0.61 0.06 lower
(0.22 lower to 0.1 higher)
Opiate consumption 235 CIeISIS) The mean opiate The mean opiate consumption
(hydromorphine equivalents) 6-24 (2 LOW1 consumption in the (hydromorphine equivalents) 6-24 hours
hours studies) due to risk of bias control group was in the intervention groups was
Lower score is better 0.79 0.01 higher
(0.09 lower to 0.12 higher)
Number of participants with adverse 100 bHOO RR 1.81 Moderate
events (Infusion paracetamol) (1 study) LOW1 . . (.26 to 420 per 1000 340 more per 1000
due to risk of bias ~ 2.6) (from 109 more to 672 more)
Number of participants with adverse 100 bHOO RR 2.33 Moderate
events (bolus IV paracetamol) (1 study) LOW1 _ _ (1.68t0 4o per 1000 559 more per 1000
due to risk of bias ~ 3.24) (from 286 more to 941 more)
Nausea (infusion paracetamol) 100 bHOO Peto OR  Moderate
(1study) LOWI1 _ 9.74 0 per 100 Not estimable
due torisk of bias  (3.05to
31.05)
Nausea (bolus IV paracetamol) Moderate

[owelaoeied:saisabjeuy ajdwis
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314 SISISIS) Peto OR 1 per 100 3 more per 100
(2 VERY LOW1,4 5.6 (from O more to 12 more)
studies) due to risk of bias, (1.55to
inconsistency 20.3)
Vomiting 214 POOO Peto OR Moderate
(1 study) VERY LOW1,2 7.25 0 per 100 Not estimable
due to risk of bias, (0.14 to
imprecision 365.61)

(a) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if the majority of the evidence was at very high risk of

bias.

(b) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs.
(c) Downgraded by 1 because the majority of the evidence included an indirect population or indirect outcomes, or by 2 increments because the majority of the evidence

included a very indirect population or outcomes.

(d) Downgraded by 1 or 2 increments because: The point estimate varies widely across studies, unexplained by subgroup analysis. The confidence intervals across studies

show minimal or no overlap, unexplained by subgroup analysis.

See appendices for full GRADE tables.

Table 4: Outcomes not suitable for GRADE analysis: IV paracetamol versus oral paracetamol for acute post-operative pain

Oral acetaminophen (19)

Moller 2005152
(150)

Time to maximum
pain relief (minutes)

Very High
Median (range):
1.00 (0.73,1.00)

Propacetamol bolus (29) <0.017
Median (range): 0.25

(0.25,0.27)

Propacetamol infusion

Median (range): 0.25

(0.25,0.48)

[owelaoeied:saisabjeuy ajdwis
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Time to rescue Fenlon 2013% Very High
medication (130)
(minutes)
Jarde 19979 High
(214)

Median: Median: 0.066
PO: 54.3 min (95% CI: 51.2, 1V: 57.2 min (95% CI:55.4,

57.4) 59.2)

People with paracetamol (oral) remedicated earlier than did <0.05

those treated with propacetamol (IV). This difference was
significant for the 3 and 6 hour periods

[owelaoeied:saisabjeuy ajdwis
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Economic evidence

Included studies

No health economic studies were included.

Excluded studies

No relevant health economic studies were excluded due to assessment of limited
applicability or methodological limitations.

See also the health economic study selection flow chart in appendices.

Unit costs

The average daily costs of paracetamol are provided in Table 5 to help aid consideration of
cost effectiveness. A breakdown of these costs is provided in the appendices for the pain
evidence review.

Table 5: Average daily costs of paracetamol

Analgesic Average daily cost per person
Oral paracetamol £0.04
Intravenous paracetamol £1.79

Intravenous paracetamol (including disposables)  £5.02®

Source: Electronic market information tool (eMIT), Accessed September 20194
(a) Cost includes disposable costs, see the appendices for the pain evidence review for a breakdown of these
costs.
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Evidence statements

Clinical evidence statements

IV paracetamol versus oral paracetamol

No outcomes were reported for health related quality of life, or any of the important
outcomes.

Pain scores

Three studies showed no clinically important difference between IV paracetamol and oral
paracetamol for pain up to six hours postoperatively(3 studies, n = 363, low quality
evidence).

One study showed no clinically important difference between IV paracetamol and oral
paracetamol in pain scores under four at twenty four hours postoperatively (1 study, n = 67,
low quality of evidence)

One study showed no clinically important difference between IV paracetamol and oral
paracetamol in mean pain scores at twenty four hours (1 study, n = 120, very low quality of
evidence)

One study showed no clinically important difference between IV paracetamol and oral
paracetamol in pain intensity up to six hours (1 study, n=214, very low quality of evidence)
One study showed no clinically important difference between IV paracetamol and oral
paracetamol in pain intensity at twenty four hours postoperatively (1 study, n=67, low quality
of evidence)

One study found no clinically important difference in pain relief at 1 hour postoperatively
between IV paracetamol and oral paracetamol (1 study, n=128, very low quality evidence).

Rescue medication

One study showed a clinically important benefit with IV paracetamol in the number of people
requesting rescue medication compared to oral paracetamol (1 study, n=128, low quality
evidence).

One study found a clinically important difference with IV paracetamol for the total opioate
consumption compared to oral paracetamol (1 study, n=67, low quality of evidence)

One study showed no clinically important difference between IV paracetamol and oral
paracetamol in opiate consumption at up to 6 hours postoperatively (1 study, n=235, low
quality evidence).

One study showed no clinically important difference between IV paracetamol and oral
paracetamol in opiate consumption at 6 to 24 hours postoperatively (1 study, n=235, low
quality evidence).

Adverse events

One study showed no clinically important difference in the number of people with adverse
events between IV paracetamol (infusion paracetamol) and oral paracetamol (1 study,
n=100, low quality of evidence)

One study showed a clinically important harm with IV paracetamol (bolus) for number of
participants with adverse events compared to oral paracetamol (1 study, n=100, low quality
of evidence)

One study showed no clinically important between IV paracetamol and oral paracetamol for
cases of nausea (1 study, n=100, low quality evidence)

© NICE 2020. All rights reserved. Subject to Notice of rights.
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One study showed no clinically important difference in cases of nausea between IV
paracetamol and oral paracetamol (1 studies, n=314, very low quality evidence)

One study showed no clinically important difference in cases of vomiting when comparing IV
paracetamol and oral paracetamol (n=214, very low quality evidence)

Outcomes not suitable for GRADE anaylsis

One study showed a statistically significant benefit with IV paracetamol compared to oral
paracetamol for the time taken to maximum pain relief (1 study, n=150, high quality of
evidence)

One study showed no statistically significant difference between IV paracetamol and oral
paracetamol for time to rescue medication (1 study, n=130, high quality of evidence)

One study showed a statistically signigicant benefit with IV paracetamol for time to rescue
medication compared to oral paracetamol (1 study, n =214, high quality of evidence)

1.5.2 Health economic evidence statements
¢ No relevant economic evaluations were identified.
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1.6 Review question 2: What is the clinical and cost
effectiveness of IV paracetamol given intraoperatively in
managing acute post-operative pain?

1.7 PICO table

For full details see the review protocol in appendices.

Table 6: PICO characteristics of review question
Adults 18 years and over having major surgery.
IV paracetamol and IV opioids
IV opioids (and placebo)
CRITICAL:
e health-related quality of life
e pain reduction
o <6 hours post op
o > 6to 24 hours post op
e amount of additional medication use
o <6 hours post op
o > 6to 24 hours post op

e adverse events ( including respiratory depression, nausea, vomiting,
sedation)

IMPORTANT:
e psychological distress and mental well-being
e symptom scores
e functional measures
e length of stay in intensive care
e length of stay in hospital
e hospital readmission
Randomised controlled trials (RCTs), systematic reviews of RCTSs.

1.8 Clinical evidence

1.8.1 Included studies

Three randomised controlled trials were included in the review38: 141.224 these are
summarised in Table 7 below. Evidence from these studies is summarised in the clinical
evidence summary below (Table 8).

See appendices for the study selection flow chart, study evidence tables, forest plots and
GRADE tables.

1.8.2 Excluded studies

See the excluded studies list in appendices.
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1.8.3 Summary of clinical studies included in the evidence review

Table 7: Summary of studies included in the evidence review

Study
Choudhuri
201138

Memis
201041

Intervention and comparison
IV paracetamol and IV opioids:

IV paracetamol plus fentanyl

Both groups received fentanyl during induction
and IM diclofenac for pain relief every 8 hourly
for 24 h after surgery. those in the fentanyl
plus paracetamol group (Group P) received
100 mL of Paracetamol IV (Perfalgan 1 mg)
just before induction.

N=40

IV opioids:
Fentanyl

Both groups received fentanyl during induction
and IM diclofenac for pain relief every 8 hourly
for 24 h after surgery. Patients in the fentanyl
group (Group F) received 100 mL of normal
saline.

N=40

IV paracetamol and IV opioids:
IV paracetamol plus meperidine

N=20

Population

Patients aged 18—70 year scheduled for
laparoscopic cholecystectomy, and
classified as ASA physical status | or Il
were included.

Mean age (SD):

Paracetamol and fentanyl group - 56
(16.5)

Fentanyl group - 54 (19.1)

India

Forty adult patients (N18 years of age)

admitted to the ICU after complex major
abdominal or pelvic surgery, who were

Outcomes

e Pain scores (VAS) 6
hours post-operatively

e Pain scores (VAS) 24
hours post-operatively

e Length of hospital stay

e Pain (BPS) at extubation

e Pain (VAS) at 24 hours
after surgery

Comments
VAS visual
analogue
scale

BPS —
behavioural
pain scale
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Study

Takeda
201924

Intervention and comparison
IV opioids:

Patients received 100 mL of serum saline IV
every 6 hours and IV meperidine (Aldolan, 100
mg/2 mL)

N=20

IV paracetamol and IV opioids
IV paracetamol plus fentanyl

Patients received both 1000mg of IV
acetaminophen every 6 hours for 24 hours
after surgery and the hospitals standard post
op pain control (pre op femoral nerve block
and post op IV-PCA fentanyal citrate

N=45

Fentanyl

Patients received pre op femoral nerve block
and received IC-PCA fentanyl citrate.

N=52

Both groups received oral acetaminophen
1000mg 3 x per day from 24 hours to 2 weeks
post op.

Population
expected to require 24-hour postoperative
sedation and ventilation, were studied.

Mean age (SD):

Paracetamol and Meredipine — 59.8
(12.9)

Meredipine group — 60 (9.5)

Turkey

97 patients undergoing unilateral primary
total hip arthroplasty ASA grade I-11l with
an ability to cooperate and understand the
pain scale.

Mean age (SD):

Paracetamol and fentanyl group — 65.6
(11.2)

Fentanyl group — 63.4 (12.2)

Japan

Outcomes

Adverse events at 24
hours postoperatively

Length of stay at ICU

Pain at rest 24 hours
post-surgery (NRS)

Total volume of opioid
consumption during the
intraoperative period and
24 hours post op

Adverse events such as
nausea and vomiting

Comments

VAS visual
analog scale

Numerical
rating scale
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See appendices for full evidence tables.

1.8.4 Quality assessment of clinical studies included in the evidence review

Table 8: Clinical evidence summary: IV paracetamol and IV opioid compared to IV opioid

144
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Pain (BPS) at extubation SlsISIS) The mean pain The mean pain (bps) at extubation in the
(1 study) LOW1 (bps) at extubation  intervention groups was
due to imprecision in the control 1.1 lower
groups was (1.73 t0 0.47 lower)
3.6
Pain (VAS) at 6h 80 SISISIS) The mean pain The mean pain (vas) at 6h in the
(1 study) VERY LOW1,2 (vas) at 6h in the intervention groups was
6 hours due to risk of bias, control groups was 0.4 lower
post imprecision 2.8 (0.61 to 0.19 lower)
operation
Pain (VAS) at 24 h 217 SISl The mean pain The mean pain (vas) at 24 h in the
(3 studies) VERY LOW1,2,3 (vas) at 24h in the intervention groups was
24 hours due to risk of bias, control groups was
inconsistency,
imprecision 3.09 VAS 0.08 lower
(0.26 lower to 0.1 higher)
Amount of additional medication 40 DPoO The mean The mean amount of additional
(Meperidine) 24 h post-surgery (1 study) LOW1 additional medication (meperidine) 24 h post-
24 hours due to imprecision medication at 24h surgery in the intervention groups was

in the control
groups was

198mg

121.25mg lower
(151.42 to 91.08 lower)
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equivalents)
24 h post-surgery

Adverse events

Length of stay at ICU (hours)

Length of hospital stay (days)

(1 study)

133
(2 studies)
24 hours

120
(1 study)

80
(1 study)

SIS IS IS
MODERATE1
due to imprecision

SPIISIS)
MODERATE1
due to imprecision

SISISIS)
MODERATE1
due to imprecision

SISO

LOW1,2

due to risk of bias,
imprecision

Total opioid consumption (morphine

RR 0.26

(0.08 to
0.87)

The mean total
opioid consumption
in the control
groups was

57.83 mg
Moderate

176 per 1000

The mean length of
stay at icu in the
control groups was
27

The mean length of
hospital stay in the

control groups was
1.2

The mean total opioid consumption in the
intervention groups was

5.76 lower

(9.81 to 1.71 lower)

130 fewer per 1000
(from 26 fewer to 162 fewer)

The mean length of stay at ICU in the
intervention groups was

1 lower

(3.19 lower to 1.19 higher)

The mean length of hospital stay in the
intervention groups was

0.1 higher

(0.19 lower to 0.39 higher)

(a) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs.
(b) Downgraded once if the majority of the evidence is from studies at high risk of bias. Downgraded twice if the majority of the evidence is from studies at very high risk of

bias.

(c) Downgraded due to heterogeneity, 12=50%, p=0.04, unexplained by subgroup analysis.
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Table 9: Evidence not suitable for GRADE analysis: IV paracetamol and IV opioid compared to IV opioid

Number of patients  Chaudhuri High Proportion 14/40 Proportion 13/40 <0.05
requiring rescue 2011(80)

analgesic in post-

operative period

See appendices for full GRADE tables.
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Economic evidence

Included studies

No health economic studies were included.

Excluded studies

No relevant health economic studies were excluded due to assessment of limited
applicability or methodological limitations.

See also the health economic study selection flow chart in appendices.

Unit costs

The average daily costs of intravenous opioids and paracetamol are provided in Table 10 to
help aid consideration of cost effectiveness. A breakdown of these costs is provided in the
appendices for the pain evidence review.

Table 10: Average daily costs of intravenous opioid and intravenous paracetamol

Analgesic Average daily cost per person (range)®
Intravenous opioid £4.92 (£3.77 — £6.07)

Intravenous opioid & paracetamol £6.71 (£4.66 - £7.86)

Patient controlled analgesia (opioid) £21.10 (£16.36 - £23.79)

Patient controlled analgesia (opioid) & paracetamol £22.89 (£17.25 - £25.58)

Sources: British National Formulary, Accessed September 2019°%; Electronic market information tool (eMIT),

Accessed September 201943

(a) Costs include disposable costs, see the appendices for the pain evidence review for a breakdown of these
costs.
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Evidence statements
Clinical evidence statements

IV paracetamol plus IV opioid versus IV opioid

No outcomes were reported for health related quality of life or the following important
outcomes; psychological distress and mental well-being, symptom scores, functional
measures and hospital readmission.

Pain relief
One study showed a clinically important benefit with 1V paracetamol and IV opioid in pain at
extubation compared to IV opioid alone (1 study, n=40, low quality)

One study showed no clinically important difference in pain six hours postoperatively
between IV paracetamol and IV opioid and IV opioid alone (1 study, n=80, very low quality)

Three studies found no clinically important differnece in pain twenty hours postoperatively
between IV paracetamol and IV opioid and 1V opioid alone (1 study, n=217, very low quality)

Rescue medication

One study showed a clinically important benefit with IV paracetamol and IV opioid in the
amount of additional meperidine used twenty four hours postoperatively compared to IV
opioid alone (1 study, n=40, low quality)

One study found a clinically important benefit with IV paracetamol and IV opioid in the total
amount of opioid given compared to 1V opioid twenty four hours post-surgery (1 study, n=97,
moderate quality evidence)

Adverse events

Two studies showed a clinically important benefit with IV paracetamol and 1V opioids in the
reduction of adverse events twenty four hours postoperatively compared to IV opioid alone (2
studies, n=133, moderate quality)

Length of stay

One study found no clinically important difference in the length of stay in ICU (hours)
postoperatively between IV paracetamol and IV opioid and IV opioid alone (1 study, n=120,
moderate quality)

One study found no clinically important difference in the length of stay in hospital (days)
postoperatively between IV paracetamol and IV opioid compared to IV opioid alone (1 study,
n=80, low quality)

Health economic evidence statements

e No relevant economic evaluations were identified.
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Simple anlagesics: Non-steroidal anti-
Inflammatory drugs (NSAIDs)

Methods approach

This section of the report addresses the clinical and cost effectiveness of NSAIDs in the 24
hour post operative period. The first clinical review evaluates the effectiveness of NSAIDs
and then the second review examines which of the NSAIDs is the most clinically and cost
effective. The effectiveness of NSAIDs in the immediate post operative period has been
extensively researched. A preliminary search idenitifed over 900 trial publications including
11 Cochrane systematic reviews and 2 overviews of Cochrane reviews. A more recent
NMA?6 performed by the authors of the overviews of Cochrane reviews and communication
with the lead author has indicated thatevidence in this area has stabilised, suggesting that
updated searches of the evidence have not identified any trials that would add further to this
evidence base. A Cohrane statement has outlined that no updates of the included reviews
are expected in the next 5 years with no new data likely to be available that change the
conclusions for at least 10 years. The Cocrhane overview will subsequently be reassessed
for updating in 2027.

As such, the first review here evaluates and summarises these Cochrane reviews. Evidence
on the individual single dose NSAIDs and Cox-2 inhibitors from two overviews of Cochrane
reviews!®* 15 reporting pain management and adverse events were extracted. The overviews
of Cochrane reviews do not report an overall summary effect of NSAIDs compared to
placebo. We have combined the data from the separate Cochrane reviews to give an overall
effect of the NSAIDs for each outcome. This method was repeated for the Cox-2
inhibitors. The Cochrane reviews included in these overviews and those identified from our
literature search were also cross-checked for further relevant outcome data. Data on rescue
medication use was subsequently extracted from these Cochrane reviews. The reviews were
assessed for risk of bias using the ROBIS checklist.

The approach to examine which of the NSAIDs is the most clinically and cost effective is
described in the POC Methods report in the sections explaining the review of intervention
studies.

Review question 1: What is the clinical and cost
effectiveness of NSAIDs for managing acute postoperative
pain?

PICO table

For full details see the review protocol in appendices.

Table 11: PICO characteristics of review question

Population Adults (18 years and older) who have undergone surgery.
Interventions e non-steroidal anti-inflammatory drugs by any route, including :
o indomethacin
o ibuprofen
o diclofenac
o haproxen
o ketorolac,
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e COX2- inhibitor ( for example, celecoxib)

e placebo
[ ]

CRITICAL:

e health-related quality of life
e pain reduction
o <6 hours post op
o > 6 hours- 24 hours post op
¢ amount of additional medication use
o <6 hours post op
o > 6 hours- 24 hours post op
e adverse events (including respiratory depression, nausea, vomiting, cardiac
events , acute kidney injury, gastrointestinal complications, bone healing
complications)
IMPORTANT:

e psychological distress and mental well-being
e symptom scores

e functional measures

e length of stay in intensive care
¢ length of stay in hospital

e hospital readmission

Systematic reviews of randomised controlled trials.

Clinical evidence

Included studies

Two overview of Cochrane reviews?®* 155 and 11 Cochrane reviews#2 51-54. 74, 150, 197, 219, 230, 243
were included in the review; these are summarised in Table 12 and Table 13 below.
Evidence from these studies is summarised in the clinical evidence summary below.

NSAIDs

Overall summary effect of NSAIDs by outcome.

e Table 14: Clinical evidence summary: NSAIDs versus placebo. (see fores plots
in separate appendices document)

Summaries of the individual NSAIDs and different dosages by outcome.

e Table 15: Evidence summary from Moore et al*>®: Individual NSAIDs versus
placebo. Pain relief

e Table 16: Evidence summary from Moore et al 13*: Individual NSAIDs versus
placebo. Adverse events

e Table 17: Evidence summaries from the individual Cochrane reviews: NSAIDs
versus placebo rescue medication
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COX-2 inhibitors
Overall summary effect of COX-2 inhibitors by outcomes

e Table 18: Clinical evidence summary: COX-2 inhibitors versus placebo.

Summaries of the individual COX-2 inhibitors and different dosages by outcome

e Table 19: Evidence summary from Moore et al 1%%: Individual cox-2 inhibitor
versus placebo. Pain relief

e Table 20: Evidence summary from Moore et al'>*: Individual cox-2 inhibitor
versus placebo. Adverse event

e Table 21: Evidence summaries from the of individual Cochrane reviews:
Individual cox-2 inhibitor versus placebo. Rescue medication.

See appendices for the study selection flow chart, study evidence tables, forest plots,
GRADE tables and the excluded studies list.
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Summary of the Cochrane reviews included in the evidence review

Table 12: Summary of the overview of Cochrane reviews

Moore 2015
(efficacy)*>

Moore 2015
(adverse events)!®®

Table 13: Summary of the Cochrane reviews included in the evidence review

Derry 201252
Gaskell 201774
Derry 20155
Wasey 2010%43

Tirunagari 200923°

Thirty-nine Cochrane reviews of randomised trials have
examined the analgesic efficacy of individual drug interventions
in acute postoperative pain. The Cochrane reviews included
adult participants with established postoperative pain of
moderate to severe intensity following day surgery or in-patient
surgery. This overview brings together the results of those
individual reviews and assesses the reliability of available data.

Thirty-nine Cochrane reviews of randomised trials have
examined the adverse events associated with individual drug
interventions in acute postoperative pain. The Cochrane
reviews included adult participants with established
postoperative pain of moderate to severe intensity following
day surgery or in-patient surgery. This overview brings together
the results of those individual reviews.

Adult participants (>15
years) with established

Dexketoprofen versus placebo HERHE S P o_f .
moderate to severe intensity

Ketoprofen versus placebo following day surgery or in-
Diclofenac versus placebo patient surgery.

Aspirin versus placebo

Diflunisal versus placebo

Etodolac versus placebo

Pain

Adverse events
Serious adverse events
Mortality

Rescue analgesia

Results from NSAIDs versus
placebo and cox-2 inhibitors
versus placebo extracted.

Results from NSAIDs versus
placebo and cox-2 inhibitors
versus placebo extracted.

Cochrane review
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Sultan 2009%%° Flurbiprofen versus placebo
Derry 20095 Ibuprofen versus placebo

Moll 2011150 Mefenamic acid versus placebo
Derry 2013%2 Celecoxib versus placebo
Clarke 201242 Etoricoxib versus placebo

Roy 2010*%7 Lumiracoxib versus placebo

See appendices for full evidence tables.

2.4.3 Quality assessment of the Cochrane reviews included in the evidence review

Table 14: Clinical evidence summary: NSAIDs versus placebo.

Participants with at least 50% 29191 SlelolS) RR 3.17 Moderate
pain relief over 6 hours MODERATE]_. (3.04 to 3.30) 155 per 1000 336 more per 1000
due to inconsistency (from 316 more to 356 more)
Participants with at least one 20846 CODD RR 1.07 Moderate
adverse event HIGH (1.00 to 1.14) 137 per 1000 10 more per 1000

(from 0 more to 19 more)
14010 Moderate
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725 per 1000

Participants using rescue
medication at 6 hours

Aspirin

Aspirin

Aspirin
Dexketoprofen
Dexketoprofen
Diclofenac

fast-acting

Diclofenac
fast-acting

Diclofenac
potassium

Diclofenac

600/650

1000

1200

10/12.5

20/25

25

50

25

50

4965

618

249

452

523

325

486

502

757

SSISPISIS)
LOW1
due to inconsistency

(a) Downgraded by because the point estimate varies widely across studies, 12=50%, p=0.04.

983/2496

138/340

85/140

104/230

129/225

36/165

156/214

140/248

253/398

RR 0.6
(0.58 to 0.62)

379/2469
40/278
25/109
38/222
38/248
4/160
46/232

371274

60/359

Table 15: Evidence summary from Moore et al**®; Individual NSAIDs versus placebo. Pain relief

2.5 (2.3 10 2.8)
2.7 (2.0t03.7)
3.3(1.8106.3)
2.7 (2.0t03.7)
3.3 (2.4 0 4.5)
8.7 (3.2 t0 24)
2.9 (3.2103.8)

3.9 (2.8105.3)

3.7 (2910 4.7)

290 fewer per 1000

(from 275 fewer to 305 fewer)

4.2 (3.810 4.6)
4.2 (3.8 10 4.6)
2.4 (1.9103.2)
3.6 (2.8 10 5.0)
3.2 (2.6 t0 4.1)
5.2 (3.8 to 8.0)
2.4 (2.0 t0 3.0)

2.4 (2.0t0 2.9)

2.1 (1.9t0 2.5)

6856

853

789

804

1111

325

1539

1590

2848

1ue [eploJals-uop :saisabejue ajdwis

(saivsN) sbnup Alorewiwejjui

IVNIL :21ed aAneladolad



S
'sybu jo 90!10N801 109[gns "paniasal siybu |1 ‘0202 IDIN @

potassium

Diclofenac
potassium

Diclofenac
sodium
Diflunisal
Diflunisal
Diflunisal
Etodolac
Etodolac
Etodolac
Etodolac
Fenoprofen
Flurbiprofen

Flurbiprofen

Flurbiprofen

100

50

250

500

1000

50

100

200

400

200

25

50

100

10

589

313

195

391

357

360

498

670

222

287

208

692

416

196/300

58/193

49/98

104/198

112/182

44/154

103/251

145/333

52/134

83/146

36/102

245/353

139/215

39/289

18/120

16/97

27/193

26/175

34/206

50/247

44/337

4/88

19/141

5/106

108/339

48/201

4.8 (3.6 10 6.5)
2.0 (1.3t0 3.3)
2.9 (1.8 10 4.6)
3.8 (2.6 10 5.4)
4.1 (2.9 10 6.0)
1.7 (1.1t0 2.6)
2.0 (1510 2.7)
3.3 (2,510 4.5)
9.0 (3.4 to 24)
4.2 (2.7 10 6.4)
7.0 (2.9 to 16)
2.2 (1.9t0 2.6)

2.8 (2.210 3.6)

1.9 (1.7 t0 2.3)
6.6 (4.11t0 17)
3.3(2.3105.5)
2.6 (2.1103.3)
2.1(1.8102.6)
8.3 (4.8 to 30)
4.8 (3.5107.8)
3.3 (2.710 4.2)
2.9 (2.3 10 4.0)
2.3 (1.9 t0 3.0)
3.3 (2.510 4.9)
2.7 (2.310 3.3)

2.5(2.0t0 3.1)

2511

161

396

1113

1343

74

540

1360

544

961

422

1871

1248
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Ibuprofen
Ibuprofen
Ibuprofen
Ibuprofen
Ibuprofen
Ibuprofen (fast

acting)
Ibuprofen (fast

acting)
Ketoprofen
Ketoprofen
Ketoprofen
Ketoprofen
Lornoxicam
Mefenamic

acid
Naproxen

100

200

400

600

200

400

12.5

25

50

100

500

200/220

18

51

396

2103

5604

203

828

1364

274

535

624

321

273

256

202

50/159

60/192

448/1094

1596/3070

88/114

270/478

4271658

77/138

175/281

151/314

106/161

71/155

60/126

54/120

16/157

16/204

67/1009

289/2543

36/89

34/350

85/466

18/136

31/254

56/310

28/160

13/118

29/130

13/82

3.2 (1.9105.1)
3.7 (2.3105.9)
6.5(5.1108.2)
4.6 (4.0t0 5.1)
2.0 (1.5 to 2.6)
5.7 (4.210 7.9)
3.9 (3.2t0 4.7)
4.2 (2.7 10 6.6)
4.9 (3.510 6.9)
2.7 (2.0 to 3.5)
3.6 (2.510 5.1)
4.7 (2.7 10 8.1)
2.1(1.5t03.1)

2.9 (1.6t05.1)

4.7 (3.3 10 8.0)
4.3 (3.2 10 6.4)
2.9 (2.7103.2)
2.5 (2.4 10 2.6)
2.7 (2.0 t0 4.2)
2.1 (1.9 t0 2.4)
2.1(1.9t02.3)
2.4 (1.9103.1)
2.0 (1.8 t0 2.3)
3.3(2.7104.3)
2.1 (1.7 t0 2.6)
2.9 (2.3 10 4.0)
4.0 (2.71t07.1)

3.4 (2.4105.8)

356

525

5149

16,812

549

3115

5131

868

2140

1267

1208

668

384

392
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Naproxen

Naproxen

Piroxicam

Moore RA, Derry S, Aldington D, Wiffen PJ, Single dose oral analgesics for acute postoperative pain in adults - an overview of Cochrane reviews.

400/440

500/550

20

3

9

3

334

784

280

103/210

200/394

89/141

14/124

59/390

36/139

48(281084) 2.7(22t03.5) 903
3.4(26t04.4) 27(23103.3) 2120

2.5(1.8t03.3) 2.7(2.1t03.8) 757

Cochrane Database of Systematic Reviews, Issue 9. 2015. Copyright Cochrane Collaboration, reproduced with permission.

Table 16: Evidence summary from Moore et al **: Individual NSAIDs versus placebo. Adverse events

Aspirin
Aspirin
Dexketoprofen
Dexketoprofen

Diclofenac
fast-acting

Diclofenac
potassium

600/650

900/1000

10/12.5

20/25

All doses

All doses

3633

404

258

413

636

1090

26

20

12

46

46

46

46

1.2 (1.0 to 1.4)
1.6 (1.1 to 2.3)*
0.6 (0.3 10 1.3)
1.3 (0.8t0 2.1)

1.0 (0.6 t0 1.8

1.0 (0.7 to 1.6)
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Diflunisal
Diflunisal
Diflunisal
Etodolac
Etodolac
Etodolac
Etodolac
Fenoprofen
Flurbiprofen
Flurbiprofen
Flurbiprofen
Ibuprofen

Ibuprofen

250

500

1000

50

100

200

400

200

25

50

100

50

100

195

462

417

320

459

633

310

287

221

564

342

225

310

18

29

11

22

28

14

13

12

10

14

15

16

17

34

16

17

12

13

0.5 (0.2 to 1.8)
1.3 (0.8t0 1.9)
1.8 (1.2 to 2.6)*
1.4 (0.6 10 3.2)
1.6 (0.9 t0 2.8)
1.2 (0.9 0 1.7)
0.8 (0.5 to 1.2)
0.9 (0.4 t0 2.1)
0.9 (0.5t0 1.7)
0.8 (0.51t0 1.1)
1.0 (0.6 to 1.8)
1.3 (0.6 t0 3.0)

1.2 (0.7 t0 2.1)
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1808 0.9 (0.7 to 1.02)
Ibuprofen
Ibuprofen 400 40 4867 17 16 0.9 (0.8 to 1.04)
Ketoprofen 12.5 3 274 6 4 1.3 (0.5t0 3.6)
Ketoprofen 25 7 490 10 10 1.2 (0.7 to 2.0)
Ketoprofen 50 4 278 21 14 1.6 (0.9 to 2.6)
Ketoprofen 100 3 175 22 18 1.2 (0.7 t0 2.2)
Lornoxicam 8 3 273 44 23 1.4 (0.9t02.2)
Mefenamic 500 2 104 13 6 2.2 (0.7t07.2)
acid
Naproxen 400/440 3 334 22 17 1.3(0.8t02.2)
Naproxen 500/550 9 784 27 29 1.0 (0.7 t0 1.2)

Serious adverse events were rare, occurring a rate of about 1 in 3200 people. In total, serious adverse events in studies involving NSAIDs and cox-2
inhibitors were reported for 10 participants: three taking ibuprofen; one taking etodolac; one taking naproxen and three taking placebo. No deaths were
reported
* indicates statistically significant risk ratio

Moore RA, Derry S, Aldington D, Wiffen PJ, Adverse events associated with single dose oral analgesics for acute postoperative pain in adults - an

overview of Cochrane reviews. Cochrane Database of Systematic Reviews, Issue 9. 2015. Copyright Cochrane Collaboration, reproduced with
permission.
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Table 17: Evidence summaries from the individual Cochrane reviews: NSAIDs versus placebo rescue medication
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Aspirint 600/650 1923 530/955 696/968 0.77 (0.73 t0 0.82)
Aspirin? 900/1000 233 78/116 97/117 0.82 (0.73 to 0.95)
Dexketoprofen 10/12.5 480 107/243 153/237 0.68 (0.58 to 0.81)
2

Dexketoprofen  20/25 635 159/331 209/304 0.68 (0.59 to 0.77)
2

Diclofenac 50 486 83/254 164/232 0.46 (0.38 to 0.56)
fast-acting®

Diclofenac 100 168 46/92 59/76 0.61 (0.48 t0 0.77)
fast-acting®

Diclofenac 25 502 127/248 181/254 0.72 (0.63 to 0.82)
Potassium?®

Diclofenac 50 757 144/398 248/359 0.52 (0.45 to 0.60)
Potassium?®

Diclofenac 100 589 102/300 208/289 0.45 (0.38 to 0.54)
Potassium?®

Diclofenac 50 284 103/175 75/109 0.82 (0.69 to 0.98)
sodium?®

Diflunisal* 500 390 54/197 128/193 0.41 (0.33 t0 0.52)
Diflunisal* 1000 409 48/206 153/203 0.31 (0.24 to 0.40)
Etodolac® 100 121 13/60 24/61 0.56 (0.32 to 0.96)
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Etodolac®
Etodolac®
Etodolac®
Flurbiprofen®
Flurbiprofen®
Ibuprofen’
Ibuprofen’
Ibuprofen’
Ibuprofen’
Ketoprofen?
Ketoprofen?
Ketoprofen?

Ketoprofen?

200

400

1200

100

200

400

12.5

25

50

80-100

219

191

95

425

239

208

296

794

2983

198

402

468

259

67/110

67/106

18/48

53/212

20/122

30/102

54/143

215/452

737/1756

79/99

99/216

93/236

57/130

84/109

64/85

40/47

140/213

79/117

53/106

88/153

259/342

975/1227

97/99

147/186

162/232

104/129

0.79 (0.66 to 0.94)
0.86 (0.72 to 1.04)
0.44 (0.30 to 0.65)
0.38 (0.30 to 0.48)
0.24 (0.16 to 0.36)
0.61 (0.44 to 0.84)
0.69 (0.57 to 0.84)
0.63 (0.57 to 0.70)
0.54 (0.51 to 0.57)
0.81 (0.74 to 0.90)
0.60 (0.52 to 0.69)
0.56 (0.47 to 0.66)

0.54 (0.44 to 0.67)
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Mefenamic 59/126 81/130 0.75 (0.61 to 0.93)
acid 8
1.Derry S, Moore RA. Single dose oral aspirin for acute postoperative pain in adults. Cochrane Database of Systematic Reviews 2012, Issue 4. Copyright
Cochrane Collaboration, reproduced with permission.
2. Gaskell H, Derry S, Wiffen PJ, Moore RA. Single dose oral ketoprofen or dexketoprofen for acute postoperative pain in adults. Cochrane Database of
Systematic Reviews 2017, Issue 5. Copyright Cochrane Collaboration, reproduced with permission.
3. Derry S, Wiffen PJ, Moore RA. Single dose oral diclofenac for acute postoperative pain in adults. Cochrane Database of Systematic Reviews 2015,
Issue 7. Copyright Cochrane Collaboration, reproduced with permission.
4. Wasey JO, Derry S, Moore RA, McQuay HJ. Single dose oral diflunisal for acute postoperative pain in adults. Cochrane Database of Systematic
Reviews 2010, Issue 4. Copyright Cochrane Collaboration, reproduced with permission.
5.Tirunagari SK, Derry S, Moore RA, McQuay HJ. Single dose oral etodolac for acute postoperative pain in adults. Cochrane Database of Systematic
Reviews 2009, Issue 3. Copyright Cochrane Collaboration, reproduced with permission.
6. Sultan A, McQuay HJ, Moore RA, Derry S. Single dose oral flurbiprofen for acute postoperative pain in adults. Cochrane Database of Systematic
Reviews 2008, Issue 4. Copyright Cochrane Collaboration, reproduced with permission.
7.Derry C, Derry S, Moore RA, McQuay HJ. Single dose oral ibuprofen for acute postoperative pain in adults. Cochrane Database Systematic Reviews
2009, Issue 3. Copyright Cochrane Collaboration, reproduced with permission.
8. Moll R, Derry S, Moore RA, McQuay HJ. Single dose oral mefenamic acid for acute postoperative pain in adults. Cochrane Database of Systematic
Reviews 2011, Issue 3. Copyright Cochrane Collaboration, reproduced with permission.

Table 18: Clinical evidence summary: COX-2 inhibitors versus placebo.

Participants with at least 50% 2805 PPHOO RR 5.74 Moderate
pain relief over 6 hours LOW]. ) (4.66 to 7.07) 91 per 1000 431 more per 1000
due to inconsistency (from 333 more to 552 more)
Participants with at least one 2913 PPODHD RR 0.92 Moderate
adverse event HIGH (0.82 t0 1.04) 311 per 1000 25 fewer per 1000

(from 56 fewer to 12 more)
1722 Moderate
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Participants using rescue OPHOO RR 0.73 909 per 1000 245 fewer per 1000
medication at 6 hours LOW1 (0.69 to 0.76) (from 218 fewer to 282 fewer)
due to inconsistency

1 Downgraded by because the point estimate varies widely across studies, 12=50%, p=0.04.

Table 19: Evidence summary from Moore et al **°: Individual cox-2 inhibitor versus placebo. Pain relief

Celecoxib 149/423 32/282 35(24105.1) 4.2 (3.4105.6)

Celecoxib 400 5 722 202/466 12/256 10 (5.7t08) 2.6 (2.3103.0) 2055
Etoricoxib 120 6 798 332/503 34/295 5.6(4.0t07.8) 1.8(1.7t02.0) 3635
Etoricoxib 180/240 2 199 129/150 6/49 6.4(3.1t014) 1.5(1.3t01.7) 1128

Lumiracoxib 400 4 578 183/366 17/212 69(4.1t011) 24(2.1t02.8) 1830
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Moore RA, Derry S, Aldington D, Wiffen PJ, Single dose oral analgesics for acute postoperative pain in adults - an overview of Cochrane reviews.
Cochrane Database of Systematic Reviews, Issue 9. 2015. Copyright Cochrane Collaboration, reproduced with permission.

Table 20: Evidence summary from Moore et al*®*: Individual cox-2 inhibitor versus placebo. Adverse event

Celecoxib 200
Celecoxib 400
Etoricoxib 120/180/240

Lumiracoxib 400

5

669

725

1029

460

16 17

0.9 (0.6 to 1.3)

34 46 1.0 (0.8t0 1.2)
32 38 0.9 (0.7 to 1.1)
13 18 0.7 (0.4 to 1.3)

Serious adverse events were rare, occurring a rate of about 1 in 3200 people. In total, serious adverse events in studies involving NSAIDs and cox-2
inhibitors were reported for 10 participants: two taking rofecoxib and three taking placebo. No deaths were reported
Moore RA, Derry S, Aldington D, Wiffen PJ, Adverse events associated with single dose oral analgesics for acute postoperative pain in adults - an
overview of Cochrane reviews. Cochrane Database of Systematic Reviews, Issue 9. 2015. Copyright Cochrane Collaboration, reproduced with

permission.

Table 21: Evidence summaries from the of individual Cochrane reviews: Individual cox-2 inhibitor versus placebo. Rescue

medication.

Celecoxib?! 200
Celecoxib?! 400
Etoricoxib? 120/180/240

4

271

518

505

113/181 85/90 0.78 (0.70 to 0.86)

228/364 140/154 0.68 (0.62 to 0.74)

154/306 178/199 0.74 (0.67 to 0.81)
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Lumiracoxib® 400 169/266 147/162 0.72 (0.65 to 0.80)

1.Derry S, Moore RA. Single dose oral celecoxib for acute postoperative pain in adults. Cochrane Database of Systematic Reviews 2013, Issue 10.
Copyright Cochrane Collaboration, reproduced with permission.

2.Clarke R, Derry S, Moore RA. Single dose oral etoricoxib for acute postoperative pain in adults. Cochrane Database of Systematic Reviews 2012, Issue 4.
Copyright Cochrane Collaboration, reproduced with permission.

3. Roy YM, Derry S, Moore RA. Single dose oral lumiracoxib for postoperative pain in adults. Cochrane Database of Systematic Reviews 2010, Issue 7.
Copyright Cochrane Collaboration, reproduced with permission.

See appendices for full GRADE tables.
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Perioperative care: FINAL
Simple anlagesics: Non-steroidal anti-inflammatory drugs (NSAIDS)

2.5 Economic evidence

2.5.1 Included studies

No health economic studies were included.

2.5.2 Excluded studies

No relevant health economic studies were excluded due to assessment of limited
applicability or methodological limitations.

See also the health economic study selection flow chart in appendices.

2.5.3 Unit costs

The average daily costs of NSAIDs and COX-2 inhibitors are provided in Table 22 to help aid
consideration of cost effectiveness. A breakdown of these costs is provided in the
appendices for the pain evidence review.

Table 22: Average daily costs of NSAIDs and COX-2 inhibitors

Analgesic Average daily cost per person (range)
Oral NSAID £0.07 (£0.04 - £0.11)

Intravenous NSAID £4.19 (£3.66 - £4.72)@

Oral COX-2 inhibitor £0.04

Intravenous COX-2 inhibitor £14.57@

Sources: British National Formulary, Accessed September 20190%; Electronic market information tool (eMIT),

Accessed September 201943

(a) Costs include disposable costs, see the appendices for the pain evidence review for a breakdown of these
costs.

© NICE 2020. All rights reserved. Subject to Notice of rights.
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Perioperative care: FINAL
Simple anlagesics: Non-steroidal anti-inflammatory drugs (NSAIDS)

2.6 Evidence statements

2.6.1 Clinical evidence statements

No outcomes were reported for health related quality of life, or any of the important
outcomes.

NSAIDs versus placebo
Pain relief

Three hundred and twelve studies showed a clinically important benefit of NSAIDs for
people achieving at least 50% maximum pain relief over 4 - 6 hours compared to placebo
(312 studies, n=29191,moderate quality evidence) )

Adverse events

Two hundred and nineteen studies showed no clinically important difference between
NSAIDs and placebo for people experiencing at least one adverse event (219 studies,
n=20846, high quality evidence)

Rescue medication

One hundred and fifty five studies showed a clinically important benefit of NSAIDs in the
number of people using rescue medication at 6 hours compared to placebo (155 studies,
n=14010, low quality evidence)

COX-2 inhibitors versus placebo
Pain relief

Twenty one studies showed a clinically important benefit with COX-2 inhibitors for people
achieving at least 50% maximum pain relief over 4 - 6 hours compared to placebo(21
studies, n=2805, low quality evidence) Adverse events

Eighteen studies showed no clinically important difference between COX-2 inhibitors and
placebo for people experiencing at least one adverse event (18 studies n=2913, high quality
evidence)

Rescue medication

Twelve studies showed a clinically important benefit with COX-2 inhibitors in the number of
people using rescue medication at 6 hours compared to placebo (12 studies, n=1722, low
quality evidence)

2.6.2 Health economic evidence statements
¢ No relevant health economic studies were indentified.

© NICE 2020. All rights reserved. Subject to Notice of rights.
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Perioperative care: FINAL
Simple anlagesics: Non-steroidal anti-inflammatory drugs (NSAIDs)

2.7 Review question 2: Which is the most clinical and cost
effective intervention within the class of NSAIDs for
managing acute postoperative pain?

2.8 PICO table

For full details see the review protocol in appendices.

Table 23: PICO characteristics of review question
Adults (18 years and older) who have undergone surgery.

e non-steroidal anti-inflammatory drugs by any route, including :
o indomethacin

ibuprofen

diclofenac

naproxen

ketorolac,

e COX2- inhibitor ( for example, celecoxib)

e To each other

CRITICAL:

o health-related quality of life
e pain reduction
o <6 hours post op
o > 6 hours- 24 hours post op
e amount of additional medication use
o <6 hours post op
o > 6 hours- 24 hours post op
e adverse events (including respiratory depression, nausea, vomiting, cardiac
events , acute kidney injury, gastrointestinal complications, bone healing
complications)
IMPORTANT:

e psychological distress and mental well-being
e symptom scores

e functional measures

e length of stay in intensive care
e length of stay in hospital

e hospital readmission

O O O O

Randomised controlled trials and systematic reviews of randomised controlled
trials.

2.9 Clinical evidence

© NICE 2020. All rights reserved. Subject to Notice of rights.
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29.1

29.2

Perioperative care: FINAL
Simple anlagesics: Non-steroidal anti-inflammatory drugs (NSAIDS)

Included studies

Forty—one randomised controlled trials3' 7,9, 10, 12, 20, 22, 28, 33, 37, 39, 40, 47, 58, 67, 68, 70, 71, 96, 103, 111, 116,
128, 133, 139, 140, 153, 158, 165, 170, 186, 208, 227, 228, 235, 236, 239, 242, 244, 248, 251 were included in the reVieW
comparing different NSAIDs and COX2-inhibitors.

21 studies compared NSAIDs to other NSAIDS; 2 studies 2% 1% comparing diclofenac and
ibuprofen, 2 studies 11! comparing ibuprofen and naproxen, 16 studies 3 33 39 40,67, 68,71, 96,
116, 153, 158, 170, 186, 227, 228, 242 comparing diclofenac and Ketorolac, and 1 study?*® comparing
Ibuprofen and ketorolac. 20 studies compared NSAIDs to COX2 inhibitors; 9 studies 22 28 47,
128, 139, 140, 165, 208, 251 comparing ketorolac and parecoxib; 3 studies 12 133244 comparing
Celecoxib and diclofenac.,6 studies’: ® 10.37.58, 248 comparing Celecoxib and ibuprofen, and 2
studies 235 236 comparing Celecoxib and Ketorolac, these are summarised in Table 2 below.
Evidence from these studies is summarised in the clinical evidence summary below (Table
3).

See appendices for the study selection flow chart, study evidence tables, forest plots and
GRADE tables.

Excluded studies

See the excluded studies list in appendices.

© NICE 2020. All rights reserved. Subject to Notice of rights.
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2.9.3 Summary of clinical studies included in the evidence review

Table 24: Summary of studies included in the evidence review

Study

Intervention and comparison

NSAIDs compared to NSAIDs
Ibuprofen compared to diclofenac

Bakshi 199420

Joshi 2004103

Ibuprofen:

Ibuprofen 400mg
postoperatively (n=80)

Diclofenac:

Diclofenac dispersible 50mg
(n=83)

Rescue analgesia:
Unclear

Diclofenac:

Diclofenac 100mg given
preoperatively (n=29)

Ibuprofen:

Ibuprofen 600mg given 1 hour
preoperatively (n=31)

Rescue analgesia:

1g of paracetamol and codeine
30mg once in 6h (maximum 8
tablets a day)

Ibuprofen compared to naproxen

Population Outcomes

Patients up to the age of 65, e Pain scores
suffering from at least severe

pain after surgical extraction

of an impacted lower third

molar

Age - Mean (range):
Diclofenac: 27.7 (18-68);
Ibuprofen: 26.9 (18-60).

Germany

Patients ASA | or Il who e Pain score
were to have third molar

teeth removed under general

anaesthesia

Age - Mean (SD): Mean age:
26 (6)

United Kingdom

Comments
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Fricke 19936%°

Kiersch 1993111

Naproxen:

Patients were instructed to take
dose of study drug for
moderate pain. Patients
received Naproxen Sodium
440mg (n=81)

Ibuprofen:

Patients were instructed to take
dose of study drug for
moderate pain. Patients
received lbuprofen 400mg
(n=81)

Rescue analgesia:

Rescue medication taken but
not specified

Naproxen:

Naproxen sodium 220mg
following dental surgery when
patients are experiencing

moderate pain after extraction
(n=80)

Ibuprofen:

Ibuprofen 200mg following
dental surgery when patients
are experiencing moderate pain
after extraction (n=81)

Rescue analgesia:
Not specified

Ibuprofen compared to ketorolac

Uribe 20182%%°

Ibuprofen:

Patients aged above >15 in
good health, and
experiencing at least
moderate pain after surgical
extraction of three or four
third molars at least one of
which was a mandibular
partial or complete bony
extraction

Age - Mean (SD): Naproxen:
24.1 (6.8); Ibuprofen: 22.5
(4.5).

USA

Patients >15 years of age;
experiencing at least
moderate pain following
extraction of one or two bony
impacted third molars

Age - Mean (SD): Naproxen:
25.4 (6.9); Ibuprofen; 24.9
(6.3).

USA

Patients scheduled to
undergo arthroscopic knee

Pain scores

Pain scores

Dose of opioid < 6 hours
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Two doses of 800mg IV
ibuprofen. Subjects in the
ibuprofen group received
800mg of IV ibuprofen within 2h
prior to surgery and a repeated
second dose 4h after the initial
dose if they had not been
discharged (n=20)

Ketorolac:

A single dose of 30mg
ketorolac (15mg for subjects
>65 years of age). The
ketorolac group received
matching placebo at hour 0 and
4 and 30mg of IVketorolac at
the end of surgery (n=31)

Diclofenac and Ketorolac

Aftab 20083 Ketorolac:
During the postoperative period
received Ketorolac 30mg IV 8
hourly (n=30)

Diclofenac:

During the postoperative period
received Diclofenac 75mg IV
12 hourly (n=30)

Rescue analgesia:

Nalbuphine 0.1mg/kg was
administered to patients if pain
persistently remained above
two on visual analogue scale

Canadell-Carafi Ketorolac:
19903

surgery under general
anaesthesia who were 18
years and older

Age — Mean (SD):
Ibuprofen: 42.32 + 12.37;
Ketorolac: 44.6 + 13.03

USA

Patients ASA physical status e  Opioid consumption
land I, age ranged 45-50 , Adverse events
years undergoing

laparoscopic surgery

Age - Mean (SD): Ketorolac:
44.17 £ 12.05; Diclofenac:
43.50 + 12.56

Pakistan

Patients aged 18 - 65 e Pain score
suffering moderate to severe
pain following orthopaedic

(salvsN) sbnip Alorewwejjui-nue [epioals-uoy :saisabejue s dwis

IVYNIA 2Jed GA!lEJGdO!JSd



€9
'S1y6u Jo 82110N 01 103[gNnS panlasal sIybu I "020Z IDIN @

Christensen 20113°

10mg Ketorolac suppositories,
four times a day. (n=37)

Diclofenac:

Diclofenac 100mg
suppositories, given twice a
day (n=39)

Rescue analgesia:

Paracetamol 500mg two hours
after administration of study
medications

Ketorolac:

Ketorolac tromethamine 30 mg
was administered as an
intravenous (V) bolus injection
over 15 seconds into a pre-
placed cannula in the arm
(n=47)

Diclofenac:

IV diclofenac doses (3.75mg,
9.4mg, 18.75mg, 37.5 mg, or
75mg) was administered as an
intravenous ( 1V) bolus injection
over 15 seconds into a pre-
placed cannula in the arm
(n=255)

Rescue analgesia:

The most common rescue
medications taken were oral
ibuprofen 400-600 mg and a
combination oral analgesic

surgery (total hip
replacement, lumbar
arthrodesis)

Age - Mean (SD): Ketorolac:
41.9 (15.9); Diclofenac: 37.8
(16.8).

Spain

Subjects between 18 and 75
years of age who were
undergoing surgical
extraction of 1 or more third
molars (1 of which was a
fully or partially

impacted mandibular third
molar requiring bone
removal) were eligible for
enrolment. Subjects had to
have moderate or severe
pain within 6 hours after
completion of surgery, as
measured by a categorical
pain intensity scale
(moderate or severe
descriptor) and pain intensity
of 250 mm on a

100mmvisualanalog scale
(VAS)at baseline

Age - Mean (SD): 23.7 years

Pain score
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Chui 19954

Forrest 200287

Fredman 199598

containing hydrocodone 5 mg
and acetaminophen 500 mg
Ketorolac:

Ketorolac 30mg IM 30 - 90
minutes before surgery (n=25)

Diclofenac:

Diclofenac 75mg IM 30 - 90
minutes before surgery (n=25)

Rescue analgesia:
Parenteral pethidine given if
analgesia inadequate
Ketorolac:

Ketorolac, parenteral 90 mg
day for 2 days followed by oral
40 mg day for up to 7 days
(n=2585)

Diclofenac:

Diclofenac, parenteral 150 mg
day for 2 days followed by oral
150 mg day for up to 7 days

(n=2582)

Rescue analgesia:
Opioid given (not specified)
Ketorolac:

Thirty minutes prior to the end
of surgery, patients received
Ketorolac 60mg IM (n=19)

Diclofenac:

USA

Patients ASA | or Il
scheduled for elective
laparoscopic sterilization

Age - Mean (SD): Ketorolac:

33.5 (3.3); Diclofenac: 33.4
(4.4)

Hong Kong

Patients >18 years old
undergoing elective major

surgery

Age - Mean (SD): Ketorolac:
48 + 17; Diclofenac: 47 + 17.

49 hospitals in eight
countries across Europe

Patients ASA | or Il
undergoing laparoscopic
cholecystectomy

Age - Mean (SD): Ketorolac:

48 (16); Diclofenac: 55 (14)

Adverse events

Adverse events

Pain scores
Opioid consumption
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Gan 20127

Thirty minutes prior to the end Israel
of surgery, patients received
Diclofenac 75mg IM (n=20)

Rescue analgesia:

PCA device programmed to
deliver 1mg bolus of morphine
with a 6 minute lock out interval
with no basal infusion

Ketorolac: Patients scheduled for
ketorolac tromethamine abdominal or pelvic surgery

Ketorolac tromethamine 30 mg.
The first dose of study
medication (1 mL IV bolus) was 43
received by patients in all

treatment arms within this first USA
6-hour period. Subsequent

injections were received every

6 hours until discharge or until

patient withdrawal/

discontinuation from the study

(n=82)

Diclofenac:

Diclofenac 18.75 mg or 37.5
mg. The first dose of study
medication (1 mL IV bolus) was
received by patients in all
treatment arms within this first
6-hour period. Subsequent
injections were received every
6 hours until discharge or until
patient withdrawal/
discontinuation from the study
(n=173)

Age - Mean (SD): Mean age:

Adverse events
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Jakobsson 1996

Kostamovaara
1998116

Rescue analgesia:

Bolus IV morphine 5 mg,
titrated up to 7.5 mg after 30
min if analgesia was
inadequate

Ketorolac:

30mg Ketorolac IM given 10 -
20 minutes before anesthesia
(n=50)

Diclofenac:

75mg Diclofenac IM given 10 -
20 minutes before anesthesia
(n=50)

Rescue analgesia:

Paracetamol 1g was
administered rectally as pain
relief when requested. If
insufficient 3 - 5 mg of IV
morphine was administered

Ketorolac:

Ketorolac 30 mg as an i.v.
loading dose for 30 min
followed by infusion of
ketorolac 90 mg over 15.5 h
(n=28)

Diclofenac:

Diclofenac 75 mg i.v. loading
dose for 30 min followed by

infusion of diclofenac 75 mg

over 15.5 h (n=28)

Rescue analgesia:

Patients ASA | scheduled for e Adverse events

minor gynaecological e Length of stay
surgery

Age - Mean (SD): Ketorolac:
26 (7); Diclofenac: 25 (6)

Sweden

Patients ASA I-Ill patients, e Opioid consumption

aged 45-81 yr, undergoing e Adverse events
total hip replacement

Surgery

Age - Median (range):
Ketorolac: 65 (54-80);
Diclofenac 60 (45-77).

Finland
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Mony 201653

Morrow 1993158

PCA fentanyl 50 pg i.v :
infusion time was 5 min, lock-
out time was 5 min and
maximum dose was 300 ug h-1

Ketorolac:

received 30mg ketorolac
intramuscular injection 30
minutes preoperatively in the
deltoid region (n=25)

Diclofenac:

received 75mg diclofenac
sodium intramuscular injection
30 minutes preoperatively in
the deltoid region (n=25)

Rescue analgesia:

Ibuprofen 400mg for rescue
medication

Ketorolac:

single deep intramuscular
injection of ketorolac 30 mg into
the upper outer quadrant of the
buttock of the non-operated leg
(n=36)

Diclofenac:

single deep intramuscular
injection of diclofenac 75 mg
into the upper outer quadrant of
the buttock of the non-operated
leg (n=35)

Rescue analgesia:

Patients with bilateral e Pain scores
impacted third molar with

similar difficulty index in

healthy young adults of both

genders belonging to age

group of 20— 30 years,

willing to give written

informed consent were

included

Age - Other: mean age:

26.44.

India

Patients aged 18-60 years, e Pain scores
ASA | - Il, scheduled for

elective day case
arthroscopy of the knee joint.

Age - Mean (SD): Ketorolac:
30 (9.5); Diclofenac: 32
(10.7).

Northern Ireland
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O’Hanlon 199617°

Pertunnen 1999186

Intramuscular morphine
(Cyclimorph ‘10’) or oral
paracetamol/codeine (Precool)
at the discretion of the recovery
ward staff

Ketorolac:

Following induction patients
were received Ketorolac 30mg
IM (n=20)

Diclofenac:

Following induction patients
were received Diclofenac 75mg
IM (n=20)

Rescue analgesia:

Co-codamol 1g or IM
Cyclimorph 0.1ml/kg

Ketorolac:

The ketorolac infusion (0.6 mg
ml-1 in 0.9% NaCl) was started
with a bolus dose of 17 ml (=10
mg) in 30 min and continued
with a constant rate of 2 ml kg—
1/24 h for 48 h (n=10)

Diclofenac:

The diclofenac infusion (1 mg
ml—1 in 0.9% NaCl) was started
with a bolus dose of 17 ml (=17
mg) in 30 min and continued
with a constant rate of 2 ml kg—
1/24 h for 48 h (n=10)

Rescue analgesia:

Women ASA | or Il for either e  Pain score
inpatient Diagnostic

laparoscopy or laparoscopic

sterilization

Age - Mean (SD): Ketorolac:
30 (6.1); Diclofenac: 34 (7.7).

Northern Ireland

Patients ASA I-Ill adult e Opioid consumption
patients, less than 75 years
of age

Age - Mean (range):
Ketorolac: 40.6 (18—64);
Diclofenac: 50.3 (26-70).

Finland
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Tarkkila 19962

Morphine 2 mg ml-1 i.v. from a
patient-controlled analgesia
(PCA) device. The PCA device
was programmed to provide a
bolus dose of 30g/kg—1. The
lockout time was 5-10 min until
the first postoperative morning
and thereafter 10—12 min

Ketorolac:

After induction of anesthesia,
before surgical incision, the
patients received IV Ketorolac
Tromethamine 0.4mg/kg in
100ml 0.9% sodium chloride.
The same IV dose was given
three times at six hour intervals

(n=30)

Diclofenac:

After induction of anesthesia,
before surgical incision, the
patients received IV Diclofenac
sodium 1mg/kg in 100ml 0.9%
sodium chloride. This group
received a placebo after 6
hours, the same diclofenac
dose after a further 6 hours and
a placebo following those 6
hours (n=30)

Rescue analgesia:

Oxycodone 0.03mg/kg (four
hour maximum dose 0.4mg/kg
and lock out period of 5
minutes was administered via
PCA

Patients ASA I-1l patients e Opioid consumption
scheduled for maxillofacial e Adverse events
surgery

Mean age (SD): ketorolac:
30 £ 9; Diclofenac: 33 + 11

Finland
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Tarkkila 1999227

Walton 1993242

Ketorolac:

After induction of anesthesia
before surgical incision patients
received Ketorolac 30mg as an
IV infusion. In the ketorolac
group, the same i.v. dose was
repeated twice at 6-h intervals.
Duration intraoperatively to
POD1 (n=20)

Diclofenac:

After induction of anesthesia
before surgical incision patients
received Diclofenac 75mg as
an IV infusion. In the diclofenac
group, patients received
placebo (saline) after 6 h and
active drug (the initial dose)
after 12 h (n=20)

Rescue analgesia:

oxycodone 0.05 mg kg-1 i.v.
during the first 2 h after
operation (in the recovery
room) and thereafter 1.0 mg
kg—1 i.m. (on the ward)

Ketorolac:

Single intramuscular 3 ml
injection of 30 mg in the lateral
muscle of the thigh while still
under anaesthesia. 4 hours
after intramuscular dose the
patients received an oral dose
of the same medication at 10
mg TDS, and 10 mg QDS on
day 2 and 3 (n=101)

Patients ASA I-Il patients, e Adverse events
aged 16-50 yr, undergoing
elective tonsillectomy

Age - Mean (SD): Ketorolac:
31 (8); Diclofenac: 30 (10)

Finland
Adults aged 16-65 years e Pain scores
having surgery for the e Opioid consumption

extraction of impacted lower
third molars, possibly
involving bone removal
under general anaesthetic.

Adverse events

Age - Mean (range): Adults
aged 16-65 years.
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Diclofenac:

Single intramuscular 3 ml
injection of 75 mg in the lateral
muscle of the thigh while still
under anaesthesia. 4 hours
after intramuscular dose the
patients received an oral dose
of the same medication at 75
mg one dose plus placebo bd,
and 50 mg tds plus placebo
one dose on day 2 and 3
(n=50)

Rescue analgesia:
Paracetamol was used as
rescue medication throughout
trial

Cox-2 inhibitors compared to NSAIDs
Parecoxib compared to ketorolac

Barton 2002%?

Ketorolac:

Patients who developed a level
of pain that measured at least
45 mm on a visual analog scale
(VAS; ranging, 0—100 mm) and
a categorical pain intensity of
moderate or severe within 6 h
after discontinuation of patient-
controlled analgesia were then
randomized to receive one
intravenous dose of ketorolac,
30 mg (n=41)

Parecoxib:

Patients who developed a level
of pain that measured at least

United Kingdom

Women aged 18-64 year e Adverse events
requiring parenteral

analgesia for moderate or

severe pain after elective

total abdominal

hysterectomy or

myomectomy, but who were

otherwise generally healthy

Age - Mean (range):
Ketorolac: 40.8 (27-52);
Parecoxib: 42.8 (21-65).

USA
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Bikhazi 200428

45 mm on a visual analog scale
(VAS; ranging, 0—100 mm) and
a categorical pain intensity of
moderate or severe within 6 h
after discontinuation of patient-
controlled analgesia were then
randomized to receive one
intravenous dose of Parecoxib
(20 or 40mg) (n=77)

Rescue analgesia:

After surgery, patient-controlled
analgesia was provided with
morphine sulfate, 0.5-2
mg/dose, or meperidine
hydrochloride, 10-30 mg/dose,
with a 10-min lockout between
doses. Basal infusions of
morphine, 0.5-1.0 mg/h, or
meperidine hydrochloride, 10—
30 mg/h, were permitted in
addition to the patient-
controlled doses

Ketorolac:

Within 6 hours of discontinuing
PCA, patients were given 30mg
Ketorolac IV. Study medication
was readministered as required
at 6 hour intervals up to a
maximum of 120mg Ketorolac
per 24 hours. Patients had to
have moderate or severe pain
score on a visual analogue
scale >45mm (n=42)

Parecoxib:

Patients were 18-64 with a e Adverse events
body weight of at least 50kg.
They had undergone elective
total abdominal
hysterectomy (with or without
salpingo-oopherectomy or
minor bladder repair) or
myomectomy through a low
transverse or low midline
incision under general
anaesthesia.
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Daniels 200147

Leykin 200828

Within 6 hours of discontinuing
PCA, patients were given 20
OR 40mg Parecoxib 1V. Study
medication was readministered
as required at 6 hour intervals
up to a maximum of 80mg
Parecoxib per 24 hours.
Patients had to have moderate
or severe pain score on a
visual analogue scale >45mm
(n=81)

Rescue analgesia:

Unclear, only non-study
medications were given (as
rescue medications) before the
second administration of study
medications

Ketorolac:

Ketorolac 60mg IM, after
developing moderate to severe
postoperative pain after oral
surgery (n=51)

Parecoxib:

Parecoxib 20mg or 40mg IM,
after developing moderate to
severe postoperative pain after
oral surgery (n=101)

Rescue analgesia:
Not specified

Ketorolac:

Age - Mean (SD): Ketorolac:
44.7 (8.2); Parecoxib: 41.56
(7.58).

USA

Patients aged 18-64;
undergoing extraction of = 2
impacted third molars (=1 of
which was mandibular)
requiring bone removal.
Before enrolment patients
had to be experiencing
moderate to severe pain on
visual analogue scale within
6 hours of surgery.

Age - Other: (Mean age)
Ketorolac: 22.5; Parecoxib:
21.4

USA

Patients ASA | - 1I, aged 18 -
65, undergoing functional

Adverse events

Pain score
Opioid consumption
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Mehlisch 2003139

30mg of Ketorolac 15 minutes
prior to the end of
intraoperative remifentanil
infusion (n=25)

Parecoxib:

40mg of Parecoxib 15 minutes
prior to the end of
intraoperative remifentanil
infusion (n=25)

Rescue analgesia:

IV morphine 2mg at 10 minute
intervals until pain was
resolved and 2g IV
proparacetamol once left from
PACU

Ketorolac:

30mg of Ketorolac, within 6
hours of surgery completion
and having moderate or severe
postoperative pain (n=50)

Parecoxib:

20mg, 50mg, or 100mg or
Parecoxib, within 6 hours of
surgery completion and having
moderate or severe
postoperative pain (n=153)

Rescue analgesia:
Acetaminophen PO 1000mg;

Lortab PO (Hydrocodone 5mg
+ acetaminophen 500mg)

endoscopic sinus surgery / e Adverse events
Turbinate surgery

Age - Mean (SD): Ketorolac:
35 (11); Parecoxib: 32 (10).

Italy

Patients aged 218, in good e Adverse events
health and who had

undergone surgical

extraction of 2 or more

impacted third molars (one of

which was mandibular)

requiring bone removal and

were experiencing moderate

to severe pain within 6 hours

of surgery.

Age - Other: Mean age:
Ketorolac: 22.5; Parecoxib:
23.6.

USA
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Mehlisch 2004140

Ng 2004165

Lortab PO (Hydrocodone
7.5mg + acetaminophen
500mg) Demerol (IM -
Meperidine 50mg)

Phenergan (25mg
Promethazine)

Ketorolac:

Ketorolac 30mg IM if pain was
250mm on VAS within 6 hours
after surgery (n=51)

Parecoxib:

Parecoxib 20mg IM if pain was
=50mm on VAS within 6 hours
after surgery (n=50)

Rescue analgesia:

Oral acetaminophen 1,000 mg,
oral hydrocodone 5 mg, plus
acetaminophen 500 mg, oral
hydrocodone 7.5 plus
acetaminophen 500mg or IM
meperidine 50 mg plus
promethazine 25mg

Ketorolac:

Ketorolac 30 mg i.v., at
induction of anaesthesia (n=18)

Parecoxib:

Parecoxib 40 mg i.v. at
induction of anaesthesia (n=18)

Rescue analgesia:

Co-codamol 30/500 (codeine
phosphate 30 mg,

Patients aged 18 - 45 years,
undergoing surgical
extraction of two or more
impacted third molars
requiring bone removal. To
be recruited patients were
required to have moderate to
severe pain intensity within
the first 6 hours after
surgery.

Age - Other: mean age:
Ketorolac: 24; Parecoxib:
23.8

USA

Patients aged 20-50 yr and
undergoing laparoscopic
sterilization

Age - Mean (range):
Ketorolac: 35 (32-38);
Parecoxib: 34 (29-38).

United Kingdom

Pain scores

Pain scores
Adverse events
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Siribumrungwong
2015208

Wong 201025

acetaminophen 500 mgq) for
mild to moderate pain, and
morphine 10 mg i.m. for severe
pain

Ketorolac:

The ketorolac group received
30 mg of ketorolac
intravenously. All patients
received their medication 30
minutes before surgery from
the anaesthesiologist (n=32)

Parecoxib:

The praecox group received 40
mg of parecoxib intravenously.
All patients received their
medication 30 minutes before
surgery from the
anaesthesiologist (n=32)

Rescue analgesia:
paracetamol (500 mg) and
intravenous morphine for
rescue postoperative pain
control

Ketorolac:

received a loading intravenous
bolus of 30 mg ketorolac, then
90 mg ketorolac combined with
morphine in a PCA fashion
throughout the study course
(n=33)

Parecoxib:

When the parturient were
transferred to Post-Anesthesia

patients who were diagnosed
as lumbar disc herniation,
spondylolisthesis, spinal
stenosis, and had indications
for decompressive
laminectomy and fusion for
one to three levels; 18-80
years; ASA of -1l

Age - Mean (SD): Ketorolac:
58.2 + 9.5; Parecoxib: 58 +
8.6

Thailand

Patients aged 20 and 40
years of age, of ASA
physical status | or I,
weighing 60e90 kg, and
standing 155-170 cm.

Age - Mean (SD): Ketorolac:
30.7 = 4.4; Parecoxib: 30.8 +
5.6

Taiwan

Pain scores
Opioid consumption
Adverse events

Pain scores
Adverse events
Length of stay
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Recovery Room, patients
received an intravenous bolus
of 40 mg parecoxib as a
loading dose post-operatively;
then two subsequent bolus
doses of 20 mg parecoxib were
separately given at 24-h and
48-h intervals, after the initial
dose. (n=33)

Rescue analgesia:

morphine in continuing dose of
0.2 mg/h, and the bolus dose of
2 mg (each bag of basic PCA
solution contained morphine 50
mg in normal saline 250 mL)

Celecoxib compared to diclofenac

Argoff 2016%? Diclofenac:

Patients who reported pain
intensities 240mm were
randomized to receive either
low-dose SoluMatrix diclofenac
18mg or 35mg capsules three
times daily (n=216)

Celecoxib:

Patients who reported pain
intensities 240mm were
randomized to receive
celecoxib 400mg loading dose
followed by 200-mg capsules
twice daily (n=106)

Rescue analgesia:

Patients were permitted to
receive opioid-containing

Patients aged 18 to 65 years
old with a body mass index )
<40kg/m2 and a body weight
>45kg, and who experienced
moderate-to-severe pain
(>40mm/100mm by VAS)
following bunionectomy

surgery

Age - Mean (SD): 39.7 £
12.0 years

USA

Adverse events

(salvsN) sbnip Alorewwejjui-nue [epioals-uoy :saisabejue s dwis

IVYNIA 2Jed GA!lEJGdO!JSd



89
'S1y6u Jo 82110N 01 103[gNnS panlasal sIybu I "020Z IDIN @

Manvelian 2012133

Wattchow 2009244

rescue medication
(hydrocodone/acetaminophen
tablet 10mg/325mg every 4—6h
or oxycodone/acetaminophen
tablet 7.5mg/325mg every 6h)
up to six tablets per day

Diclofenac:

nano-formulated diclofenac 18
mg OR nano-formulated
diclofenac 35 mg in subjects
who experienced moderate to
severe pain intensity (a score
of 2 50 mmon a 100 mmVAS)
within 6 hours after surgery
(n=100)

Celecoxib:

Celecoxib 400mg in subjects
who experienced moderate to
severe pain intensity (a score
of 2 50 mmon a 100 mmVAS)
within 6 hours after surgery
(n=51)

Rescue analgesia:
acetaminophen 1,000 mg

Diclofenac:

Diclofenac (50 mg)
commencing one to 2 h prior to
surgery. For morning surgery, a
second dose was given at
2000; if afternoon, the next
dose was 08:00 h the following
day. (n=69)

Celecoxib:

Patients =18 years of age,
had a body weight >45 kg,
and a body mass

index = 35 kg/m2, if female,
were not preghant or
lactating and practicing an
acceptable form of birth
control or not of childbearing
potential

Age - Mean (SD):
Diclofenac: 22.2 + 4.9;
Celecoxib: 22.7 + 3.3

USA

Patients who will undergo
elective surgery that involved
substantial handling of the
intestines. Surgical
procedures included
laparotomy for colorectal
procedures (resections,
stoma formation or
relocation, reversal of

Pain scores

Pain scores
Adverse events
Length of stay
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Celecoxib (100 mg)
commencing one to 2 h prior to
surgery. For morning surgery, a
second dose was given at
2000; if afternoon, the next
dose was 08:00 h the following
day. (n=74)

Rescue analgesia:

PCA was given as a bolus
injection with morphine 1
mg/MmL (5 min lockout intervals).
Fentanyl (10 or 20 Ig/mL) was
used for patients who could not
tolerate morphine. Epidurals
were infused with Ropivicaine
(0.2%) and Fentanyl (2 or 4
Ilg/mL) at 2 to 6mL/h

Celecoxib compared to ibuprofen

Al-Sukhan 2012°

Akinbade 2018

Ibuprofen:

200mg Ibuprofen 1 hour before
surgery (n=45)

Celecoxib:

200mg Celecoxib 1 hour before
surgery (n=48)

Rescue analgesia:

1g paracetamol as rescue
medication if needed

Ibuprofen:

Ibuprofen 400mg every 8 hours
as needed for 48 hours as
needed. Amoxicillin 500mg 8
hourly and metronidazole

Hartman’s procedure) and
small bowel resections

Age - Mean (SD):
Diclofenac: 59 * 14;
Celecoxib: 65 + 14

Australia

Patients ASA |, aged 18 - 72,
scheduled to undergo
surgical removal of an
impacted mandibular third
molar

Age - Mean (SD): Ibuprofen:
29.1 (7.9); Celecoxib: 30.3
(5.5)

Finland

Patients with at least one
impacted mandibular third
molar that was indicated for
surgical extraction and
confirmed by radiographs
with the absence of

Pain scores

Pain scores
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Al-Sukhan 20111°

Cheung 2007°%"

400mg 8 hourly for 5 days
(n=45)

Celecoxib:

Celecoxib 400mg to start and
then 200mg every 12 hours for
48 hours as needed.
Amoxicillin 500mg 8 hourly and
metronidazole 400mg 8 hourly
for 5 days (n=45)

Ibuprofen:

400mg Ibuprofen 1 hour before
surgery (n=162)

Celecoxib:

200mg Celecoxib 1 hour before
surgery (n=147)

Rescue analgesia:

19 of paracetamol as rescue
medication if needed

Ibuprofen:

Patients received a single, oral
dose of ibuprofen 400 mg on
experiencing moderate or
severe pain with a baseline
pain intensity score >50 mm on
a 0-100-mm VAS within 6
hours of third molar extraction
(n=57)

Celecoxib:

Patients received a single, oral
dose of Celecoxib 400 mg on
experiencing moderate or

uncontrolled medical or
systemic conditions.

Mean age (SD):
Ibuprofen; 27.22 (7.13);
Celecoxib: 26.56 (6.29)

Nigeria

Patients ASA | scheduled to e Adverse events
undergo surgical removal of
a mandibular molar

ASA | scheduled to undergo
surgical removal of a
mandibular molar

Finland

Patients above 18 years and e Pain scores

in good health, who had e Adverse events
undergone surgical

extraction of

at least 2 impacted third
molar teeth (1 of which was
a fully or partially impacted
mandibular requiring bone
removal), had a baseline
pain intensity score of 250
mm on a 100-ram visual
analog scale (VAS), and
were experiencing moderate
or severe postsurgical pain.

(salvsN) sbnip Alorewwejjui-nue [epioals-uop :saisabejue sjdwis
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Doyle 2002%8

White 2011248

severe pain with a baseline
pain intensity score >50 mm on
a 0-100-mm VAS within 6
hours of third molar extraction
(n=57)

Rescue analgesia:

Rescue analgesia given but not
stated

Ibuprofen:

Ibuprofen liquate capsules
400mg (n=74)

Celecoxib:
Celecoxib 200mg (n=74)

Rescue analgesia:
Given but not specified

Ibuprofen:

received ibuprofen 400 mg (1
tablet) orally in the recovery
room and 400 mg orally at
bedtime on the day of surgery,
followed by 400 mg orally 3
times a day for 3 days after
surgery (n=60)

Celecoxib:

received celecoxib 400 mg (2
capsules) orally in the recovery
room and 1 placebo capsule at

Age - Mean (SD): Ibuprofen:
22.0 (4.7); Celecoxib: 21.4
(4.2).

USA

Patients scheduled to
undergo surgical removal of
one or more impacted third
molars were eligible for
inclusion. Patients must have
experienced at least
moderate pain.

Age - Mean (SD): Ibuprofen:
21.8 (6.0); Celecoxib: 21.1
(4.8).

USA

patients scheduled for
superficial (noncavitary)
surgical procedures (e.g.,
hernia repair, partial
mastectomy, or joint
arthroscopy)

Age - Mean (SD): Ibuprofen:
50 £ 13; Celecoxib: 48 + 13

USA

Adverse events

Pain scores
Adverse events
Functional measure
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bedtime on the day of surgery,
followed by celecoxib 200 mg
twice a day 3 days after
surgery. (n=60)

Rescue analgesia:

Patients complaining of
moderate-to-severe pain (VRS
score=4) were treated with
hydromorphone, 0.1 to 0.2 mg

V.
Celecoxib and ketorolac
Ulm 20172% Ketorolac: Patients undergoing robotic
merged with UIm Ketorolac during surgery 30 mg hysterectomy
2018%% intravenous and then 6 hourly
for 48 hours or until discharge Age - Mean (SD):
(n=70) Ketorolac group: 56.3 (11.3),
Celecoxib group: 55.1 (14.4).
Celecoxib:
Celecoxib 1 hour before USA

surgery at 400 mg and followed
by postoperative oral celecoxib
200 mg twice daily for 7 days
following discharge (n=68)

Rescue analgesia:

Scheduled preoperative and
postoperative Tylenol (975 mg
PO g 8 hours) and Gabapentin
(100 mg PO q 8 hours) as well
as postoperative intravenous
and oral narcotics as needed.

See appendices for full evidence tables

Pain scores
Opioid consumption
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2.9.4 Quality assessment of clinical studies included in the evidence review

Table 25: Clinical evidence summary: Naproxen versus Ibuprofen

re ajdwis

TOTPAR 6 hours 323 DPPO The mean totpar 6 hours in the control The mean totpar 6 hours in the intervention
(2 studies) MODERATEL1,2 groups was groups was
6 hours due to risk of 10.6 1.07 higher
bias (0.72 lower to 2.86 higher)
TOTPAR >6-24h 323 PPPHO The mean totpar >6-24h hours in the The mean totpar >6-24h hours in the
hours (2 studies) MODERATE1 control groups was intervention groups was
due to risk of 16.8 3.65 higher
bias (0.13 to 7.17 higher)
Pain relief (50% 162 OPPO The mean pain relief (50% resolved) in The mean pain relief (50% resolved) in the
resolved) (1 study) MODERATE1 the control groups was intervention groups was
24 hours due to risk of 0.4 0 higher
bias (0.11 lower to 0.11 higher)

1 Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if the majority of the evidence was at
very high risk of bias
2 Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs

Table 26: Clinical evidence summary: Ketorolac versus Diclofenac

)
F
)
)

R F A

Pain score <6 hours 160 Slelole) The mean pain score <6 hours = The mean pain score <6 hours in
(3 studies) MODERATE1 in the control groups was the intervention groups was
due to inconsistency 1.74 0.09 lower

(0.5 lower to 0.33 higher)

IVNIL :21ed aAneladolad
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Pain score >6-24
hours

Dose of Opioid <6

hours

Dose of Opioid 6-24

hours

Total Pain Relief
(TOTPARSG)

Mortality

Acute Kidney Injury

Surgical site bleed

Gastrointestinal bleed

Allergic reaction

(1 study)
24 hours hours

155
(3 studies)
6 hours

136
(3 studies)

378
(2 studies)
6 hours

5144
(1 study)
Postoperative

5144
(1 study)
Postoperative

5144
(1 study)
Postoepratively

5144
(1 study)
Postoperative

GIGISIS)

LOW2,3

due to risk of bias,
imprecision
(GIGIGIS)
MODERATE2
due to risk of bias

SPICISIS)

LOW2,3

due to risk of bias,
imprecision

S SISIS)

VERY LOW1,2,3

due to risk of bias,
inconsistency, imprecision

SSISPISIS) RR 1.79
LOW3 (0.6 to
due to imprecision 5.35)
SSISPISIS) RR 0.5
LOW3 (0.09 to
due to imprecision 2.72)
SSISPISIS) RR 1.05
LOW3 (0.67 to
due to imprecision 1.64)
SSISPISIS) RR 0.33
LOW3 (0.01to
due to imprecision 8.15)

The mean pain score >6-24
hours in the control groups was
0.25

The mean total pain relief
(totpar6) in the control groups
was

288.9

Moderate
2 per 1000

Moderate
2 per 1000

Moderate
14 per 1000

Moderate
0 per 1000

Moderate

The mean pain score >6-24 hours
in the intervention groups was
0.11 lower

(0.39 lower to 0.17 higher)

The mean dose of opioid <6 hours
in the intervention groups was
0.17 standard deviations lower
(0.49 lower to 0.14 higher)

The mean dose of opioid 6-24
hours in the intervention groups
was

0.36 standard deviations higher
(0.1 lower to 0.81 higher)

The mean total pain relief (totpar6)
in the intervention groups was
74.95 higher

(35.24 to 114.66 higher)

WNI4 :eJed eAneladonag

2 more per 1000 )
(from 1 fewer to 9 more) g

1 fewer per 1000
(from 2 fewer to 3 more)

1 more per 1000
(from 5 fewer to 9 more)
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Nausea

Vomiting

Nausea & Vomiting

Itching

Headache

Other adverse events

Length of stay (hours)

5144
(1 study)
Postoperative

463
(5 studies)
Postoperative

463
(5 studies)
Postoperative

110
(2 studies)
Postoperative

363
(4 studies)
stoperative

208
(1 study)
Postoeprative

5345
(3 studies)
Postoperative

100
(1 study)
Postoperative

SISO
LOW3
due to imprecision

SPIPISIS)
LOWS3

due to imprecision

DODO
MODERATES

due to imprecision

SYISISIS)

VERY LOW1,3
due to risk of bias,
imprecision
SPISISIS)

LOW3

due to imprecision

SPICISIS)

LOW2,3

due to risk of bias,
imprecision
SISISIS)

VERY LOW1,3

due to inconsistency,

imprecision

SIS IS
MODERATE3

due to imprecision

RR 1
(0.2 to
4.93)

RR 1.04
(0.78 to
1.39)

RR 1.34
(0.82t0
2.18)

RR 1.23
(0.68 to
2.21)

RR 0.77
(0.39to
1.5)

RR 1.84
(0.96 to
3.55)

RR 0.83
(0.24 to
2.82)

1 per 1000
Moderate
321 per 1000

Moderate
100 per 1000

Moderate
253 per 1000

Moderate
137 per 1000

Moderate
114 per 1000

Moderate
32 per 1000

The mean length of stay (hours)
in the control groups was

109 hours

0 fewer per 1000
(from 1 fewer to 4 more)

13 more per 1000
(from 71 fewer to 125 more)

34 more per 1000
(from 18 fewer to 118 more)

58 more per 1000
(from 81 fewer to 306 more)

32 fewer per 1000
(from 84 fewer to 68 more)

96 more per 1000
(from 5 fewer to 291 more)

5 fewer per 1000
(from 24 fewer to 58 more)

The mean length of stay (hours) in

the intervention groups was
2 lower
(12.58 lower to 8.58 higher)

(a) Downgraded by 1 or 2 increments because: The point estimate varies widely across studies, unexplained by subgroup analysis. The confidence intervals across studies
show minimal or no overlap, unexplained by subgroup analysis Heterogeneity, 12=50%, p=0.04, unexplained by subgroup analysis.

R T
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(b) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if the majority of the evidence was at very high risk of %’

bias.

(c) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs. -%
Q
=)

Table 27: Clinical evidence summary: Diclofenac versus lbuprofen 8

Pain score < 6 163 SlelolS) The mean pain score 6 hours in the The mean pain score 6 hours in the
hours (1 study) MODERATEL1 control groups was intervention groups was ‘
due to risk of 2.98 0.06 higher )

bias (0.72 lower to 0.84 higher) R

1 Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if the majority of the evidence was at
very high risk of bias ;
3

3

Q

S

- . <

Table 28: Clinical evidence summary: lbuprofen versus Ketorolac o

Dose of Opioid <6 51 DOPPHD The mean dose of opioid <6 hours inthe  The mean dose of opioid <6 hours in the
hours (1 study) HIGH control groups was intervention groups was
19.92 Milligrams 14.39 lower

(20.47 to 8.31 lower)

IVYNIH @Jed a/\umadouad
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Table 29: Clinical evidence summary: Ketorolac versus Parecoxib |2
Pain score <6 hours SlelolS) The mean pain score <6 hours in The mean pain score <6 hours in the :
(1 study) MODERATE1 the control groups was intervention groups was i
due to imprecision 6 0.3 lower ]
(2.27 lower to 0.67 higher) ]
Pain score 6-24 hours 64 OPHDHO The mean pain score 6-24 hours The mean pain score 6-24 hours in 1
(1 study) MODERATEL in the control groups was the intervention groups was 5
due to imprecision 5 0.3 lower -
(2.29 lower to 0.69 higher) ]
TOTPAR 6 hours 101 PPEHO The mean totpar 6 hours in the The mean totpar 6 hours in the 1
(1 study) MODERATE1 control groups was intervention groups was i
due to imprecision 12.6 2 higher ;
(1.06 lower to 5.06 higher)
TOTPAR 24hours 101 ODHDHO The mean totpar 24hours in the The mean totpar 24hours in the |
(1 study) MODERATEL1 control groups was intervention groups was
due to imprecision 47 7.6 lower 3
(19.43 lower to 4.23 higher)
Dose of Opioid <6 50 OPHOO The mean dose of opioid 6 hours The mean dose of opioid 6 hours in )
hours (1 study) LOW1 in the control groups was the intervention groups was j
due to imprecision 5 0 higher !
(2.25 lower to 1.25 higher)
Dose of Opioid 6 -24 64 PPPHO The mean dose of opioid 6 - 24 The mean dose of opioid 6 - 24 hours
hours (1 study) MODERATE1 hours in the control groups was in the intervention groups was
due to imprecision 4.9 1.5 higher
(1.4 lower to 4.4 higher)
Nausea 473 DOPPO RR 1.37 Moderate
(3 studies) ~ MODERATE1 (0.96t0 150 per 1000 56 more per 1000
zostoperatlv due to imprecision 1.95) (from 6 fewer to 143 more)

Vomiting Moderate
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539 SISISIS) RR 1.38 55 per 1000 21 more per 1000 ‘
(4 studies) VERY LOW1,2 (0.81to (from 10 fewer to 74 more) 3-
Postoperativ  due to risk of bias, 2.35)
e imprecision ]
Nausea & Vomiting 180 PPOO RR 0.88 Moderate
(3 studies) ~ LOW1. . (04910 121 per 1000 15 fewer per 1000 |
Postoperativ  due to imprecision 1.59) (from 62 fewer to 71 more) 5
e ]
Abdominal Pain 437 SIeICIS) Peto odds Moderate i
(4 studies)_ VERY LOW1,2,3 0.89 93 per 1000 10 fewer per 1000 L.
Postoperativ  due to risk of bias, (0.43 to (from 53 fewer to 81 more) i
e inconsistency, imprecision  1.87) ‘
Headache 421 SISISIS) RR 1.49 Moderate
(3 studies) VERY LOW1,2 (0.82 to 78 per 1000 38 more per 1000
Postoperativ.  due to risk of bias, 2.71) (from 14 fewer to 133 more)
e imprecision
Pruritis 152 OPHPHO Peto odds Moderate >
(1 study) MODERATE1 19.7 0 per 1000 Not estimable D
Postoperativ.  due to imprecision (0.31to 5
e 1250.54) !
Length of stay 66 DDDHO The mean length of stay in the The mean length of stay in the
(1 study) MODERATE2 control groups was intervention groups was
Postoperativ.  due to risk of bias 6 days 0 higher
e (0.31 lower to 0.31 higher)

IVYNIH @Jed SI\!IEJSdO!JSd

(a) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs.

(b) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if the majority of the evidence was at very high risk of
bias.

(c) Downgraded by 1 or 2 increments because: The point estimate varies widely across studies, unexplained by subgroup analysis. The confidence intervals across studies
show minimal or no overlap, unexplained by subgroup analysis Heterogeneity, 12=50%, p=0.04, unexplained by subgroup analysis.
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Table 30: Clinical evidence summary: Diclofenac versus Celecoxib

IS

VNI 18195 SI\!IEJSdO!JSd

TOTPAR 6 hours 151 SlelSIS) The mean totpar 6 hours in the The mean totpar 6 hours in the
(1 study) LOW1,2 control groups was intervention groups was I
due to risk of bias, imprecision 5.71 2.41 higher ]
(0.8 to 4.02 higher)
TOTPAR 6-24 151 DPHOO The mean totpar 6-24 hours in The mean totpar 6-24 hours in the
hours (1 study) LOW1,2 the control groups was intervention groups was
due to risk of bias, imprecision 14.61 2.69 higher
(2.19 lower to 7.57 higher) ]
Nausea 322 DPOO RR 1 Moderate
(Istudy) —— LOW2 (06810 574 per 1000 0 fewer per 1000 '
Postoperative  due to imprecision 1.46) (from 88 fewer to 126 more)
Vomiting 465 POOO RR0.95  Moderate ]*
(2 StUdIES). VERY LOW1,2,3 (063 to 179 per 1000 9 fewer per 1000
Postoperative  due to risk of bias, 1.44) (from 66 fewer to 79 more)
inconsistency, imprecision
Dizziness 322 DPOO RR0.98  Moderate )
(1 study) LOW2 . (0.49 10 104 per 1000 2 fewer per 1000 b
postoperative  due to imprecision 1.95) (from 53 fewer to 99 more) )
Headache 322 DPOO RR 1.25 Moderate
(1 study) LOW2 . (0.65t0 104 per 1000 26 more per 1000
postoperative  due to imprecision 2.41) (from 36 fewer to 147 more)
Pruritis 322 DPOO RR 1.23 Moderate
(1 study) LOW2 . (0-39t0 38 per 1000 9 more per 1000
postoperative  due to imprecision 3.82) (from 23 fewer to 107 more)

(a) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if the majority of the evidence was at very high risk of
bias.

(b) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs.

(c) Downgraded by 1 or 2 increments because: The point estimate varies widely across studies, unexplained by subgroup analysis. The confidence intervals across studies
show minimal or no overlap, unexplained by subgroup analysis Heterogeneity, 12=50%, p=0.04, unexplained by subgroup analysis.
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Pain score <6 hours 205

(2 studies)
Pain score 6-24 hours 205

(2 studies)
TOTPAR (6 hours) 46

(1 study)

TOTPAR (24 hours) 46
(1 study)

623
(4 studies)

Nausea

postoeprativ

e

314
(3 studies)

Vomiting

postoperativ

e

566
(4 studies)

Headache

Table 31: Clinical evidence summary: lbuprofen versus Celecoxib

CODD
HIGH1

CODD
HIGH1

SVISISIS)

VERY LOW1,2
due to risk of bias,
imprecision
SICISIS)

VERY LOW1,2
due to risk of bias,
imprecision
SIISIS)

LOW1

due to imprecision

RR 1.05
(0.72 to
1.53)

RR 0.99
(0.36 to
2.77)

(CISISIS)

VERY LOW1,2
due to risk of bias,
imprecision
(OISISIS)

VERY LOW1,2,3

Peto OR
0.48

. IVNIL :21ed aAneladolad

The mean pain score <6 hours in
the control groups was
2.5

The mean pain score 6-24 hours in
the control groups was
3.7

The mean totpar (6 hours) in the
control groups was
13.4

The mean totpar (24 hours) in the
control groups was
48.8

Moderate
95 per 1000

Moderate
17 per 1000

Moderate
339 per 1000

The mean pain score <6 hours in the
intervention groups was

0.23 higher

(0.35 lower to 0.81 higher)

The mean pain score 6-24 hours in
the intervention groups was

0.24 higher

(0.52 lower to 1 higher)

The mean totpar (6 hours) in the
intervention groups was

1.5 higher

(2.14 lower to 5.14 higher)

The mean totpar (24 hours) in the
intervention groups was

10.5 lower

(28.09 lower to 7.09 higher)

5 more per 1000
(from 27 fewer to 50 more)

0 fewer per 1000
(from 11 fewer to 30 more)

176 fewer per 1000
(from 41 fewer to 251 fewer)

re ajdwis
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postoperativ  due to risk of bias, (0.26 to
e inconsistency, imprecision  0.88)
Time to ambulation 120 olelele) The mean time to ambulation The mean time to ambulation ]
(minutes) (1 study) MODERATE1 (minutes) in the control groups was  (minutes) in the intervention groups
postoperativ.  due to imprecision 92 minutes was
e 4 lower

(14.02 lower to 6.02 higher)

(a) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs.

(b) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if the majority of the evidence was at very high risk of
bias.

(c) Downgraded by 1 or 2 increments because: The point estimate varies widely across studies, unexplained by subgroup analysis. The confidence intervals across studies
show minimal or no overlap, unexplained by subgroup analysis Heterogeneity, 12=50%, p=0.04, unexplained by subgroup analysis.

36nip Alorewiwrejjui-nue | |

Table 32: Clinical evidence summary: Ketorolac versus Celecoxib

Pain score 6 - 24 138 DHOO The mean pain score 6 - 24 hours in the The mean pain score 6 - 24 hours in the
hours (1 study) LOW1,2 control groups was intervention groups was

due to risk of bias, 2.4 0.3 higher

imprecision (0.29 lower to 0.89 higher)
Dose of Opioid 6 - 414 PPHPHO The mean dose of opioid 6 - 24h inthe = The mean dose of opioid 6 - 24h in the
24h (1 study) MODERATE1 control groups was intervention groups was

due to risk of bias 2.2 0.07 lower

(0.36 lower to 0.22 higher)

(a) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if the majority of the evidence was at very high risk of
bias.
(b) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs.

IVYNIH ZSJQO BI\!I'QJBdO!JBd
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See appendices for full GRADE tables

Table 33: Evidence not suitable for GRADE

Pain score <6 36 participants High
hours
Ng 2004 165
VAS (0-100)
60 participants Very high
Joshi 2004 103
Pain score <6 50 participants Low
hours
Leykin 2008 %28
Area under Curve
147 participants High
Walton 1993 242
Pain score 26 — 24 66 participants High
hours
Wong 2010 25¢
(VAS 0-10)
40 participants High
O’Hanlon 1996 17°
Total Pain relief 93 participants Very High
26 — 24
Al-Sukhan 2012 °
Scale 0-48
Pain score 26 — 24 50 participants Low
hours

Leykin 2008 %8
Area under Curve

Median (IQR)
Parecoxib: 5 (0-28)

Median (range)
Ibuprofen: 31 (0-100)

Median (range)
Ketorolac: 1.858 (0.078 -
5.281)

Mean
Ketorolac: 60.0

Median (range)
Parecoxib: 3.1 (0-5)
Median (IQR)
Diclofenac: 2.1 (2.6)
Median (range)

Ibuprofen: 16.9 (14.0-19.3)

Median (range)
Ketorolac: 2.306 (1.285-4.434)

Median (IQR)
Ketorolac:11 (1-28)

Median (range)
Diclofenac: 33 (0-100)
Median (range)
Parecoxib: 1.764 (0.072-3.925)
Mean

Diclofenac: 61.9
Median (range)
Ketorolac: 4.3 (0-8)
Median (IQR)
Ketorolac: 2.1 (2.7)
Median (range)

Celecoxib: 27.1 (24.0-29.7)

Median (range)
Parecoxib: 1.986 (0.875-3.889)

0.0029

0.005
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Perioperative care: FINAL
Simple anlagesics: Non-steroidal anti-inflammatory drugs (NSAIDs)

0.121

Median (IQR)
Ketorolac: 2 (0-5)

Median (IQR)
Parecoxib: 0 (0-0)

High

36 participants
Ng 2004165

Nausea
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2.10

2.11

2.11.1

Perioperative care: FINAL
Simple anlagesics: Non-steroidal anti-inflammatory drugs (NSAIDS)

Economic evidence.

Please see section 2.5.

Evidence statements

Clinical evidence statements

No outcomes were reported for health related quality of life or the following important
outcomes; psychological distress and mental well-being, symptom scores,length of stay in
intensive care and hospital readmission.

Naproxen versus Ibuprofen
Pain relief

Two studies showed no clinically important difference with the total pain relief up to six hours
between Naproxen versus lbuprofen postoperatively (2 studies, n=323, moderate quality
evidence)

Two studies showed a clinically important benefit with Naproxen for total pain relief from six
to twenty four hours postoperatively compared to ibuprofen (2 studies, n=323, moderate
quality of evidence)

One study showed no clinically important difference for Naproxen versus Ibuprofen when
assessing fifty percent of pain resolved pain relief (1 study, n=162, moderate quality
evidence)

Ketorolac versus Diclofenac
Pain relief

Three studies showed no clinically important difference for pain scores under six hours
between ketorolac and diclofenac (3 studies, n=160, moderate quality evidence)

One study showed no clinically important difference for pain scores from six to twenty four
hours between ketorolac and diclofenac (1 study, n=50, low quality evidence)

Two studies showed a clinically important benefit with ketorolac for total pain relief at six
hours postoperatively compared to diclofenac (2 studies, n=378, very low quality evidence)

Rescue medication

Three studies showed no clinically important difference between ketorolac and diclofenac in
the dose of opioid used up to 6 hours postoperatively (3 studies, n=155, moderate quality of
evidence)

Three studies showed no clinically important difference between ketorolac and diclofenac in
the dose of opioid used from six to twenty four hours postoperatively (3 studies, n=136,
moderate low quality of evidence)
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Adverse events

One study showed no clinically important difference between ketorolac and Diclofenac (1
study, n=5144, low quality evidence)

One study showed no clinically important difference between ketorolac and diclofenac for
acute kidney injury (1 study, n=5144, low quality of evidence)

One study which showed no clinically important difference between ketorolac and diclofenac
for surgical site bleed (1 study, n=5144, low quality of evidence)

One study was not estimable for gastrointestinal bleed between ketorolac and diclofenac (1
study, n=5144, low quality of evidence)

One study showed no clinically important difference between ketorolac and diclofenac for
rates of allergic reaction (1 study, n=5144, low quality of evidence)

Five studies which assessed nausea found no clinically important difference between
Ketorolac and Diclofenac (5 studies, n=463, low quality evidence)

Five studies found no clinically important difference between Ketorolac and Diclofenac for
rates of vomiting (5 studies, n=463, low quality evidence)

Two studies found no clinically important difference in nausea and vomiting together
between ketorolac and diclofenac (2 studies, n=110, very low quality evidence)

Four studies found no clinically important difference in rates of itching between Ketorolac and
Diclofenac (4 studies, n=363, low quality evidence)

One study showed no clinically important difference in rates of headache between ketorolac
and diclofenac (1 study, n=208, low quality evidence)

Three studies showed no clinically important difference between ketorolac and diclofenac in
rates of other adverse events (3 studies, n=5345, very low quality evidence)

Length of stay

One study found no clinically important difference in length of stay between Ketorolac and
Diclofenac (1 study, n=100, moderate quality of evidence)

Diclofenac vs Ibuprofen

Pain relief

One study found no clinically important difference between Diclofenac and Ibuprofen when
assessing postoperative pain scores at six hours (1 study, n=163, moderate quality
evidence)

Ibuprofen vs Ketorolac
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Perioperative care: FINAL
Simple anlagesics: Non-steroidal anti-inflammatory drugs (NSAIDS)

Rescue medication

One study found a clinically important benefit with Ibuprofen in the dose of opioid used under
six hours postoperatively compared to Ketorolac (1 study, n=51, high quality evidence)

Ketorolac vs Parecoxib
Pain relief

One study found no clinically important difference in postoperative pain scores at under six
hours between Ketorolac and Parecoxib (1 study, n=64, moderate quality evidence)

One study found no clinically important difference in postoperative pain scores at under six
hours between Ketorolac and Parecoxib (1 study, n=64, moderate quality evidence)

One study found no clinically important difference in total pain relief at under six hours
between ketorolac and parecoxib (1 study, n=101, moderate quality evidence)

One study found clinically important harm with Ketorolac in total pain relief from six to twenty
four hours compared to Parecoxib (1 study, n=101, moderate quality evidence)

Rescue medication

One study found no clinically important difference assessing the dose of opioid used at 6
hours postoperatively between ketorolac and diclofenac (1 study, n=50, low quality evidence)

One study found no clinically important difference in the dose of opioids used from six to
twenty four hours postoperatively between ketorolac and diclofenac (1 study, n=64, moderate
quality evidence)

Adverse events

Three studies assessing nausea found no clinically important difference between ketorolac
and parecoxib (3 studies, n=473, moderate quality evidence)

Four studies found no clinically important difference in vomiting rates between ketorolac and
parecoxib (4 studies, n=539, very low quality evidence)

Three studies showed no clinically important difference in nausea and vomiting between
ketorolac and parecoxib (3 studies, n=180, low quality of evidence)

Four studies found no clinically important difference in rates of abdominal pain between
ketorolac and parecoxib (4 studies, n=437, very low quality)

Three studies assesses rated of headache and found no clinically important difference
between ketorolac and parecoxib (3 studies, n=421, very low quality of evidence)
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One study which assessed pruritus could not estimate an absolute effect (1 study, n=152,
moderate quality evidence)

Length of stay

One study found no clinically important difference in length of stay between ketorolac and
parecoxib (1 study, n=66, moderate quality evidence)

Diclofenac vs Celecoxib

Pain relief

One study found no clinically important difference in total pain relief at six hours
postoperatively between diclofenac and celecoxib (1 study, n=151, low quality evidence)

One study found no clinically important difference in total pain relief from six to twenty four
hours postoperatively between diclofenac and celecoxib (1 study, n=151, low quality
evidence)

One study showed no clinically important difference in rates of nausea between diclofenac
and celecoxib (1 study, n=322, low quality evidence)

Two studies showed no clinically important difference in vomiting between diclofenac and
celecoxib (2 studies, n=465, very low quality evidence)

One study showed no clinically important difference in rates of dizziness between diclofenac
and celecoxib (1 study, n=322, low quality evidence)

One study showed no clinically important difference in rates of headache between diclofenac
and celecoxib (1 study, n=322, low quality evidence)

One study showed no clinically important difference in rates of pruritus between diclofenac
and celecoxib (1 study, n=322, low quality evidence)

Ibuprofen vs Celecoxib

Pain relief

Two studies found no clinically important difference in pain score under six hours between
Ibuprofen and Celecoxib (2 studies, n=205, high quality evidence)

Two studies found no clinically important difference in pain scores from six to twenty four
hours between Ibuprofen and Celecoxib (2 studies, n=205, high quality evidence)

One study assessing total pain relief at six hours found no clinically important difference
between ibuprofen and Celecoxib (1 study, n=46, very low quality evidence)
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One study assessing total pain relief from six to twenty four hours found no clinically
important difference between ibuprofen and Celecoxib (1 study, n=46, very low quality
evidence)

Adverse events

Four studies found no clinically important difference in rates of nausea between ibuprofen
and Celecoxib (4 studies, n=623, low quality evidence)

Three studies assessing rates of vomiting found no clinically important difference between
ibuprofen and Celecoxib (3 studies, n=314, very low quality)

Four studies found a clinically important with ibuprofen benefit in rates of headache
compared to Celecoxib (4 studies, n=566, very low quality)

Functional measures

One study assessing the postoperative time to ambulation (minutes) found no clinically
important difference between ibuprofen and celecoxib (1 study, n=120, moderate quality of
evidence)

Ketorolac vs Celecoxib

Pain relief

One study found no clinically important difference in pain scores between six and twenty four
hours postoperatively between ketorolac and celecoxib (1 study, n=138, low quality
evidence)

Rescue medication

One study assessing the dose of opioid used between six and twenty four hours
postoperatively found no clinically important difference between ketorolac and celecoxib (1
study, n=414, moderate quality evidence)

Evidence not suitable for GRADE

Parecoxib vs Ketorolac

Pain relief

One study showed a statistically significant benefit with parecoxib for pain score under six
hours compared to ketorolac (1 study) n=36, high risk of bias)

One study assessing pain score with area under the curve under six hours showed a trend to
benefit with ketorolac compared to parecoxib (1 study, n=50, low risk of bias)
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One study showed a trend to benefit with ketorolac assessing pain score with area under the
curve from six to twenty four hours compared to parecoxib (1 study, n=50, low risk of bias)

One study showed a statistically significant benefit with ketorolac for pain score from six to
twenty four hours compared to parecoxib (1 study, n=66, high risk of bias)

Adverse events

One study found no clinically important difference in rates of nausea between parecoxib and
ketorolac (1 study, n=36, high risk of bias)

Ibuprofen vs Diclofenac

One study assessing pain score under six hours found no notable difference in pain scores
between Ibuprofen and Diclofenac (1 study, n=60, very high risk of bias)

Diclofenac vs Ketorolac

One study showed a statistically significant difference between diclofenac for pain scores
less than six hours postoperatively compared to ketorolac (1 study, n=66, high risk of
bias)One study found no notable difference between diclofenac and ketorolac in pain scores
from six to twenty four hours (1 study, n=40, high risk of bias)

Ibuprofen vs Celecoxib

One study showed a trend to benefit with ibuprofen for total pain relief from six to twenty four
hours compared to Celecoxib (1 study, n=93, very high risk of bias)
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3.1

3.2

3.3

3.3.1

3.3.2

Perioperative care: FINAL
Opioid

Opioid

Review question 1: What is the clinical and cost
effectiveness of IV opioid compared to oral opioid given
post operatively in managing acute post-operative pain?

PICO table

For full details see the review protocol in appendices.

Table 34: PICO characteristics of review question
Adults (18 years and older) who have undergone surgery.
e |V (PCA) opioid
e Oral opioid
o Immediate release
o Modified release
CRITICAL:

o health-related quality of life
e pain reduction
o <6 hours post op
o > 6 hours- 24 hours post op
e amount of additional medication use
o <6 hours post op
o > 6 hours- 24 hours post op
e adverse events ( including respiratory depression, nausea, vomiting)
IMPORTANT:

e psychological distress and mental well-being
e symptom scores

e functional measures

e length of stay in intensive care

e length of stay in hospital

¢ hospital readmission

Randomised controlled trials and systematic reviews of randomised controlled
trials.

Clinical evidence

Included studies

Six randomised controlled trials were included in the review;*° 56 172 195 200 216 thege are
summarised in table 2 below. Evidence from these studies is summarised in the clinical
evidence summary below (Table 3).

See appendices for the study selection flow chart, study evidence tables, forest plots and
GRADE tables.

Excluded studies

See the excluded studies list in appendices.
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3.3.3 Summary of clinical studies included in the evidence review

Table 35: Summary of studies included in the evidence review

Study
Davis 20064°

Intervention and comparison

IV PCA: Patients received IV
PCA device with preservative
free morphine sulfate with a
continuous infusion 1 mg/ hr.
an additional 1-mg dose was
administered on patient
demand, with a lockout interval
of 6 minutes. After12 hours the
PCA was discontinued and oral
analgesia was begun with
oxycodone-acetaminophen
(5/325 mg), with to 2 tablets
permitted every 4 hours as
needed for pain.

N=47

Oral opioid (immediate
release): 2 tablets of
oxycodone-acetaminophen
immediately after completion of
caesarean delivery. For 12
hours after the procedure, 2
tablets of oxycodone-
acetaminophen were
administered at fixed intervals

every 3 hours. After 12 hours, 1

to 2 tablets were permitted
every 4 hours as needed for
pain, for a maximum of 12
tablets in 24 hours. After 24
hour study period, patients

Population

All patients aged 218 years
in Labour and Delivery for

planned caesarean delivery.

Mean age (SD):
PCA —31.5 (4.7)
Oral — 31.9 (4.5)

USA

Outcomes
e Pain score (VAS) 6 h
e Pain score (VAS) 24 h

e Adverse events (nausea)
6h

e Adverse events (nausea)
at 24 hours

e Hospital readmission

Comments
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Study

Dieterich 201256

ONG 2005172

Intervention and comparison
continued to receive oral
oxycodone-acetaminophen and
ibuprofen. all were discharged
with these oral agents.

N=46

IV PCA: Patients assigned to
PCA group received a single
use, IV PCA device (2mg
piriritramide/ml 0.9% saline,
Vygon, Medical products,
Aachen, Germany). A patient
initiated IV bolus injection
contained 1 mg piritramide with
a lock out interval of 5 min. The
maximum dose was limited to
30 mg piritramide equivalent to
40 mg oxycodone total dose.
the PCA was discontinued after
24 hours.

N=126

Oral opioid (immediate
release): Patients received 20
mg Oxycodone at fixed
intervals at 2 and 12 hours after
the CS

N=113

IV (not PCA): 50-mg/mL
injectable ampoules; injectable
tramadol was diluted to 2 ml
using physiologic saline. An
intravenous cannula was

Population

Main inclusion criteria were
CS in spinal anaesthesia, no
history of opioid or
metamizol treatment, written
consent and ability to use a
PCA device.

Mean age (SD)
PCA —29.8
Oral — 28.5(5.9)

Germany

72 patients undergoing
elective surgical removal of
impacted mandibular third
molars in an outpatient
setting participated in the

Outcomes

e Pain score (VAS) at 24
hours

e Pain score (VAS) at 8
hours

e Pain score (Global
assessment score) at 8
hours

Comments
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Study

Rothwell 2011195

Intervention and comparison
inserted into the antecubital
fossa or dorsum of the hand in
all patients for the
administration of drugs.

N=36

Oral opioid (immediate
release): 50 mg capsules given
15 min preoperatively.

N=36

IV PCA: IV morphine boluses
from the pump. The IVPCA
settings were 1 mg bolus, 5 min
lockout time and no loading
dose IV PCA patients
continued with the PCA until
either they wished to
discontinue it or they were
using 1mg/h™.

N=57

Oral opioid (modified
release): The OOXY group
were given oral OOXY slow
release (Oxycontin) 20 mg and
were reminded to ask for
additional oral analgesia when
required. OOXY patients were
given 20 mg controlled-release
OOXY (OxycontinTM) 12
hourly for 3 days or until they
wished to discontinue.

Population

study. All patients were ASA
class 1 and older than 16
years and had at least 1
impacted mandibular third
molar based on
orthopantomogram evidence

Mean age (SD)
IV —-25.3 (3.9)
Oral — 24.3 (4.3)

USA

Patients undergoing THR,
age 60-85 yr, ASA health
status class I-lll, and willing
to undergo spinal
anaesthesia.

Mean age (range)
PCA - 71 (60-79)
Oral opioid — 72 (60-79)

UK

Outcomes
e Amount of additional
medication

(Acetaminophen
consumption) during first
8 hours

e Pain (NRS at rest) at 24
h

e Adverse events (nausea
score Mean) at 24 h

Comments
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Study

Ruetzler 2012%

Striebel 1998216

Intervention and comparison
N=57

PCA: Patients assigned to PCA
were given a basal rate of 0.3
mg morphine per hour.
Demand dose was a 1 mg
bolus with a 5 min lockout, but
no other hourly limit.

N=26

Oral opioid (modified
release):

Patients assigned to oral group
were given 20 mg Targin
tablets at 12 h intervals,
corresponding to a daily dose
of 36 mg oxycodone. On their
demand or when VAS
exceeded 30 mm, patients
were given an additional 5 mg
oxycodone hydrochloride which
was repeated as necessary at
30 min intervals.

N=25
PCA: PCIA group (bolus 2.0
mg of morphine, lockout time
12 min, loading dose 2 mg,
maximal dose 10 mg/h)

N=32).

Oral opioid (Immediate
release): Oral opioid group
(maximal dose 20 mg of
morphine per 60 min, loading
dose 40 mg; ) A 4% aqueous

Population

51 patients scheduled for
elective conventional on-
pump cardiac surgery
requiring median sternotomy
between July 2011 and May
2012

Mean age (SD)
PCA — 63(14)
Oral — 67(15)

Austria

At least 1 day before
surgery, ASA physical status
| or Il patients undergoing
orthopaedic surgery (17 and
19 internal fixations, and 10
and 7 other procedures
(endoprosthesis, arthrodesis,
external fixation for PCOA
and PCIA

Mean age (SD)

Outcomes

e Adverse events(Nausea
+ vomiting) 3 days post
operatively

e Adverse events day 1

Comments
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morphine solution (40 mg/mL)

was used for PCOA.

N=32).

PCA — 43.7 (15.9)
PCOA - 39.9 (13.1)

Germany

3.3.4 Quality assessment of clinical studies included in the evidence review

Table 36: Clinical evidence summary: IV opioid versus oral (immediate release)

Pain (VAS) at >6 h

Pain (VAS) at 6-24 h

Pain (Global assessment score)
6-24 h

Adverse events (mean) at 6
hours

(1 study)
6 hours

404

3
studies)
6-24
Hours
72

(1 study)
8 hours

93
(1 study)
0-6 Hours

SISISIS)

VERY LOW1,2
due to risk of bias,
imprecision
SVISISIS)

VERY LOW1,2
due to risk of bias,
imprecision

(CIGISIS)
MODERATE3
due to
indirectness

(CISISIS)
LOW1
due to risk of bias

The mean pain (vas) at >6 h in the
control groups was
3.2

The mean pain (vas) at 6-24 h in
the control groups was
4.773

The mean pain (global
assessment score) 6-24 h in the
control groups was

11

The mean adverse events (mean)
at 6 hours in the control groups
was

0.2

The mean pain (vas) at >6 h in the
intervention groups was

0.9 higher

(0.02 to 1.78 higher)

The mean pain (vas) at 6-24 h in the
intervention groups was

0.88 lower

(1.25 to 0.52 lower)

The mean pain (global assessment
score) 6-24 h in the intervention
groups was

1.5 higher

(1.11 to 1.89 higher)

The mean adverse events (mean) at
6 hours in the intervention groups
was
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Adverse events (mean)at 24
hours

Adverse events

hospital readmission

additional medication
(acetaminophen consumption)6-
24 h

Amount of additional medication
( number of people)

93

(1 study)
6-24
Hours

60
(1 study)
1 days

93
(1 study)

72
(1 study)
8 hours

93
(1 study)
24 hours

(CISICIS)

VERY LOW1,2
due to risk of bias,
imprecision

(CISICIS)

VERY LOW1,2,3
due to risk of bias,
indirectness,
imprecision
(CISISIS)

VERY LOW1,2
due to risk of bias,
imprecision

DDDO
MODERATE2,3
due to
indirectness

S SISIS)

VERY LOW1,2
due to risk of bias,
imprecision

RR 0.33
(0.07 to
1.52)

Risk
differenc
el
(-0.04 to
0.04)

RR 0.73
(0.17 to
3.1)

The mean adverse events
(mean)at 24 hours in the control
groups was

1

Moderate
200 per 1000

Moderate
0 per 1000

The mean additional medication
(acetaminophen consumption)6-24
h in the control groups was

3.558

Moderate
87 per 1000

1.8 higher
(0.79 to 2.81 higher)

The mean adverse events (mean)at
24 hours in the intervention groups
was

0.7 lower

(1.32 to 0.08 lower)

134 fewer per 1000
(from 186 fewer to 104 more)

Not estimable

The mean additional medication
(acetaminophen consumption)6-24
h in the intervention groups was
1.74 lower

(2.36 to 1.11 lower)

23 fewer per 1000
(from 72 fewer to 183 more)

(a) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if the majority of the evidence was at very high risk of

bias.

(b) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs.
(c) Downgraded by 1 or 2 increments because the majority of the evidence included an indirect or very indirect Intervention.

proido

IVNIL :24ed aAneladolad



16
"Sjybui Jo 82110N 01 108lgNnSs "pantasal siybu |V "020Z IDIN ©

Table 37: IV opioid versus oral (modified release)

Pain (NRS) at 24 hours 110

(1 study)

24 hours
Adverse events (Mean 110
Nausea score) (1 study)

Adverse Events (Nausea, 50
Vomiting) (1 study)
3 days

(CIGISIS)
LOW1,2

due to risk of
bias

(CISICIS)
VERY LOW1,2
due to risk of
bias,
imprecision
(CISICIS)
VERY LOW1,2
due to risk of
bias,
imprecision

RR
1.27

(0.62
2.61)

The mean pain (nrs) at 24 hours in
the control groups was
1.65

The mean adverse events (mean
nausea score) in the control groups
was

0.59

Moderate

333 per 1000
to

The mean pain (nrs) at 24 hours in the
intervention groups was

0.08 higher

(0.77 lower to 0.93 higher)

The mean adverse events (mean
nausea score) in the intervention groups
was

0.11 higher

(0.38 lower to 0.6 higher)

90 more per 1000
(from 127 fewer to 536 more)

(a) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if the majority of the evidence was at very high risk of

bias.

(b) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs.

Table 38: Evidence not suitable for GRADE analysis: IV opioid versus Oral (Immediate release)

Amount of
additional

(239)
medication used

Dieterich 2012

Very high

Reported on a graph only

Proportion of patients that did
not need the additional
medication on day 1:

Reported on a graph only

Proportion of patients that did
not need the additional
medication on day 1:

proido
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Length of hospital
stay

Pain score (VAS)

Dieterich 2012
(239)

Very high

Striebel 2012 (60) Very high

Oxycodone group ~51 %

1-2 dispenses of additional
medication needed on day 1
Oxycodone ~32%

3 dispenses of additional
medication needed on day 1
Oxycodone ~11%

Proportion of patients that did
not need the additional
medication on day 2:
Oxycodone group ~76 %

1-2 dispenses of additional
medication needed on day 2
Oxycodone ~18%

3 dispenses of additional
medication needed on day 2

Oxycodone ~4%

Reported as overall mean —
4.2 days

Reported on graph only
~2 at hour 8 post operatively

PCA ~45%

1-2 dispenses of additional
medication needed on day 1
PCA~38%

3 dispenses of additional
medication needed on day 1
PCA~12%

Proportion of patients that did
not need the additional
medication on day 2:

PCA ~72%

1-2 dispenses of additional
medication needed on day 2
PCA~12%

3 dispenses of additional
medication needed on day 2
PCA~10%

Reported as overall mean — n/a
4.2 days
Reported on a graph only n/a

~2.1 at hour 8 post operatively
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Table 39: Evidence not suitable for GRADE analysis: IV opioid compared to Oral opioid (modified release)

Pain score (VAS) Ruetzler 2014 (51)

Length of stay at Ruetzler 2014 (51)
ICU

Length of hospital Ruetzler 2014 (51)
stay

See appendices for full GRADE tables.

Very high

Very high

Very high

Adjusted difference of means oral vs IV (98.7% CI)

3.4 (-4.3; 11.2)

Median (range): 1 day (1,2) for both groups n/a

Median (range): 8.5 days
(8,12)

Median (range): 9 days (8,11) n/a
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3.4

3.4.1

3.4.2

3.4.3

Perioperative care: FINAL
Opioid

Economic evidence

Included studies

No health economic studies were included.

Excluded studies

No relevant health economic studies were excluded due to assessment of limited
applicability or methodological limitations.

See also the health economic study selection flow chart in appendices.

Unit costs

The average daily costs of intravenous and oral opioids are provided in Table 40 to help aid
consideration of cost effectiveness. A breakdown of these costs is provided in the
appendices for the pain evidence review.

Table 40: Average daily costs of intravenous opioid and intravenous paracetamol

Analgesic Average daily cost per person (range)
Oral opioid £0.24 (£0.02 - £0.63)

Intravenous opioid £4.92 (£3.77 — £6.07)@

Patient controlled analgesia (opioid) £21.10 (£16.36 - £23.79)®@

Sources: British National Formulary, Accessed September 2019%%%; Electronic market information tool (eMIT),

Accessed September 201943

(@) Costs include disposable costs, see the appendices for the pain evidence review for a breakdown of these
costs.

© NICE 2020. All rights reserved. Subject to Notice of rights.
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3.4.4

Perioperative care: FINAL
Opioid

Evidence statements

Clinical evidence statements

No outcomes were reported for health related quality of life or the following important
outcomes; psychological distress and mental well-being, symptom scores and functional
measures.

IV opioid versus oral (immediate release)
Pain relief

One study found no clinically important difference in pain within 6 hours of surgery between
IV and oral opioid (1 study, n=93, very low quality evidence).

Three studies showed no clinically important difference between IV and oral opioid in pain at
6 to 24 hours of surgery (3 studies, n=404, very low quality evidence).

One study found a clinically important harm with 1V opioid in global pain score at 6 to 24
hours of surgery compared to oral opioid (1 study, n=82, moderate quality evidence).

One study found no clinically important difference between IV and oral opioid in additional
medication (acetaminophen) consumption (1 study, n=72, moderate quality evidence).

One study found no clinically important difference between IV and oral opioid in the number
of people requesting rescue medication (1 study, n=93, very low quality evidence)

Adverse events

One study found a clinically important harm with IV opioid in mean cases of adverse events
within 6 hours of surgery compared to oral opioid (n=93, low quality evidence),

One study found no clinically important difference between IV and oral opioid for mean cases
of adverse events from 6 to 24 hours postoperatively (1 study, n=93, very low quality
evidence).

One study found a clinically important benefit with IV opioid in cases of adverse events
compared to oral opioid (1 study, n=60, very low quality evidence).

Hospital admission

One study found no clinically important difference between IV and oral opioid in hospital
readmissions (1 study, n=93, very low quality evidence).

One study found no clinically important difference in additional medication (n=93, very low
quality evidene).

Outcome not suitable for GRADE anaylysis

One study showed no notable difference between IV and oral opioid in the amount of in
additional medication required (1 study, n=239, very high risk of bias)

One study showed no notable difference between IV and oral opioid in length of hospital stay
(1 study, n=239, very high risk of bias)

One study showed no notable difference between IV and oral opioid in pain score (1 study,
n=60, very high risk of bias)

IV opioid versus oral (modified release)

© NICE 2020. All rights reserved. Subject to Notice of rights.
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3.4.5

Perioperative care: FINAL
Opioid

One study found no clinically important difference between IV and oral opioid in pain within
24 hours of surgery (1 study, n=110, low quality evidene).

One study found no clinically important difference between IV and oral opioid in mean
nausea score (1 study, n=110, very low quality evidene).

One study found no clinically important difference between IV and oral opioid in cases of
nausea or vomiting (1 study, n=50, very low quality evidene).

Outcome not suitable for GRADE analysis

One study reported no notable difference between IV and oral opioid in pain scores (1 study,
n=51, very high risk of bias)

One study reported no notable difference between IV and oral opioid in length of ICU stay (1
study, n=51, very high risk of bias)

One study reported no notable difference between IV and oral opioid in length of hospital
stay (1 study, n=51, very high risk of bias)

Health economic evidence statements
¢ No relevant economic evaluations were identified.

© NICE 2020. All rights reserved. Subject to Notice of rights.
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3.5

3.6

3.7

3.7.1

3.7.2

Perioperative care: FINAL
Opioid

Review question 2: What is the most clinically and cost
effective opioid administration strategy?

PICO table

For full details see the review protocol in appendices.

Table 41: PICO characteristics of review question
Adults (18 years and older) who have undergone surgery.

e Interventions:

e |V PCA (morphine, fentanyl, oxycodone)

e Spinal opioid — one administration(diamporphine or/morphine +/-
bupivacaine/ levobupivacaine

e Continuous epidural (Fentanyl + Bupivacaine, Morphine + Bupivacaine)

e To each other

CRITICAL.:

¢ health-related quality of life
e pain reduction
o <6 hours post op
o > 6 hours- 24 hours post op
e amount of additional medication use
o <6 hours post op
o > 6 hours- 24 hours post op
e adverse events (including respiratory depression, nausea, vomiting)
IMPORTANT:

psychological distress and mental well-being
symptom scores

e functional measures

e length of stay in intensive care

e length of stay in hospital

e hospital readmission

Randomised controlled trials and systematic reviews of randomised controlled
trials.

Clinical evidence

Included studies

Twenty five randomised controlled trials were included in the review; 18: 26, 27, 30, 34,75, 89, 94, 114,
130, 132, 160, 174, 184, 190, 191, 198, 205, 215, 226, 229, 231, 247, 252, 258 these are Summarised in table 42 bE|OW.
Evidence from these studies is summarised in the clinical evidence summary below.

See appendices for the study selection flow chart, study evidence tables, forest plots and
GRADE tables.

Excluded studies

See the excluded studies list in appendices.

© NICE 2020. All rights reserved. Subject to Notice of rights.
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3.7.3 Summary of clinical studies included in the evidence review

Table 42: Summary of studies included in the evidence review
Study Intervention and comparison Population

Azad 20008 PCA: After arrival in the In all patients thoracotomy was
recovery room, patients in the  performed for lobectomy,
PCA group, who complained of resection of lung tissue or
pain, received intravenous transthoracalmediastinotomy.
loading doses of piritramid
0.05 kg-1. PCA was initiated
as soon as the reported
sufficient analgesia at rest and
seemed to be awake enough ~ Germany
for the PCA. PCA devices
were filled with piritramid 25mg
ml-1 and programmed to give
1ml bolus (2.5 mg) with 15 min
lockout interval and dose limit
of 25 mg within 4 hours.

N=25

Age range: 31 — 75 years

Continuous epidural:
Patients received a mixture of
bupivacaine 0.125 %/
ropivacaine 0.2% respectively
and fentanyl 4.5 pug mi* the
flow rate varied between 4 and
10 ml h* depending on the
location of the catheter and the
clinical demand.

N=25
Benzon 199326 PCA: Patients in the PCA Patients who were scheduled
group were given morphine to undergo thoracotomy and

through PCA device, 1mL per  who presented with no
demand dose. contraindication or objection to

Outcomes
e Pain
e Complications:
o Nausea and vomiting
e Length of stay

e Pain relief
e Complications:
o Nausea

Comments

pioido
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Study

Bialka 20182’

Intervention and comparison
N=18

Continuous epidural:
Patients in the Epidural group
received fentanyl in the
epidural infusion and saline
through the PCA machine.
5ml/hour.

N=18

PCA (morphine): Patients
assigned to the MOR group,
received boluses of 1-2 mg of
morphine until pain visual
analogic score (VAS) was at a
maximum of 3 in the PACU.
Afterwards the demand dose
was a 1-2 mg bolus with a 5
min lockout, but no hourly limit.
During the night, the basal rate
was increased to 2—4 mg per
hour.

N=35

PCA (oxycodone): Patients
assigned to the OXY group,
received boluses of 1 mg of
oxycodone until pain VAS
score was at a maximum of 3
in the PACU. Afterwards the
demand dose was a 1-2 mg
bolus with a 5 min lockout, but
no hourly limit. During the
night, the basal rate was
increased to 2—4 mg per hour.

Population

epidural postoperative
analgesia were enrolled after
verbal and written informed
consent.

Mean age (SD):
PCA: 60.1 (10.7)
Epidural: 56.4 (12.1)

USA
Patients aged between 18 and

77 years with ASA physical
status between 1 and 3.

Mean age (SD): 63 years (10)

Poland

Outcomes
o Vomiting

e Pain

Comments

PCA groups combined.

pioido

IVYNIA 2Jed GA!lE?JSdO!,ISd



90T
"Sybul Jo 910N 01 193[gNnSs "pansasal siybu || "020Z IDIN @

Study

Boylan 1998%°

Intervention and comparison
N=35

Continuous epidural: A
continuous epidural infusion
consisting of 0.1% bupivacaine
combined with 0.0006%
fentanyl with a rate according
to the modified Bromage
formula (0.8 mL/hour +0.05 mL
for every 5 cm of height above
150 cm for every spinal
segment) was started.

N=35

PCA: Postoperatively, PCA
patients received nurse-
administered morphine sulfate
for analgesia until they were
deemed able to use a PCA
infusion device, programmed
to deliver intravenous
morphine sulfate 1mg bolus,
with a 6 minute lock out period,
a 4 hour maximum dose of
30mg and no continuous
background infusion.

N=21

Continuous epidural:
Epidural Bupivacaine-
Morphine infusions (0.125%
Bupivacaine and 0.1mg/mi
morphine) were continued at
4ml/hour and adjusted in
response to patient status.
Inadequate analgesia (VAS >
4) was treated by a 5ml bolus

Population Outcomes

ASA | or Il patients undergoing e Complications:

elective infrarenal aortic o Nausea
aneurysm repair or

aortobifemoral bypass grafting. o Vomiting

Length of stay
Mean age (SD): 69 years (8.8)

Canada

Comments

pioido
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Study

Carli 20023

George19947°

Intervention and comparison
of epidural 0.25% Bupivacaine
and 0.05mf/kg morphine
followed by an increase in the
infusion rate by an increment
of 2ml/h.

N=19

PCA: Postoperative pain relief
was with PCA morphine
started at the end of surgery
and continued for 4 days after
surgery. The rate of infusion of
intravenous morphine was set
up at 1-2 mg every 5 min with
no background infusion and
increased if the visual analog
scale (VAS; 0-100 mm) at rest
was greater than 50. PCA was
discontinued on days 3—4 after
surgery if VAS on moving was
less than 30.

N=32

Continuous:

An epidural infusion of
bupivacaine 0.1% with 2 g/ml
fentanyl at a rate between 4
and 15 ml/h was started at the
end of surgery and continued
for up to 4 postoperative days.
N=32

PCA: Morphine was given by
one of the investigators at 1mg
per min intravenously to
maximum of 20 mg or until

Population

Adult patients undergoing
elective colorectal surgery for
nonmetastatic conditions

Mean age (SD):
Epidural 59 years (12)
PCA 62 years (12)

USA

Adult patients, ASA status | or
Il in the age range 20-74 years

and undergoing upper
abdominal surgery

Outcomes Comments

e Pain

e Functional score

e Length of hospital stay
e Hospital readmission

e Pain
Complications:
o Vomiting

pioido
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Study

Hausken 201989

Hubner 2015%

Intervention and comparison

patient was comfortable. The
PCA device was the activated.

N=11

Continuous: Received a 5 ml
epidural bolus of a mixture of
fentanyl 10 pg/ml with
Bupivacaine 02 %,. This was
followed by an Epidural
infusion of the same solution
initially at 5 ml/hr.

N=10

PCA: patients received IV
ketorolac 30mg 3 x daily on
post op days 0-3 (max 9
doses). IV ketorolac was
substituted with diclofenac 3 x
daily as tolerated. The IV-PCA
consisted of ketobemidone 1
mg per dose, 8 minute lockout,
max 7 doses per hour.

N= 66

Continuous: Thoracic
epidural — consisted of
Bupivacaine 1mg/ml, Fentanyl
2mcg/ml and Epinephrine 2
mcg/ml at a rate of 5-15ml/h
with 2 boluses of 5ml allowed
per hour.

N= 77

PCA: 1.V PCA with morphine 1
mg/ml, with bolus of 1 ml at
every 5 minutes and a locked
of 40 mg/4 hours was inserted

Population

Mean age (SD):
Epidural 43(14)
PCA 44 (21).

143 patients operated with
open liver resection between
Feb 2012- Feb 2016 within an
enhanced recovery
programme.

Age range 62.8 — 69.3

Norway

Patients undergoing

laparoscopic colorectal surgery

Mean age (SD):

Outcomes

Pain
ICU stay
Length of hospital stay

Complications — nausea
and vomiting
Readmission within 30
days

Additional medication use

Mortality
Length of hospital stay
Length of stay in HDU

Comments

Surgeons, nurses, patients all
un-blinded

pioido
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Study

Kjolhede 201914

Intervention and comparison
N=61

Continuous: A solution of
bupivacaine 0.1%, fentanyl 2
png/ml and adrenaline 2 pg/mi
was initiated in the epidural
group at a rate of 6-10 ml/h
(target: VAS<4) with bolus of 3
ml of the solution allowed
every 40 minutes (Patient
Controlled Epidural Analgesia)
N=67

Intrathecal morphine (ITM) -
The allocated intervention

of regional analgesic was
applied prior to commencing
the general anaesthesia. The
experimental treatment

group (the ITM) had an
intrathecal combination of a
single-dose isobar bupivacaine
15 mg, morphine 0.2 mg

and clonidine 75 ug, preferably
through a 25G spinal needle.

N =40

Epidural (EDA) - The EDA
group had the standard EDA
regime used in the hospital.
The EDA was performed by a
low thoracic puncture. The
epidural infusion was started
after induction of the general

anaesthesia but before surgery

Population
PCA: 61.2 years (17.8)
Epidural: 63.1 years (15.1)

Switzerland

Eighty women patients, 18—70
years of age, ASA grade | and
Il, admitted consecutively to
the department of Obstetrics
and

Gynaecology in an ERAS
programme after midline

laparotomy for proven or

assumed gynaecological

malignancies.

Sweden

Outcomes
e Readmission

e Pain

e Length of stay

e QOL

e Consumption of additional
medication

Comments

Comments
Epidural + additional PCA

For the EDA group the
possibility of additional patient-
controlled bolus doses of
bupivacain 1 mg/mL+adrenalin
2 ug/mL+fentanyl

2 ug/mL were started
postoperatively at the
postoperative care unit and
continued until the morning of
the third postoperative day.
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Study

Liu 1995130

Madej 1992132

Intervention and comparison

by a bolus dose of fentanyl
50-100 pg and a bolus from a

mixture of bupivacaine 2.4

mg/mL, adrenalin 2.4 ug/mL
and fentanyl 1.8 ug/mL. The
same mixture was used as a

continuous infusion, typically
4-8 mL/hour, throughout

surgery.
N= 40

PCA: Received 5mg morphine
intravenously after induction of
GA. PCA morphoine was
begun in the postanaesthesia
care unit after an initial loading
dose. Initial settings were dose
of 1 mg with lockout interval of
10 minutes. Analgesia at rest
was titrated to a verbal pain
score <5/10 with adjustments
to PCA setting.

N=12

Continuous: 3 ml 0.75%
bupivacaine containing
epinephrine (15 ug) followed
by additional 7 ml 0.75%
bupivacaine and 2mg
morphine. Continuous epidural
infusion of plain bupivacaine
0.1% with morphine 0.03
mg/ml-1 at a rate of 10ml/h-1.
N=12

PCA: Self-administered i.v.
diamorphine at a maximum

Population

Patients scheduled to undergo
partial resection of the colon.

Mean age (SE): 62.5 years (1)

USA

Patients scheduled to undergo
total abdominal hysterectomy.

Outcomes

Pain

Complications:

o Nausea

Pain

Comments

pioido
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Study

Motamed 1998160

Owen 1993174

Paulsen 2001184

Intervention and comparison
rate of 1 mg every 5 min using
a Graseby Patient Controlled
Analgesia System.

N=10

Continuous: Received an
extradural infusion of 0.15%
bupivacaine with 0.01%
diamorphine 4-6 ml/h.
N=20

PCA: Intravenous morphine (1
mg bolus, 5-min lock-out and
maximum dose 20 mg 4h-1).

N=30

Continuous: An extradural
infusion of 0.125%
bupivacaine with morphine
0.25 mg/ml-1 was given at the
rate of 10 ml/h-1.

N=30

PCA: Fentanyl bolus dose 25
ug with a 15 min lockout
interval from a PCA pump.

N=12

Continuous: Fentanyl 50ug/h
L (10ug/mlI?) along with nurse-
administered fentanyl boluses
of 25ug.

N=15
PCA: Morphine was used at a
dose of mg IV every 10

Population

Mean age (SD): 58.4 years
(14.6)

UK

Patients ASA | or Il aged 18-70
years, due to undergo major
abdominal surgery for cancer
(midline or bisubcostal
incision).

Mean age (SD): 58 years (10)

France

Patients aged between 18 and
75 years, ASA physical status
1 or 2 who were scheduled to
undergo elective surgery
through an upper abdominal
incision.

Mean age (SD): 54 years (15)
Australia

Men or women ages 218 who
were scheduled to undergo an

Outcomes

e Complications:
o Vomiting

e Pain
Additional medication use

e Pain

e Pain

Comments

No supplementary analgesic

was given during the first 48 h;
if this was needed, the patient
was withdrawn from the study.

pioido

IVYNIA 2Jed GA!lEZJSdO!JSd



21T
"SJybul Jo 92110N 01 109[gnS "pansasal sybll 1Y "020Z IDIN @

Study

Radovanovic
201710

Intervention and comparison
minutes with a 2mg every 4
hour lockout period.
Meperidine hydrochloride was
used at a dose of 10mg IV
every 10 minutes with a
240mg every 4 hour lockout if
the patient was allergic or
could not tolerate morphine. if
pain was not adequately
controlled, then basal rates
were started at a dose of
1mg/hour for those receiving
morphine and 10mg/hour for
those receiving meperidine
hydrochloride.

N=25

Continuous:

Postoperatively, epidural
catheters were infused with
fentanyl 5ug/ml and
Bupivacaine 1mg/ml at a
10ml/hr for patients taller than
68 inches and 8ml/hour for
those less than 68 inches tall.

N=24

PCA: Rate of infusion of iv
morphine was set up at a
bolus dose of 1-2 mg, lockout
interval of 8 min, max 3
doses/h, with no background
infusion. If VAS at rest was
greater than 5, the lockout
interval was reduced to 6
minutes, max 4 doses/h. If
inadequate analgesia

Population

elective small bowel or colon
resection with a primary
anastomosis.

Mean age (SD):
PCA 65.1 years (12.2)
Epidural 61.3 years (13.4)

USA

ASA physical status I-1ll,
signed informed consent to
participate in the study, and
elective open colorectal cancer
surgery performed.

Mean age (SD):
PCA: 64.18years (9.90)
Epidural: 65.88 years (10.00)

Outcomes

Length of hospital stay

Length of hospital stay

Comments
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Study

Rauck 199411

Intervention and comparison
persisted, the bolus dose was
increased in 0.5mg increments
every second hour.

N=30

Continuous: Epidural infusion
of levobupivacaine 1 mg/mL
with fentanyl 3 ug/mL and
adrenaline 2 ug/mL at a rate
between 5 and 10 mL/h was
started at the end of surgery
and continued for up to
postoperative day (POD) 3
N=30

PCA: As the peritoneum was
closed, patients received a
bolus of 0.07mg/kg of
morphine sulphate.
Subsequent epidural injections
of 2-5mg were administered on
demand. A minimum of 60
minute delay between doses
was used, based on peak
analgesia data of epidural
morphine.

N=15

Continuous: As the
peritoneum was closed,
patients received a bolus of
0.03mg/kg of morphine

sulphate and were immediately

started on 0.01% morphine
sulphate at 005mg/h-1.
Infusion was titrated to

Population

Serbia

ASA status I-Ill patients
undergoing upper abdominal
surgery.

Mean age (range): 44 years
(18-79)

USA

Outcomes

Pain

Complications:

o Nausea and vomiting
Length of stay

Comments

Different doses of morphine
given at surgery close.
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Study

Royse 20031%8

Senturk 2002205

Intervention and comparison
maintain adequate pain relief
and minimise side effects.
N=15

PCA: Patient controlled
intravenous morphine (1 mg
bolus with 5 minute lockout
period), which was continued
until 6:00 am on postoperative
day 3.

N=40

Continuous: Ropivacaine
0.2% with fentanyl 2ug/mL was
infused at a rate of 5 to 14 mL
per hour, adjusted to attain a
sensory blockade of T1 to T10,
and was ceased at 6:00 am on
postoperative day 3

N=40

PCA: Patients received IV-
PCA with morphine with a 5-
mg initial dose, no basal
infusion, and a 2-mg bolus
dose with a 15-min lock-out
time.

N=28

Continuous:10-mL bolus of a
solution of bupivacaine 0.1%
plus 0.1 mg/mL morphine in
saline was administered,
followed by a 7mL/h infusion of
the same solution
continuously.

N=29

Population

Patients undergoing Coronary
artery bypass graft.

Mean age (SD):
Epidural: 64.2 years (9.3)
PCA: 65.1 years (10.8)

Australia

ASA status |-l patients
undergoing thoracotomy.

Mean age (SD):
PCA: 50 years (11)
Epidural: 50.57 years (10.2)

Turkey

Outcomes Comments

e Pain
e Depression

e Psychological distress and
mental well-being

e Length of hospital stay
e ICU length of stay

e Pain
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Study
Steinberg 20022%°

Intervention and comparison

PCA: On arrival in the PACU,
patients received boluses of IV
morphine (2 to 3 mg every 3 -
5 minutes) as needed to
achieve a verbal pain score
below 50 (on a scale of 0 to
100) at rest. A PCA device
was then connected. The
device delivered 1mg IV bolus
doses of morphine with an 8
minute lock out time. If
analgesia was inadequate
(verbal pain score >50/100),
the lockout interval was
reduced to 6 minuted. If
inadequate analgesia
persisted, the bolus dose was
increased to 0.5mg increments
every second hour. No
background infusion was
allowed. Treatment with PCA
was continued until the
predetermined discharge
criteria of adequate pain
control with oral medication
was met or for a maximum of 6
days.

N=21

Continuous: Continuous
epidural infusion of the solution
of ropivacaine 2mg/ml plus
fentanyl 2ug/ml was
commenced at a rate of
8ml/hour within 1 hour after
induction of general

Population

ASA < |V; 18 - 80 years of
age; weight 50 - 110kg.

Mean age (SD):
PCA: 61 years (15)
Epidural: 61 years (10)

USA

Outcomes

Length of hospital stay
Complications:

@)
@)

Nausea
Vomiting

Comments
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Study

Intervention and comparison Population
anesthesia and continued
during the surgical procedure.
On arrival to PACU, the rate of
epidural infusion was reduced
to 4ml/hr. In case of
inadequate pain relief, defined
as verbal pain score at rest of
50 or above (on a scale of O -
100), a bolus injection of 5mi
of epidural solution
(ropivacaine 2mg/ml plus
fentanyl 2ug/ml) was
administered after 15 minutes
and if necessary a second
bolus injection was given after
30 minutes. If analgesia was
inadequate after 2 bolus
injections, a test dose of 4 to 6
ml of ropivacaine 7.5mg/ml
was administered and the
sensory block level checked.

In addition to receiving the
continuous epidural infusion,
the patient was able to obtain
additional bolus injections by
using a patient controlled
epidural analgesia device set
to deliver 2ml or ropivacaine /
fentanyl infusion with a lock
out of 15 minutes. If the patient
had insufficient pain relief
despite pressing the PCEA
button more than once per
hour, the basal infusion rate of
ropivacaine/fentanyl infusion
was increased in increments of
2mL/hr.

Outcomes

Comments
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Study

Taqgi 2007226

Tenenbein 200822°

Tsui 1997231

Intervention and comparison
N=20

PCA: Postoperative pain relief
was with PCA using
intravenous morphine started
at the end of surgery and
continued up to 3 days after
surgery. The PCA was set up
at 1 to 2 mg every 5 min with
no background infusion, and
was increased if the VAS at
rest exceeded 5.

N=25

Continuous: An epidural
infusion of Bupivacaine 0.1%
with 3 pug/ml fentanyl at a rate
of 5 to 15 ml/h was started at
the end of surgery and
continued up to 3
postoperative days.

N=25

PCA: 1.0mg iv boluses with a
five-minute lockout for 48 hr

N=25

Continuous: 0.2%
ropivacaine, with 15 pg-mL-1
of hydromorphone

N=25

PCA: Patients received
incremental IV boluses of
morphine 1mg every 5 minutes

Population Outcomes

Scheduled to undergo elective e  Pain

laparoscopic colorectal surgery Length of hospital stay
for benign and malignant

. e R mission
colorectal lesions eadmissio

e Complications:

Mean age (SD): o s
PCA: 61.24 years (14.91) o Vomiting
Epidural: 65 years (16.18)

Canada

Patients less than 80 yr of age, e Pain
who were deemed appropriate

for the facilitated recovery
program.

Mean age (SD):
PCA: 60.8 years (9.4)
Epidural: 60.1 years (6.3)

Canada
ASA | or Il female patients e Complications:
scheduled for gynecological o Nausea

lower abdominal operations o Vomiting

Comments
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Study

Wheatley 1990247

Intervention and comparison
in the recovery room, to
achieve a VRS at rest of 3 or
less. PCA morphine was then
commenced using a Graseby
Model 3300 PCA pump:
morphine concentration
1mg/ml: PCA bolus 1mg;
lockout interval 5 minutes and
one hour maximum dose
0.1mg/kg. No basal infusion
was given.

N=54

Continuous: Epidural infusion
of bupivacaine 0.0625% and
fentanyl 3.3pg/ml in normal
saline at 10ml/h using a
Graseby 3100 syring pump,
commencing intraoperatively
30 minutes after the first bolus
dose of bupivacaine.

N=57

PCA: Patients self-
administered i.v. diamorphine
at a maximum rate of 1 mg
every 20 min, commenced
within 1 hour of surgery

N=10

Continuous: Extradural
diamorphine in doses of 3.6
mg in saline 9 ml administered
by the anaesthetist or senior
nursing staff as requested by
the patient. This was repeated

Population
through a vertical midline
incision.

Mean age (SD):
PCA: 48 years (11)
Epidural: 51 years (16)

Hong Kong (China)

Patients scheduled for general
anaesthesia and lower
abdominal surgery

Mean age (range):
PCA: 40.2 years (28-51)
Extradural 43.2 years (35-52)

UK

Outcomes

(@]

Respiratory depression

Pain
Complications:

o

Vomiting

Comments
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Study

Wongyingsinn
2012252

Zejun 2018258

Intervention and comparison
as necessary during the 24
hour period.

N=10

Spinal: Isobaric bupivacaine
0.5% (10mg) together with
preservative-free morphine
was injected. The dose of
morphine was based on
patient’s age, with 200ug in
patients aged <75 yr and
150ug in patients aged >75 yr
N=25

PCA: Patients received i.v.
morphine delivered via a PCA
pump to deliver 1 mg every 7
min with no background
infusion, which was set up in
the post-anaesthesia care unit
(PACU)

N=25

PCA: Sufentanil was inserted
at 2 ug/hour. A bolus of 2 mL
was allowed every 15 minutes
up to a maximal dose of 10
pg/hour.

N=50

Continuous: Intraoperative: if
there were no signs of
intravascular or intrathecal
administration, a 510 mL
dose of ropivacaine 2.5 mg/mL
(12.5-25 mg) was injected
through the epidural catheter.

Population

All patients undergoing
elective laparoscopic colon
resection and >18 yr were
enrolled in the study.

Median age (IQR):
Spinal: 65 years (39-85)
PCA: 65 years (34-83)

Canada

Patients qualified for VATS
lobectomy as a result of
cancer; aged 18-70 years; of
either gender; and ASA status
[-I11.

Mean age (SD):
PCA: 54.9 years (11.7)
Epidural: 57.8 years (8.1)

China

Outcomes

Comments

Pain

Length of hospital stay
Readmission
Complications:

o Nausea

o Vomiting

o Respiratory depression

Length of hospital stay
Complications:

o Nausea

o Vomiting

pioido

IVYNIA 2Jed GA!lEZJSdO!JSd



0cT
's)ybu Jo @2noN 01 193lgns “paniasal SIybu IV "020Z ADIN ®@

Postoperative: When the
surgery was completed, a
solution of ropivacaine (0.15%)
and sufentanil (0.2 yg/mL) was
initiated in the Thoracic
Epidural Analgesia group at a
rate of 5-10 mL/hour (target:
visual analogue scale [VAS]
score < 4) with a bolus of 5 mL
of the solution allowed every
40 minutes (patient-controlled
epidural analgesia).

N=49

See appendices for full evidence tables.

3.7.4 Quality assessment of clinical studies included in the evidence review

Table 43: Clinical evidence summary: PCA compared to continuous epidural for post-operative pain management

Pain: VAS (6 hours)
Scale from: 0 to 10.

Pain: VAS (12 hours)
Scale from: 0 to 10.

272 SPISISIS)

(5 studies) VERY LOW1,2,3
due to risk of bias,
inconsistency,
imprecision

164 SICISIS)

(3 studies) LOW1,2
due to risk of bias,
imprecision

The mean pain: vas (6 hours) in
the control groups was
2.11

The mean pain: vas (12 hours) in

the control groups was
1.7

The mean pain: vas (6 hours) in the
intervention groups was

1.51 higher

(0.66 to 2.36 higher)

The mean pain: vas (12 hours) in
the intervention groups was

0.96 higher

(0.52 to 1.4 higher)
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Pain: VAS (24 hours)
Scale from: 0 to 10.

Pain: VAS (48 hours)
Scale from: 0 to 10.

Pain relief: TOTPAR (24
hours)

Pain relief: TOTPAR (48
hours)

Total medication
(Morphine)

Depression

Post-traumatic Stress

726
(8 studies)

654
(7 studies)

34
(1 study)

34
(1 study)

57
(1 study)
2 days

52
(1 study)
6 weeks

52
(1 study)
6 weeks

SPISISIS)

VERY LOW1,2,3
due to risk of bias,
inconsistency,
imprecision
ISISIS)

VERY LOW1,2,3
due to risk of bias,
inconsistency,
imprecision
DODD

HIGH

SPICISIS)
MODERATE1
due to imprecision

(CIIGIS)
MODERATE2
due to risk of bias

SPICISIS) RR 1.59
MODERATE2 (0.44 to
due to risk of bias 5.67)
DDPOO RR 2.94
LOW1,2 (0.85to0
10.13)

The mean pain: vas (24 hours) in
the control groups was
0.96

The mean pain: vas (48 hours) in
the control groups was
0.57

The mean pain relief: totpar (24
hours) in the control groups was
14.7

The mean pain relief: totpar (48
hours) in the control groups was
16.2

The mean total medication
(morphine) in the control groups
was

11.9 mg

Moderate
130 per 1000

Moderate
103 per 1000

The mean pain: vas (24 hours) in
the intervention groups was

1.33 higher

(0.60 to 2.05 higher)

The mean pain: vas (48 hours) in
the intervention groups was

1.26 higher

(0.68 to 1.83 higher)

The mean pain relief: totpar (24
hours) in the intervention groups
was

1.9 lower

(2.94 to 0.86 lower)

The mean pain relief: totpar (48
hours) in the intervention groups
was

2.8 lower

(4.3 to 1.3 lower)

The mean total medication
(morphine) in the intervention
groups was

53.9 higher

(47.43 to 60.37 higher)

77 more per 1000
(from 73 fewer to 607 more)

200 more per 1000
(from 15 fewer to 940 more)

proido

IVNIH 21ed SI\!IEJSdO!JSd



2T
's)ybLl Jo 210N 01 109[gNnS "pansasal sIYBU |Iv ‘0202 FOIN @

Complication - Nausea

Complication - Vomiting

Complication - nausea

and vomiting

Complication -
Respiratory depression

Functional measures -
Distance walked in 6

minutes

Functional measures -
Distance walked in 6

minutes

380

(6 studies)
post-
operative
period

371

(7 studies)
post-
operative
period

223

(3 studies)
post-
operative
period

111

(1 study)
post-
operative
period

64

(1 study)
3 weeks

64
(1 study)
6 weeks

due to risk of bias,
imprecision
SPISISIS)

VERY LOW1,3
due to risk of bias,
inconsistency,
imprecision

S IPISIS)
LOW1,2,3

due to risk of bias,
inconsistency

S ISISIS)

VERY LOW1,2,3
due to risk of bias,
imprecision

(CIPICIS)
MODERATE2
due to risk of bias

SISISIS)
LOW1,2

due to risk of bias,
imprecision

(CIGISIS)
LOW1,2

due to risk of bias,
imprecision

RR 0.99
(0.58 to
1.7)

RR 2.15
(12.03 to
4.46)

RR 1.06
(0.63 to
1.77)

RD 0
(-0.03 to
0.03)

Moderate
328 per 1000

Moderate
168 per 1000

Moderate
205 per 1000

Moderate
0 per 1000

The mean functional measures -
distance walked in 6 minutes in
the control groups was

-32 meters

The mean functional measures -
distance walked in 6 minutes in
the control groups was

-5 meters

3 fewer per 1000
(from 138 fewer to 230 more)

193 more per 1000
(from 5 more to 581 more)

12 more per 1000
(from 76 fewer to 158 more)

Not estimable

The mean functional measures -
distance walked in 6 minutes in the
intervention groups was

30.9 lower

(64.62 lower to 2.82 higher)

The mean functional measures -
distance walked in 6 minutes in the
intervention groups was

16.7 lower

(43.12 lower to 9.72 higher)
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Length of stay 324 OPHDHO The mean length of stay in the The mean length of stay in the
(4 studies) MODERATE2 control groups was intervention groups was
due to risk of bias 7.37 days 0 higher

(0.5 lower to 0.5 higher)

ICU length of stay 76 SlelelS) The mean icu length of stay inthe  The mean icu length of stay in the
(1 study) LOW1,2 control groups was intervention groups was
due to risk of bias, 45.6 hours 2.5 higher
imprecision (3.92 lower to 8.92 higher)
Hospital readmission 379 SIeICIS) RR 0.57 Moderate
(4 StUdleS) VERY L.OW1,2. (026 to 80 per 1000 34 fewer per 1000
dischargeto  due to risk of bias, 1.27) (from 59 fewer to 22 more)
30 days imprecision

(a) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs.

(b) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if the majority of the evidence was at very high risk of
bias.

(c) Downgraded by 1 or 2 increments due to heterogeneity, 12=50%, p=0.04, unexplained by subgroup analysis.

Table 44: Clinical evidence summary: PCA compared to spinal epidural for post-operative pain management

Readmission PPHOO RR 1.04 Moderate
(1 study) LOw1 o (0.07 to 40 per 1000 2 more per 1000
30 days due to imprecision 15.73) (from 37 fewer to 589
more)
Complication - Nausea 49 DHOO RR 0.87 Moderate
(1 study) LOW1 . (0.3102.47) 240 per 1000 31 fewer per 1000
due to imprecision (from 168 fewer to 353
more)

Complication - Vomiting RR 1.04 Moderate
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(1 study)

Complication - Respiratory depression 49
(1 study)

(a) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs.

Table 45: Clinical evidence summary: Spinal epidural compared to continuous for post- operative pain management

SISISIS)
LOW1
due to imprecision

SVISISIS)
LOW1
due to imprecision

(0.34 to 200 per 1000
3.15)

Peto OR 7.7 Moderate
(0.15to 0 per 1000
388.55)

8 more per 1000
(from 132 fewer to 430
more)

Not estimable

Complications (clavien dindo grade 1)

(1 study)
6 weeks

Complications (clavien dindo grade Il) 80
(1 study)
6 weeks

Complications (clavien dindo grade III) 80
(1 study)
6 weeks

Complications (clavien dindo grade V) 80
(1 study)
6 weeks

DDOO
LOW1
due to imprecision

SVISISIS)
LOW1
due to imprecision

S ISISIS)
LOwW1
due to imprecision

SPICISIS)
LOW1
due to imprecision

RR 0.62 Moderate
(02910 325 per 1000
1.32)

RR 1 Moderate
(0.35t0 150 per 1000
2.84)

RR 6 Moderate
(0.76 to0 25 per 1000
47.6)

RR 1 Moderate
(0.06 to 25 per 1000
15.44)

123 fewer per 1000

(from 231 fewer to 104
more)

0 fewer per 1000

(from 98 fewer to 276
more)

125 more per 1000

(from 6 fewer to 1000
more)

0 fewer per 1000

(from 24 fewer to 361
more)

proido

IVNIL :21ed aAneladolad




GZT
"S1yBu Jo 910N 01 103[gnS ‘pansasal sIYbU || "020Z IOIN ©

(a) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs.

Table 46: Evidence not suitable for GRADE analysis: PCA compared to continuous epidural for post-operative pain management

Pain (VAS): <6
hours

Pain (VAS): day 1

Motamed
19986°(60)

George 199475(21)

Madej 1992%3%(50)

George 199475(21)

George 199475(21)

George 199475(21)

Madej 19921%2(50)

Motamed
19986°(60)

High

High

High

High

High

High

High

High

VAS scores were significantly lower at 2h postoperatively in the
continuous epidural group at rest and while coughing.

Median (range) at 2 hours: Median (range) at 2 hours:
~0 (0-5) ~6 (1.5-9)

Pain scores at 4 hours post-operation showed no significant

difference with continuous epidural morphine and bupivacaine
and PCA diamorphine.

Median (range) at 6 hours: Median (range) at 6 hours:
~0 (0-2.5) ~4 (0.2-6.5)

Median (range) at 18 hours: Median (range) at 18 hours:
~2 (0-2.2) ~2.1 (0-9)

Median (range) at 24 hours: Median (range) at 24 hours:
~1 (0-2) ~1.8 (0-7)

Pain scores at 12-24 hours post-operation were significantly
lower with continuous epidural morphine and bupivacaine
compared to PCA diamorphine.

VAS scores were significantly lower at 8 and 24 h
postoperatively in the continuous epidural group at rest and
while coughing.

<0.05

n/a

>0.05

n/a

n/a

n/a

<0.05

<0.05
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Pain (VAS): day 2

Pain (VAS): total
pain days 0 to 5

Complications:
nausea

Length of stay

Liu 199530(54)

Paulsen
2001184(49)

Taqgi 2007%?5(50)

Paulsen
200184(49)

Tagi 2007225(50)
Liu 1995'39(54)
Hausken 20198°

(143)

Benzon 19932%5(36)

Liu 1995130 (24)

Boylan 1998%°(40)

High

High

High

High

High

High

Very high

Low

Low

High

Pain scores with morning ambulation were significantly lower
with continuous epidural morphine and bupivacaine on day 1.

Median (IQR): 1.8 (0.5-4.7) Median (IQR): 3.9 (2.7-4.7)

Median (IQR): 1 (0.80 —2.09)  Median (IQR): 4 (2.74 — 5.02)

Median (IQR): 1.7 (0.2-3.3) Median (IQR): 4.2 (2.4-4.8)

Median (IQR): 0 (0.39 —1.54)  Median (IQR): 3 (1.98 — 4.18)
Pain scores with morning ambulation were significantly lower
with continuous epidural morphine and bupivacaine.

Mean: 1.6 Mean: 1.7

(no SD data provided) (no SD data provided)

Mild nausea experienced by 30 - 50 % in both groups

8/12 14/12

Median (IQR): 13 days (10-17) Median (IQR): 14 days (13-15)

<0.01

n/a

n/a

n/a

<0.01

n/a

n/a

n/a

n/a
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ICU/HDU Length of
stay in

Use of additional
opoids days 0 to 2

Zejun 20182%8(99)

Hubner
2015°%(128)

Steinberg
2002%15(48)

Hausken 20198°
(143)

Tagi 2007225(50)

Hubner
2015%(128)

Boylan 1998°%°(40)

Hausken 20198°
(143)

Hausken 201989
(143)

High

Low

High

Low

High

Low

High

Low

Very high

Median (IQR): 5.0 days (3.5- Median (IQR): 5.0 days (4.0-
7.0) 8.5)

Median (IQR): 7 days (4.5-12) Median (IQR): 5 days (4-8)

Median (IQR): 5.0 days (2.0 - Median (IQR): 4.8 days (3.8 -
18.7) 30.0)

Median (IQR) 4 days (3.25- Median (IQR) 3 days (2.13-
6.41) 4.5)

Median (IQR): 5 days (4.65 - Median (IQR): 5 days (4.23 -
6.16) 9.53)

Median (IQR): 1 day (1-2.5) Median (IQR): 1 day (0-1)

Median (IQR): 2 days (1 - 2) Median (IQR): 2 days (2 - 2)

Median (IQR): 275 minutes
(108 - 1858)

Median (IQR): 230 minutes (45
- 1834)

The consumption of morphine equivalents were significantly
lower and the decline in morphine consumption was more rapid
in the PCA group compared to the epidural.

0.43

n/a

n/a

n/a

0.213

n/a

n/a

n/a
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Table 47: Evidence not suitable for GRADE analysis: PCA compared to spinal epidural for post-operative pain management

Pain (VAS): day 1 Wongyingsinn High
20122%2(50)

Pain (VAS): day 2 Wongyingsinn High
20122%2(50)

Length of stay Wongyingsinn High
20122%2(50)

Table 48: Evidence not suitable for GRADE analysis: Spinal epidural compared to continuous epidural for post-operative pain
management

Overall assessment Kjolhede 20194
of pain: 0-6 days (80)

Very high

Kjolhede 2019%4 Low
(80)

Length of stay

ICU length of stay  Kjolhede 20194 Low

(80)

Median (IQR): 0 (0-1.5) Median (IQR): 2 (1-4) 0.004

Median (IQR): 0 (0-2) Median (IQR): 1 (0-4) 0.15

Median (IQR): 3 (3-4) Median (IQR): PCA: 3 (3-4) 0.59

There was no significant difference in the overall assessment of
pain at rest between the two groups in 0 to 6 days post
operatively (p 0.34).

Median (IQR): 4.3 days (3.4-
5.2)

Median (IQR): 3.3 (3.1-4.8) 0.01

Median (IQR): 5.7 days (4.0- Median (IQR): 4.6 (4.2- 5.6) n/a

8.1)
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Total consumption  Kjolhede 20194
of opioids day 0to  (80)

6 (morphine

equivalent)

QOL (SF-36) Kjolhede 20194
Physical (80)

component score at

6 weeks post-op

QOL (SF-36) Kjolhede 2019
Mental component (80)

score at 6 weeks

post-op

QOL (EQ-5D) Kjolhede 201911
(80)

See appendices for full GRADE tables.

High

High

High

High

Median (IQR): 81mg (67-101)  Median (IQR): 20mg (14-35) <0.0001

Median (IQR): 39 (34-44) Median (IQR): 38 (35-42) 0.41
Median (IQR): 49 (34-53) Median (IQR): 51 (39-55) 0.05
QOL measured by the EQ-5D, day by day, presented no 0.22

statistically significant differences in health index between the 2
groups (P=0.22).
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3.8.1

3.8.2

3.8.3

Perioperative care: FINAL
Opioid

Economic evidence

Included studies

No health economic studies were included.

Excluded studies

No relevant health economic studies were excluded due to assessment of limited
applicability or methodological limitations.

See also the health economic study selection flow chart in the appendices.

Unit costs

The average daily costs of epidural and patient-controlled analgesia are provided inTable 49
to help aid consideration of cost effectiveness. A breakdown of these costs is provided in the
appendices for the pain evidence review.

Table 49: Average daily costs of epidurals and patient-controlled analgesia

Analgesic Average daily cost per person (range)®
Spinal epidural £12.45 (£11.06 - £13.83)

Continuous epidural £27.97

Patient controlled analgesia (opioid) £21.10 (£16.36 - £23.79)

Sources: British National Formulary, Accessed September 2019%°%; Electronic market information tool (eMIT),

Accessed September 201943

(a) Costs include disposable costs, see the appendices for the pain evidence review for a breakdown of these
costs.

© NICE 2020. All rights reserved. Subject to Notice of rights.
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3.9

3.9.1

Perioperative care: FINAL
Opioid

Evidence statements

Clinical evidence statements

No outcomes were reported on symptom scores.

PCA compared to continuous epidural pain management
Pain relief

Five studies showed a clinical harm with PCA for pain six hours post-surgery compared to
continuous epidural (5 studies, n=272, very low quality evidence)

Three studies showed no clinically important difference between PCA and continuous
epuidural in pain at twelve hours postoperatively (3 studies, n=164, low quality evidence)

Eight studies showed a clinical harm with PCA for pain twenty four hours postoperatively
compared to continuous epidural (8 studies, n=726, very low quality evidence)

Seven studies showed a clinical harm with PCA for pain forty eight hours postoperatively
compared to continuous epidural (7 studies, n=654, very low quality evidence)

One study showed a clinically important harm with PCA in total pain relief at twenty four
hours compared to continuous epidural (1 study, n=34, high quality evidence)

One study showed a clinically important harm with PCA in total pain relief at forty eight hours
compared to continuous epidural (1 study, n=48, moderate quality evidence)

Rescue medication

One study showed a clinically important harm with PCA in morphine consumption compared
to continuous epidural (1 study, n=52, moderate quality evidence)

One study showed no clinically important difference between PCA and continuous epidural
rates of depression (1 study, n=52, moderate quality evidence)

Adverse events

One study showed a clinically important harm with PCA in post-traumatic stress compared to
continuous epidural (1 study, n=52, low quality evidence)

Six studies showed no clinically important difference between PCA and continuous epidural
for the occurrence of nausea (6 studies, n=380, very low quality evidence)

Seven studies showed a clinically important harm with PCA in cases of vomiting compared to
continuous epidural (7 studies, n=371, low quality evidence)

Three studies showed no clinically important difference between PCA and continuous
epidural for the occurrence of nausea and vomiting (3 studies, n=223, very low quality
evidence)

One study showed a clinically important benefit with PCA in cases of daily nausea compared
to continuous epidural (1 study, n=24, low quality evidence)

One study showed no clinically important difference between PCA and continuous epidural
for the occurrence of respiratory depression (1 study, n=111, moderate quality evidence)

Functional measure

© NICE 2020. All rights reserved. Subject to Notice of rights.
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Perioperative care: FINAL
Opioid

One study showed no clinically important difference between PCA and continuous epidural in
distance walked in 6 minutes at 3 or 6 weeks (1 study, n=64, moderate quality evidence)

Length of stay

Four studies showed no clinically important difference between PCA and continuous epidural
in length of hospital stay (4 studies, n=324, moderate quality evidence)

One study showed no clinically important difference between PCA and continuous epidural in
length of ICU stay (1 study, n=76, low quality evidence)

Hospital readmission

Four studies showed no clinical difference in hospital readmissions (4 studies, n=379, very
low quality evidence)

Evidence not suitable for GRADE analysis
Pain relief

One study showed a stastically significant benefit with continuous epidural for pain scores
under six hours postoperatively compared to PCA (1 study, n=60, high risk of bias)

One study showed no stastically significant difference between continuous epidural and PCA
for pain scores under six hours postoperatively (1 study, n=50, high risk of bias)

One study showed a trend to benefit with continuous epidural for pain scores at two hours
and six hours postoperatively compared to PCA (1 study, n=21, high risk of bias)

Three studies showed a trend to benefit with continuous epidural for pain scores on
postoperative day 1 compared to PCA (3 studies, n=120, high risk of bias)

Three studies showed a statistically significant difference with continuous epidural in pain
scores on postoperative day one compared to PCA (3 studies, n=164, high risk of bias)

Two studies showed a trend towards benefit with continuous epidural for pain scores forty
eight hours postoperatively compared to PCA (2 studies, n=99, high risk of bias)

One study showed a statistically significant benefit with continuous epidural for pain scores
on the second postoperative day (1 study, n=54, high risk of bias)

One study showed no notable difference between continuous epidural and PCA for pain
scores from postoperatively up to day five (1 study, n=143, very high risk of bias)

Rescue medication

One study showed a notable difference with PCA in the amount of additional opioids used
postoperatively up to day two (1 study, n=143, very high risk of bias)

Adverse events

Two studies showed no notable difference between PCA and continuous epidural in rates of
nausea postoperatively (2 studies, n=60, low risk of bias)

Length of stay

Four studies showed no notable difference between PCA and continuous epidural in length
of stay (4 studies, n=281, high risk of bias)Two studies showed no statistically significant
difference between continuous epidural and PCA for length of stay (2 studies, n=227, high
risk of bias)
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Opioid

Two studies showed no notable difference between PCA and continuous epidural in length
of stay in ICU (2 studies, n=183, high risk of bias)One study showed no statistically
significant difference between PCA and continuous epidural in length of ICU stay (1 study, n=
128, low risk of bias)

PCA compared to spinal epidural for pain management
Hospital readmission

One study showed no clinically important difference between PCA and spinal epidural in
hospital readmissions (1 study, n=49, low quality evidence)

Adverse events

One study showed no clinically important difference between PCA and spinal epidural for the
occurrence of nausea (1 study, n=49, low quality evidence)

One study showed no clinically important difference between PCA and spinal epidural for the
occurrence of vomiting (1 study, n=49, low quality evidence)

One study showed no clinically important difference between PCA and spinal epidural for the
occurrence respiratory depression (1 study, n=49, low quality evidence)

Evidence not suitable for GRADE analysis
Pain relief

One study showed a statistically significant benefit with spinal epidural for pain scores
compared to PCA at twenty four hours postoperatively (1 study, n=50, high risk of bias).

Length of stay

One study showed no statistically significant difference between PCA and spinal epidural for
pain scores at forty eight hours postoperatively (1 study, n=50, high risk of bias).

One study found no difference in length of hospital stay between groups (n=50, high risk of
bias).

Spinal epidural compared to continuous epidural for pain management

One study showed a clinically important benefit with spinal epidural for clavien dindo grade |
complications compared to continuous epidural (1 study, n=80, low quality evidence)

One study showed no clinically important difference between spinal epidural and continuous
epidural for clavien dindo grade Il complications (1 study, n=80, low quality evidence)

One study showed a clinically important harm with spinal epidural for clavien dindo grade Ill
complications compared to continuous epidural (1 study, n=80, low quality evidence)

One study showed no clinically important difference between spinal epidural and continuous
epidural for clavien dindo grade IV complications (1 study, n=80, low quality evidence)

Evidence not suitable for GRADE analysis
Pain relief

One study showed no statistically significant difference between spinal epidural and
continuous epidural in pain scores (1 study, n=80, very high risk of bias)

Rescue medication
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Perioperative care: FINAL
Opioid

One study showed a statistically significant benefit with spiral epidural for opioid
consumption compared to continuous epidural (1 study, n=80, high risk of bias)

Length of stay

One study reported a statistically significantly benefit with spinal epidural for length of
hospital stay compared to continuous epidural, (1 study, n=80, low risk of bias)

One study showed a trend to benefit benefit with spinal epidural for length of ICU stay
compared to continuous epidural, (1 study, n=80, low risk of bias)

Quality of life

One study showed no statistically significant difference between spinal epidural and
continuous epidural in quality of life (1 study, n=80, high risk of bias)

Health economic evidence statements

¢ No relevant economic evaluations were identified.
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43.1

4.3.2

Perioperative care: FINAL
Intravenous ketamine

Intravenous ketamine

Review question: What is the clinical and cost
effectiveness of adding IV ketamine to IV opioids in
managing acute post-operative pain?

PICO table

For full details see the review protocol in appendices.

Table 50: PICO characteristics of review question
Adults (18 years and older) who have undergone surgery.
e |V opioids + IV ketamine
e |V opioids + placebo
CRITICAL:
¢ health-related quality of life
e pain reduction
o <6 hours post op
o > 6 hours- 24 hours post op
e amount of additional medication use
o <6 hours post op
o > 6 hours- 24 hours post op
e adverse events (including respiratory depression, nausea, vomiting)
IMPORTANT:
e psychological distress and mental well-being
e symptom scores
e functional measures
e length of stay in intensive care
e length of stay in hospital
e hospital readmission

Randomised controlled trials and systematic reviews of randomised controlled
trials.

Clinical evidence

Included studies

One hundred randomised controlled trials were included in the review;? 6 13-17. 19,23, 24,29, 31, 32, 35,
36, 44-46, 48, 50, 59, 60, 62, 66, 72, 73, 77-85, 87, 90, 92, 95, 97, 99, 100, 102, 104, 105, 113, 115, 117-120, 122-126, 129, 131, 137, 138, 142, 143, 145,

147, 157, 159, 161-163, 166, 167, 169, 173, 176, 183, 185, 192-194, 199, 201, 202, 207, 209, 211, 212, 217, 218, 221, 222, 225, 237, 238, 246, 250, 253-

255,257 these are summarised in Table 2 below. Evidence from these studies is summarised in
the clinical evidence summary below (Table 3).

See appendices for the study selection flow chart, study evidence tables, forest plots and
GRADE tables.

Excluded studies

See the excluded studies list in appendices.
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4.3.3 Summary of clinical studies included in the evidence review

Table 51: Summary of studies included in the evidence review

Study
Adam 20052

Intervention and comparison  Population

Ketamine + Opioid: ASA physical status I-llI
0.05 mL/kg IV ketamine given patients. All were scheduled
over 2 min just after the to undergo elective total
orotracheal intubation and knee arthroplasty with

before the skin incision. The general anesthesia.
initial bolus was followed by a
maintenance |V infusion of 3 France

ug-kgt-min? of ketamine
continued until the patient
emerged from anaesthesia.
Infusion rate reduced to 1.5
ug-kg*-mint and maintained for
48 h. Pain was initially
controlled in the PACU by
titrating boluses of 3 mg
morphine every 5 min until VAS
score was <30 mm.
Additionally, patients were
given access to a PCA device
set to deliver 1-mg boluses of
IV morphine with a lockout
period of 5 min and no
background infusion or limits.
This PCA regimen was
continued for 48 h; no other
analgesics were given.

n=21

Opioid:
Identical volume of saline. Pain
was initially controlled in the

Outcomes

Pain
Additional medication
Adverse events:

O

Nausea and vomiting

Comments
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Study

Akhavanakbari
2014°%

Arikan 20163

Intervention and comparison
PACU by titrating boluses of 3
mg morphine every 5 min until
VAS score was <30 mm.
Additionally, patients were
given access to a PCA device
set to deliver 1-mg boluses of
IV morphine with a lockout
period of 5 min and no
background infusion or limits.
This PCA regimen was
continued for 48 h; no other
analgesics were given.

n=21

Ketamine + Opioid:

PCA morphine 0.2 mg/ml +
ketamine 1 mg/ml; or morphine
0.1 mg/ml + ketamine 2 mg/ml+
ketaminel mg/ml

n=40

Opioid:
PCA morphine 0.2 mg/ml
n=20

Ketamine + Opioid:

Patients received a bolus dose
of ketamine (0.2 mg/kg), and
followed by continuous infusion
of ketamine (0.05 mg/kg/h).
The bolus doses of the study
drugs were administered, and
their infusions were started
simultaneously with the

Population

Patients were ASA physical
status I-ll, aged 20-60 and
underwent orthopaedic

surgery.

Iran

ASA physical status | and I
patients, aged 30-60 years,
scheduled to undergo
elective open total abdominal
hysterectomy.

Turkey

Outcomes

Pain
Additional medication

Pain
Adverse events:

o

Nausea and vomiting

Comments
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Study

Aubrun 20084

Aveline 20061

Intervention and comparison  Population

initiation of the IV-PCA
morphine.

n=40

Opioid:

Patients received a bolus dose,
and continuous infusion of
normal saline. The bolus doses
of the study drugs were
administered, and their
infusions were started
simultaneously with the
initiation of the IV-PCA
morphine.

n=40
Ketamine + Opioid:

connected to PCA in the
ketamine group patients
received combination of
Morphine 1mg mL-1 and
ketamine 0.5 mg mL-1, lockout  France
period 7 min.

n=45

Opioid:

Post-operatively patients were
connected to PCA andreceived
Morphine 1mg mL-1 lockout
period 7 min.

n=45

Ketamine + Opioid:

Women aged 18-70 yr, ASA

Post-operatively patients were ~ 1-2, weighing between 50
and 100 kg, and undergoing
elective abdominal
gynaecological surgery.

ASA 1-2, scheduled for
elective surgical lumbar

Outcomes

Comments

Pain

Additional medication
Adverse events:

o Nausea and vomiting

Pain
Additional medication
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Study

Aveline 20091®

Intervention and comparison

Preoperatively received
morphine 0.1mgkg-land
ketamine 0.15 mgkg-1.
Postoperatively in PACU PCA
morphine with 7 min lockout.

n=23

Opioid:

Preoperatively received
Morphine 0.1 mgkg-1. In PACU
PCA morphine 1mg with 7 min
lockout.

n=23

Ketamine + Opioid:

2 mg.ml ketamine was
administered over 20 min.
Continuous infusion of
0.2mgkg-1 ketamine
hydrochloride iv infusion at 120
Mg kg-1 h-1 and then 60 pkg-1
h-1 until second post-operative
day. PCA morphine 1 mg iv
bolus with a 7 min lockout
interval, without background
infusion and limitation of the
maximal dose.

n=25

Opioid:

Isotonic sodium chloride at the
same rates PCA morphine 1
mg iv bolus with a 7 min
lockout interval, without

Population
discectomy with partial
laminectomy and
nucleotomy.

France

ASA physical status I-1lI
undergoing elective
unilateral knee replacement
under general anaesthesia.

France

Outcomes Comments
e Adverse events:
o Nausea and vomiting

e Pain

e Additional medication
Functional measure

e Length of hospital stay
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Study

Ayoglu 2005

Badrinath 2000%°

Intervention and comparison
background infusion and
limitation of the maximal dose.
n=24

Ketamine + Opioid:

IV bolus of 0.5mg/kg ketamine
slowly and infusion of 0.15
mg/kg for the next 4 hours.
PCA started on arrival to
recovery room. Device
programmed to deliver bolus of
1 mg of morphine on demand
with lockout interval of 10 min
and maximal 4 h dose of 20
mg.

n=20

Opioid:

Saline bolus infusion of the
same volume. PCA started on
arrival to recovery room.
Device programmed to deliver
bolus of 1 mg of morphine on
demand with lockout interval of
10 min and maximal 4 h dose
of 20 mg.

n=20

Ketamine + Opioid:
Propofol/ketamine (10:1; 5:1 or
3.3:1); According to a prestudy
randomization schedule of
study group assignment, a
standard volume of 1.2 mL
containing either Omg, 20 mg,

Population Outcomes

ASA I-II patients scheduled e Pain

for elective laparoscopic e Additional medication
cholecystectomy.

Adverse events:

o Nausea and vomiting
Turkey

ASA physical status | and I e Additional medication
female outpatients Adverse events:
undergoing breast biopsy o Nausea and vomiting

procedures under local _
anaesthesia Length of hospital stay

Comments

aulwelay snousAeu|
IVNIA 8Jed SA!lBJGdO!JSd



T
'S1y6u Jo 82110N 01 103[gNnS panlasal sIybu I "020Z IDIN @

Study

Bauchat 201122

Intervention and comparison
40mg, or 60 mg ketamine in
saline was added to 20 mL of
propofol. The study drug
solutions consisted of propofol,
9.4 mg/mL, and ketamine, O,
0.94, 1.88, or 2.83 mg/mL,
respectively.

n=75

Opioid:

Propofol/saline (10:1; 5:1 or
3.3:1); a standard volume of
1.2 mL saline was added to 20
mL of propofol. The study drug
solutions consisted of propofol,
9.4 mg/mL.

n=25

Ketamine + Opioid:

Patients received receiving
hyperbaric spinal bupivacaine,
fentanyl and morphine.
Additional Ketamine 10 mg
diluted to 20mL with 0.9%
saline. In Pacu patients
received i.v. ketorolac 30 mg
every 6 h to 24 hours the first
dose given in PACU, bu were
allowed to refuse these
scheduled analgesia if they
experienced discomfort.
Rescue medication consisted
of 1 tablet of acetaminophen
/hydrocodone was provided
after 1 hour if the pain was not

Population
USA

Women aged 237 weeks of °
gestation, ASA physical N
status 1-2, scheduled for
elective cesarean delivery
whose anesthetic plan

included spinal anesthesia

with intrathecal morphine

and i.v.ketorolac for
postoperative analgesia

USA

Outcomes

Pain

Additional medication
Adverse events

o Nausea & Vomiting

Comments
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Study

Intervention and comparison
relieved to the subjects
satisfaction. Between 24-72
hours analgesia was provided
at the patients request with
ibuprofen 600 mg every 6 h
and 1-2 tablets of cetaminphen
325 mg/hydrocodone 10 mg
every 4 h.

n=94

Opioid:

Patients received receiving
hyperbaric spinal bupivacaine,
fentanyl and morphine.
Additionally received 20 mL
0.9% saline. In Pacu patients
received i.v. ketorolac 30 mg
every 6 h to 24 hours the first
dose given in PACU, bu were
allowed to refuse these
schedulled analgesia if they
experienced discomfort.
Rescue medication consisted
of 1 tablet of
acetaminophen/hydrocodone
was provided after 1 hour if the
pain was not relieved to the
subjects satisfaction. Between
24-72 hours analgesia was
provided at the patients request
with ibuprofen 600 mg every 6
h and 1-2 tablets of
cetaminphen 325 mg
/hydrocodone 10 mg every 4 h.

n=94

Population

Outcomes

Comments
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Study
Bilgen 20122°

Intervention and comparison
Ketamine + Opioid:

Ketamine (0.25 mg kg-1 or 0.25
mg kg-1 or 1 mg kg-1).
Postoperative analgesia was
provided with IV Morphine
chloride patient controlled
analgesia (PCA) at a
concentration of 0.5 mg mL-1.
The PCA was set to deliver a 1
mg bolus with a 10 min lock out
time without basal infusion.
Rescue analgesia was
provided with intramuscular
diclofenac sodium 75 mg every
12 hours as needed in the
postoperative period. The PCA
device was used for 48 h
postoperatively

n= 105

Opioid:

Control group received 0.9%
normal saline. Postoperative
analgesia was provided with IV
Morphine chloride patient
controlled analgesia (PCA) at a
concentration of 0.5 mg mL-1.
The PCA was set to deliver a 1
mg bolus with a 10 min lock out
time without basal infusion.
Rescue analgesia was
provided with intramuscular
diclofenac sodium 75 mg every
12 hours as needed in the
postoperative period. The PCA

Population

ASA 1-2 term pregnant,
nulliparous women in whom
cesarean delivery was
indicated

Turkey

Outcomes

Pain
Additional medication
Adverse events

(@)

Nausea & Vomiting

Comments
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Study

Burstal 200131

Cagla Ozbakis
Akkurt 2009%

Intervention and comparison
device was used for 48 h
postoperatively

n=35

Ketamine + Opioid:

PCA morphine 1mg/ml and
ketamine 2 mg/ml. PCA was
commenced on return of
cognitive function.

n=37

Opioid:
PCA morphine 1 mg/ml
n=33

Ketamine + Opioid:

- 0.15mg kg Ketamine and 1 ml
saline. VAS score was >4, then
0.4 mg/kg was given
intravenously and, if the score
did not decrease within 10
minutes, an additional 0.2
mg/kg meperidine was given.
The total Meperidine dose did
not exceed a maximum of 2
mg/kg in any 4 hours.

n=20

Opioid:

Received 1mL+1 mL saline. If
VAS score was >4, then 0.4
mg/kg was given intravenously
and, if the score did not
decrease within 10 minutes, an

Population

All patients presenting for
total abdominal
hysterectomy.

Australia

ASA1-2 patients scheduled
for arthroscopy under spinal
anaesthesia were enrolled.

Turkey

Outcomes

e Pain

e Adverse events:
o Nausea

e Psychological distress
and mental well-being

e Pain
e Additional medication

Comments
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Study

Cengiz 2014%

Intervention and comparison
additional 0.2 mg/kg
meperidine was given. The
total Meperidine dose did not
exceed a maximum of 2 mg/kg
in any 4 hours.

n=20

Ketamine + Opioid:

Racemic ketamine (6
pg/kg/minute) immediately after
orotracheal intubation
continuing until wound closure.
Ten minutes before wound
closure, all patients received 5
mg of morphine. Analgesia in
the PACU was initially provided
via titrating morphine in
increments of 3 mg every 5
minutes until the VAS pain
score was < 3 cm. Patients
were also given access to a
PCA device set to deliver 1-mg
boluses of IV morphine, with a
lockout period of 5 minutes and
no background infusion or
limits.

n=30

Opioid:

A similar volume of saline
immediately after orotracheal
intubation continuing until
wound closure. Ten minutes
before wound closure, all
patients received 5 mg of

Population

Patients aged 18 - 65 years,
ASA grade |, Il or lll, who
were scheduled for total
knee arthroplasty surgery
under general anaesthesia.

Turkey

Outcomes

e Pain
e Additional medication
e Adverse events:

o Nausea

o Vomiting

Comments

As additional analgesia; alll
patients were ordered 1000 mg
paracetamol intravenously, every
8 hours for 24 hours, to be
administered.
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Study

Chazan 201036

D'Alonzo 20114

Intervention and comparison
morphine. Analgesia in the
PACU was initially provided via
titrating morphine in increments
of 3 mg every 5 minutes until
the VAS pain score was < 3
cm. Patients were also given.
access to a PCA device set to
deliver 1-mg boluses of

IV morphine, with a lockout
period of 5 minutes and no
background infusion or limits.
n=30

Ketamine + Opioid:

PCA morphine + ketamine (1.0
mg + 5 mg respectively) with 7
min lockout period, in case of
insufficient pain control by PCA
im Diclofenac 75 mg was
available every 6 hours

n=24

Opioid:

PCA morphine alone 2 mg
bolus, the device had 7 min
lockout period, in case of
insufficient pain control by PCA
im Diclofenac 75 mg was
available every 6 hours

n=22

Ketamine + Opioid:
Received 0.5 mg/kg of
intravenous ketamine IV prior
to chest wall incision.

Population

Patients scheduled for
elective transthoracic
MIDCA, OPCAB or lung
surgery under general
anaesthesia were recruited.

Israel

Inclusion criteria not
specified

USA

Outcomes Comments

Pain

Additional medication
Adverse events:

o Nausea and vomiting

Pain
Additional medication
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Study

Dahi-Taleghani
2014%

Intervention and comparison
Postoperatively: Ketorolac
(dose not specified) & Epidural
(medications not specified)

n=21

Opioid:

Normal saline equivalent of
Ketamine bolus.
Postoperatively: Ketorolac
(dose not specified) & Epidural
(medications not specified)

n=20

Ketamine + Opioid:

A combined solution of 1
mg/mL ketamine and 0.5
mg/mL morphine was prepared
as the PCA analgesia protocol.
This was started immediately in
the postoperative period, at 10
minutes intervals, and each
bolus contained 2 mL of the
solution.

n=70

Opioid:

A combination of morphine (0.5
mg/mL) plus normal saline
solution. PCA analgesia was
started immediately in the
postoperative period at 10
minutes intervals, using 2 mL of
the solution in each PCA bolus.

Population Outcomes Comments

All male patients, aged 18-65 e Pain

years undergoing _ e Additional medication
orthopaedic surgery with Adverse events:
history of opium abuse. '

o Nausea

I o Vomiting
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Study

Dahl 20004

Darwish 200548

Intervention and comparison
n=70

Ketamine + Opioid:
Ketamine 0.4 mg/kg IV before
the start of surgery and saline
at the end of surgery or saline
at the start of surgery and
ketamine 0.4 mg/kg IV at the
end of surgery. The rescue
analgesic, ketobemidone, was
given in incremental doses of
1mg IV when the pain score
was greater than 30mmon the
VAS.

n=60

Opioid:

Saline at the start of surgery
and saline at the end of
surgery. The rescue analgesic,
ketobemidone, was given in
incremental doses of 1mg IV
when the pain score was
greater than 30mmon the VAS.
n=29

Ketamine + Opioid:

Ketamine diluted to 2.5 mg/ml
in isotonic sodium chloride. A
continuous iv infusion of the
study drug was started 1 min
after thiopental injection. The
initial bolus of ketamine was
0.15 mg/kg and was followed
by a maintenance infusion of
2pg/kg/min until skin closure.

Population

Adult women, ASA physical
status I-IIl, undergoing
elective abdominal
hysterectomy procedures.

USA

Adult patients who were
scheduled to open colorectal
surgery lasting at least 3
hours. All patients were ASA
1-3.

Estonia

Outcomes

Pain

Additional medication

Pain

Additional medication
Adverse events:

O
O

Nausea
Vomiting

Comments

Pre-incisional and intraoperative
ketamine groups merged for
analysis.

All patients were given
acetaminophen 1 g sup three
times daily.
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Study

Deng 2009%°

Intervention and comparison

30 min before end of surgery
0.15 mg/kg bolus dose of
morphine was administered iv.
During the postoperative period
3 mg of morphine was given iv
at 5 min intervals until
behavioural pain score was<1
In PACU PCA morphine 1 mg
as an iv bolus lockout interval
15 min

n=30

Opioid:

Isotonic sodium chloride. A
continuous iv infusion of the
study drug was started 1 min
after thiopental injection.

30 min before end of surgery
0.15 mg/kg bolus dose of
morphine was administered iv.
During the postoperative period
3 mg of morphine was given iv
at 5 min intervals until
behavioural pain score was<1
In PACU PCA morphine 1 mg
as an iv bolus lockout interval
15 min

n=30

Ketamine + Opioid:

Patients received 0.5 mg/kg
ketamine infusion under
general anesthesia, and
ketamine in a dose of 0.1 mg/
kg or 0.05 mg/kg, or 0.01

Population

Patients who underwent
major surgery for lower limb
fracture were involved.

China

Outcomes

Pain
Additional medication

Comments
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Study

Duale 2009%°

Intervention and comparison
mg/kg per hour continuously for
24 hours after surgery. With 20
pg/ml remifentanil in normal
saline, postoperative PCA was
administered with a
background infusion at 2 mi/h
following 2 ml as a loading
dose and 1ml demand dose
with a 3-minute lockout period.

n=150

Opioid:

Control group received an
equivalent volume of normal
saline only With 20 ug/ml
remifentanil in normal saline,
postoperative PCA was
administered with a
background infusion at 2 mi/h
following 2 ml as a loading
dose and 1ml demand dose
with a 3-minute lockout period.

n=50

Ketamine + Opioid:

Ketamine was diluted to 500mg
in 500ml in isotonic saline (1mg
= 1ml). Then 1ml/Kg of the
solution was given 5 minutes
before the surgical incision, and
1ml/Kg-1 until skin closure. For
the Postoperative period
1mg/Kg-1 of ketamine was
diluted in isotonic saline in a
48ml- syringe then infused at

Population

Patients aged 20-75 years of e
age scheduled for elective o
partial pneumonectomy

under thoracotomy ¢

France

Outcomes

Pain
Additional medication
Adverse events

o

Nausea & Vomiting

Comments
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Study

Edwards 1993652

Intervention and comparison  Population Outcomes

the rate of 2mL/hour -1
(Img/kg-1 for 24h), then
discontinued

n=42

Opioid:

Isotonic saline given in the
same volume as Ketamine
protocol.

n= 44

Both groups: In addition to the
intraoperative ropivacaine
infiltration, post-operative
analgesia was ensured with
interpleural 0.2% ropivacaine
(40ml into the chest tube
clamped for 20 minutes), IV
paracetamol (1g every 6
hours), nefopam (80mg per 24h
in continuous infusion) and
morphine (5mg IV until pain
score below 3/10; then
delivered via PCA 1mg per ml
of isotonic saline; bolus = 1mL,
refractory period = 6 minutes,
maximal dose = 12mg per 4
hours, no continuous infusion)

Ketamine + Opioid: Patients aged greater than °
Morphine 1 mg.h? plus 60 years old undergoing .
ketamine (5 mg.h, 10 mg.h%; elective upper abdominal .
and 20 mg.h?). Immediately surgery.

after surgery, each patient was
connected to a PCA infusion UK

Pain

Additional medication
Adverse events:

O

Respiratory
depression

Comments
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Study

Fiorelli 2015%6

Intervention and comparison
pump, which was programmed
to deliver a 1 mg bolus of
morphine with a lockout time of
5 min.

n=30

Opioid:

Morphine 1 mg.ht. Immediately
after surgery, each patient was
connected to PCA infusion
pump, which was programmed
to deliver a 1 mg bolus of
morphine with a lockout time of
5 min.

n=10

Ketamine + Opioid:

Five minutes before skin
incision, ketamine group
received a bolus dose of
ketamine 1 mg/kg i.v. The
postoperative analgesia was
performed by subcutaneous
morphine 10 mg, 30 min before
the end of the intervention, i.v.
ketorolac 30mg and i.v.
paracetamol 1000 mg at the
awakening and i.v. patient
controlled analgesia which
offered a maximum of 1 mg of
morphine at 7-min intervals.

n=38

Opioid:

Population

Consecutive patients
planned for an elective
partial pneumonectomy by
standard lateral thoracotomy
for management of non-
small-cell lung cancer.

Italy

Outcomes

e Pain

e Additional medication
Adverse events:
o Nausea & Vomiting

Comments
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Study

Ganne 200572

Intervention and comparison  Population

Placebo group received an
equivalent i.v. volume of normal
saline. The postoperative
analgesia was performed by
subcutaneous morphine 10 mg,
30 min before the end of the
intervention, i.v. ketorolac
30mg and i.v. paracetamol
1000 mg at the awakening and
i.v. patient controlled analgesia
which offered a maximum of 1
mg of morphine at 7-min

intervals.

n=37

Ketamine + Opioid: Inclusion criteria not
IV ketamine just before specified

induction (0.15milligrams /kg-1)

followed by a continuous France

infusion during anesthesia (2
micrograms/kg-1min-1).
n=31

Opioid:

Saline bolus just before
induction and continuous
infusion of saline during
anesthesia

n=31

Both groups: Patients were
premedicated with hydroxyzine
(100 mg) and alprazolam
(0.25mg) 1h before anesthesia.
One hour before the anticipated
end of surgery, patients

Outcomes

Additional medication
Adverse events:

o

Nausea & Vomiting

Comments
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Study

Garg 2016"3

Intervention and comparison
received i.v. morphine
0.2mgkg-1. Postoperatively, all
patients received a multimodal
analgesia regimen for 48 h as
is routinely used in our
institution. The regimen
involved i.v. paracetamol 1g
every 6h, i.v.
methylprednisolone 2mg/kg-
lday-1, and PCA-morphine.
The PCA device was
programmed to deliver a bolus
of 1mg of morphine on
demand, with a lockout interval
of 7 min, and without a
background infusion.

Ketamine + Opioid:

Received a bolus of ketamine
0.25 mg/kg, followed by
infusion at the rate 0.25
mg/kg/h. These patients also
received midazolam 10ug/kg
bolus followed by 10 pg/kg/h
infusion through the same
infusion pump. At pain score
(NRS 4 or more) iv morphine 3
mg bolus was administered as
rescue analgesic drug

n=22

Opioid:

Received volume matched
bolus and infusion of 0.9%
saline. At pain score (NRS 4 or
more) iv morphine 3 mg bolus

Population

ASA 1 and 2 patients aged
18 to 60, scheduled to
undergo selective spine
surgery.

India

Outcomes Comments

Pain

Additional medication
Adverse events:

o Nausea and vomiting
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Study

Ghazi-Saidi K
200277

Gillies 200778

Intervention and comparison
was administered as rescue
analgesic drug

n=22

Ketamine + Opioid:
Pre-emptive low-dose ketamine
(0.2 mg/kg) administered prior
to anaesthesia. The amount of
morphine administered was
based on the scale of patient’s
pain score. If the scale was < 3
no morphine was administered.
For the scales between 4 and
6, 3 mg and for scales of 7 and
above, 5 mg of morphine was
administered.

n=27

Opioid:

Standardized general
anaesthesia. Amount of
morphine administered was
based on the scale of patient’s
pain score. If the scale was < 3
no morphine was administered.
For the scales between 4 and
6, 3 mg and for scales of 7 and
above, 5 mg of morphine was
administered.

n=26

Ketamine + Opioid:

Ketamine 0.25 mg/kg given as
a constant IV infusion over 10
minutes. IV morphine continued

Population

ASA physical status | and I
women who were candidates
for caesarean section under
general anaesthesia.

Iran

Patients who required more
than two doses of morphine
in the recovery room, had a
pain score 25 on a standard

Outcomes

Pain
Additional medication

Pain
Additional medication
Adverse events:

Comments
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Study

Guignard 20027

Intervention and comparison
to be administered as needed.
First dose of morphine 4 mg
and then 2 mg increments as
required. Patients received
morphine 2 mg as initial bolus
for postoperative pain followed
by 1 mg increments.

n=19

Opioid:
Normal Saline given as a
constant |V infusion over 10

minutes. IV morphine continued

to be administered as needed.
First dose of morphine 4 mg
and then 2 mg increments as
required. Patients received
morphine 2 mg as initial bolus
for postoperative pain followed
by 1 mg increments.

n=22

Ketamine + Opioid:

The PCA device contained
morphine at a concentration of
1mg/mL. All patients received
initial loading doses of 2 mg of
morphine until their VAS score
was less than 30; they were
then allowed to have bolus
doses of morphine (1 mg every
7 min) without any limitation.
Ketamine was administered
separately with an initial bolus
of 0.5 mg/kg followed by

Population

VRS, a sedation score <1
and a respiratory rate greater
than eight.

Australia

Adults older than 18 yr were
included if they were
scheduled to have major
abdominal surgery and
postoperative management
and ventilation in a SICU.

France

Outcomes
o Nausea and vomiting

e Pain
e Additional medication
e Adverse events:

o Nausea

Comments
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Study

Guillou 20038°

Intervention and comparison
aperfusion of 2 during the first
24 h and 1g-kg1-min-1 in the
folg-kg-1-min-1 lowing 24 h.
n=47

Opioid:

The PCA device contained
morphine at a concentration of
1mg/mL. All patients received
initial loading doses of 2 mg of
morphine until their VAS score
was less than 30; they were
then allowed to have bolus
doses of morphine (1 mg every
7 min) without any limitation.
Ketamine was replaced by
saline serum and was
administered under the same
conditions. Ketamine or
placebo was administered
simultaneously with the titration
of morphine. A nurse not
involved in the care of the
patients prepared the syringes
of ketamine or placebo. No
additional analgesia or sedation
was administered to patients
during their SICU stay.

n=54

Ketamine + Opioid:

The PCA device contained
morphine at a concentration of
1mg/mL. All patients received
initial loading doses of 2 mg of
morphine until their VAS score
was less than 30; they were

Population

Adults scheduled to have .
major abdominal surgery and
postoperative management

and ventilation in a SICU.

France

Outcomes

Pain

Additional medication
Adverse events:

o Nausea

Comments
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Study

Hadi 20098

Intervention and comparison
then allowed to have bolus
doses of morphine (1 mg every
7 min) without any limitation.
Ketamine was administered
separately with an initial bolus
of 0.5 mg/kg followed by a
perfusion of 2 during the first
24h and 1g.kg'-min? in the
folg-kg*-mint lowing 24 h.
n=47

Opioid:

The PCA device contained
morphine at a concentration of
1mg/mL. All patients received
initial loading doses of 2 mg of
morphine untiltheir VAS score
was less than 30; they were
then allowed to have bolus
doses ofmorphine (1 mg every
7 min) without any limitation.
Saline serum and was
administered under the same
conditions, administered
simultaneously with the titration
of morphine.

n=54

Ketamine + Opioid:
Intraoperative bolus dose of 1
pg/kg of remifentanyl was given
at induction for both groups
followed by a combination of
remifentanil infusion in a dose
of 0.2 pg/kg/minutes and

Population

Patients who had a physical
status class I-1l ASA,
scheduled for scoliosis
surgery.

Jordan

Outcomes

Additional medication
Adverse events:

o

Nausea and vomiting

Comments
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Study

Hadi 201082

Intervention and comparison
ketamine infusion in a dose of 1
pag/kg/minutes. Postoperatively
morphine infusion pump was
set to deliver morphine solution
(2 mg/ml) at the rate of 3-5
mg/hr in the PACU.

n=20

Opioid:

Bolus dose of 1 pug/kg of
remifentanyl was given at
induction for both groups
followed by remifentanil
infusion in a dose of 0.2
pg/kg/minutes in.
Postoperatively morphine
infusion pump was set to
deliver morphine solution (1
mg/ml) at the rate of 3—5 mg/hr
in the PACU.

n=20

Ketamine + Opioid:
Anaesthesia was pre-induced
using remifentanil 1p/kg in both
groups followed by remifentanil
infusion at a dose of
0.2ug/kg/minute + racemic
ketamine infusion 1 pg/kg/min

n=15

Opioid:

Anaesthesia was pre-induced
using remifentanil 1p/kg in both
groups followed by remifentanil

Population

Patients scheduled for
posterior lumbar and thoracic
spinal fusion surgery.

Hungary

Outcomes

Pain
Additional medication

Comments
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Study

Hadi 201383

Intervention and comparison  Population Outcomes

infusion at a dose of
0.2ug/kg/minute normal saline
0.9%

n=15

Ketamine (peri-operatively) + Adult patients who had used o

Opioid: bed rest and had physical o
Anesthesia was pre-induced therapy sessions by licensed |
using remifentanil 1 Ig/kg for physical therapists to relieve

the three groups followed by a  their I0\_Ner back pain at least
remifentanil infusion at a dose 48 h prior to

of 0.2 Ig/kg/min. Ketamine (1 microdiscectomy surgery.
pg/kg/min) both intra- and

postoperatively Hungary

n=15

Ketamine (post-operatively) +
Opioid:

Anesthesia was pre-induced
using remifentanil 1 lg/kg for
the three groups followed by a
remifentanil infusion at a dose
of 0.2 lg/kg/min. Ketamine (1
ug/kg/min) postoperatively.

n=15

Opioid:

Anesthesia was pre-induced
using remifentanil 1 Ig/kg for
the three groups followed by a
remifentanil infusion at a dose
of 0.2 lg/kg/min. Saline given in
place of ketamine intra and
postoperatively.

Pain

Additional medication
Adverse events:

o Nausea and vomiting

Comments
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Study

Haliloglu 2016%*

Han 20138

Intervention and comparison
n=15

Ketamine + Opioid:

Bolus dose 10 ml ketamine
(5mg ml?). Infusion during
maintenance 50 ml of ketamine
(2 mg ml-1). Ketamine bolus of
0.5 mg kg-1 IV administered at
the time of induction of general
anaesthesia. After induction, a
ketamine infusion of 10ug kg-1
min-1 was started and
discontinued at the end of the
surgery. Started and
discontinued at the end of the
surgery was started and
discontinued at the end of the
surgery.

n=26

Opioid:

Bolus dose 10 ml of normal
saline. For infusion normal
saline was used.

n=26

Ketamine + Opioid:

Received a 0.5 mg/kg ketamine
bolus intravenously followed by
0.25 mg/kg/h continuous
infusion during the operation.
Immediately after surgery, the
patients were connected to a
PCA device set to deliver 25-ig
fentanyl as an intravenous

Population Outcomes Comments
ASA I-1l scheduled for e Pain
elective caesarean section. e Additional medication
e Adverse events:
Turkey o Nausea and vomiting
Pregnant mothers of ASA e Pain
class 1-2, between 37-42 e Additional medication

weeks of preghancy, who
were scheduled for
caesarean section under
spinal anaesthesia.
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Study

Hasanein 201187

Intervention and comparison  Population
bolus with a 15-min lockout

interval and no continuous South Korea
dose.

n=20

Opioid:

Received the same volume of
normal saline. Immediately
after surgery, the patients were
connected to a PCA device set
to deliver 25-ig fentanyl as an
intravenous bolus with a 15-min
lockout interval and no
continuous dose.

n=20

Ketamine + Opioid: Morbidly obese patients

For maintenance of anesthesia, (ASA physical status Il or IlI),
continuous infusion of propofol ~ and age between 25 and 50
6—10 mg/kg/h was started; the ~ years, scheduled for elective
rate of propofol was changed to laparoscopic Roux-en-Y
maintain the BIS between 40 gastric bypass (RYGBP)
and 55. Combined infusion of surgery.

remifentanil (0.2

lg/kg/min)+ketamine (1 Egypt

lg/kg/min) were added.

Morphine patient controlled

analgesia (PCA) was started

once the patient pain score

recorded 1-2 and continued in

the ward for 24 h postoperative.

n=30

Opioid:

Outcomes Comments

e Pain

e Additional medication
Adverse events:
o Nausea and vomiting
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Study

Hayes 2004%

Hong 2011°

Intervention and comparison

For maintenance of anesthesia,
continuous infusion of propofol
6-10 mg/kg/h was started; the
rate of propofol was changed to
maintain the BIS between 40
and 55. Remifentanil infusion in
dose of (0.2 Ig/kg/min) was
added. Morphine patient
controlled analgesia (PCA) was
started once the patient pain
score recorded 1-2 and
continued in the ward for 24 h
postoperative.

n=30

Ketamine + Opioid:
Received a pre-induction IV
bolus of ketamine 0.5mg.kg-1,
followed immediately by IV
infusion at 0.15 mg.kg-1.h-1
All patients received PCA with
morphine (1 mg bolus, 5 min
lockout).

n=22

Opioid:

Received a pre-induction IV
bolus of normal saline followed
by 1V infusion. All patients
received PCA with morphine (1
mg bolus, 5 min lockout)

n=23

Ketamine + Opioid:

Population

Patients who had lower limb
amputation because of
peripheral vascular disease,
cancer or chronic infection

Australia

patients classified as ASA 1
or 2 scheduled for

Outcomes

Pain
Additional medication

Adverse events:

Comments
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Study

Intervention and comparison

The ketamine group was
injected with 0.3 mg/kg of
ketamine during induction and
continuously infused with 3
pag/kg/min of ketamine during
surgery. n= 20

Opioid:

The control group was injected
and infused with normal saline
at the same volumes as the
ketamine group.

n=20

Both groups:

All patients were premedicated
with 2 mg of midazolam and
0.2 mg of glycopyrrolate
intramuscularly and 20 mg of
famotidine intravenously 30
minutes before arriving to the
operating room. Ten minutes
before surgery ended, PCA
was initiated with a 120 ml
mixture containing 40 mg of
morphine sulfate, 120 mg of
ketorolac, and 12 mg of
ondansetron. Loading dose
was set at 3 ml, with a

continuous infusion at 1.5 ml/hr

and additional doses of 1.5 ml
with a lockout time of 15
minutes. In the recovery room,
if the patient sought more pain
control or if VAS was above 4,
a trained nurse administered

Population

laparoscopic gynecologic
surgery under general
anesthesia were the objects
of study.

South Korea

Outcomes

o

Nausea and vomiting

Comments
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Study

llkjaer 1998%

Intervention and comparison  Population

additional dosages from the
PCA.

Ketamine + Opioid: Patients undergoing elective
After induction of general nephrectomy or operation on
anaesthesia, patients received  Pelvic structures.

a bolus dose of ketamine 10

mg i.v. before surgical incision,  Denmark

followed by continuous i.v.

infusion of ketamine 10 mg h*

for 48 h after operation. For the

first 24 h after surgery, patients

received a continuous infusion

of 4 ml/h 1 of epidural

bupivacaine 2.5 mg ml*. From

24 to 48 h after operation

preceded they received

epidural morphine 0.2 mg/h™.

by a bolus dose of 2 mg. In

addition, patients were offered

PCA with morphine (2.5 mg,

lockout time 15 min) for 0—48 h

after operation.

n=30

Opioid:

After induction of general
anaesthesia, patients were
allocated randomly to receive a
bolus dose of ketamine 10 mg
i.v. before surgical incision,
followed by continuous i.v.
infusion placebo for 48 h after
operation. For the first 24 h
after surgery, patients received
a continuous infusion of 4 ml/h -

Outcomes

Pain
Additional medication

Comments

Control group received bolus
dose of Ketmamine after
induction.
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Study

Jaksch 2002°7

Intervention and comparison
! of epidural bupivacaine 2.5
mg ml. From 24 to 48 h after
operation preceded they
received epidural morphine 0.2
mg/hL. by a bolus dose of 2
mg. In addition, patients were
offered PCA with morphine (2.5
mg, lockout time 15 min) for 0—
48 h after operation.

n=30

Ketamine + Opioid:

Received an IV bolus of 5
mg/mL Ketamine after the
induction of anaesthesia.
Thereafter a continuous
infusion of the drug was started
using a second syringe, with a
capacity of 50 mL, contained 2
mg/mL of ketamine. During the
first postoperative hour,
patients with VAS scores >3
received fractionated morphine
IV (no more than 2mg per
5min). One hour
postoperatively, each patient
was connected to a PCA pump,
which remained in place until
the fifth postoperative day at
the latest. Morphine 1.5 mg
was administered as a bolus
every 8 min maximally with no
background infusion and no
hourly limit.

n=15

Population

Patients aged 19yrs or older
and ASA physical status | or
Il. Enrolled patients
scheduled for elective
arthroscopic anterior cruciate
ligament repair with or
without meniscus repair.

Austria

Outcomes Comments

Pain

Additional medication
Adverse events:

o Nausea and vomiting
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Study

Javery 1996%°

Intervention and comparison
Opioid:

Received an isotonic sodium
chloride solution in both the
bolus and the infusion. During
the first postoperative hour,
patients with VAS scores >3
received fractionated morphine
IV (no more than 2mg per
5min). One hour
postoperatively, each patient
was connected to a PCA pump,
which remained in place until
the fifth postoperative day at
the latest. Morphine 1.5 mg
was administered as a bolus
every 8 min maximally with no
background infusion and no
hourly limit.

n=15

Ketamine + Opioid:

IV PCA consisting of morphine
with ketamine 1 mg. m1-1 of
each. PCA pumps programmed
to deliver 1 ml of solution with a
lockout of six minutes.

n=22

Opioid:

IVPCA consisting of morphine
1 mg. PCA pumps programmed
to deliver 1 ml of solution with a
lockout of six minutes.

n=20

Population Outcomes

ASA 1 and 2 patients °
between the ages of 21 and
55yrs due to undergo
elective lumbar
microdiscectomy.

USA

Pain

Additional medication
Adverse events:

o Nausea

Comments
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Study
Jendoubi 20171

Joly 2005102

Intervention and comparison
Ketamine + Opioid:

Received an IV ketamine bolus
of 0.15 mg/kg (0.075 ml/kg of
solution of ketamine diluted to a
concentration of 2 mg/ml in
normal saline) at the induction
of anesthesia, followed by
infusion of 0.1 mg/kg/h
intraoperatively and for 24 h
postoperatively. In the PACU,
pain was controlled by titration
of IV morphine.

n=20

Opioid:

Received an equal volume of
normal saline 0.9%. In the
PACU, pain was controlled by
titration of IV morphine.

n=20

Ketamine + Opioid:
Remifentanil ketamine:
intraoperative infusion of
remifentanil at a rate 0.4g kg
min*t and ketamine. Within 4h
after tracheal extubation,
patients were connected to a
PCA device set to deliver 1 mg
morphine as an intravenous
bolus with a 5-min lockout
interval.

n=24

Population

Patients aged =18 years and
the American Society of
Anesthesiologists (ASA)
physical Class | or Il
undergoing elective open
nephrectomy.

Tunisia

Adult patients who were
scheduled to undergo open
colorectal surgery lasting at
least 2 h. ASA physical
status I-lII.

France

Outcomes

e Pain

e Additional medication

e Adverse events:

o Nausea and vomiting
Phsychological distress
Length of hospital stay
Functional capacity

e Pain
e Additional medication
e Adverse events:
o Nausea and vomiting

Comments
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Study

Kapfer 2005%4

Intervention and comparison
Opioid:

Remifentanil (0.05 pg kg-1 min-
1, or 0.4 pg kg-1 min-1) and
saline placebo infusion. Within
4 h after tracheal extubation,
patients were connected to a
PCA device set to deliver 1 mg
morphine as an intravenous
bolus with a 5-min lockout
interval.

n=50

Ketamine + Opioid:

Ketamine 10 mg over 12 min.
Morphine titration (3 mg every
5 min) was resumed until the
VRS was <2 or until 60 min had
elapsed. Opioid given after the
test drugs was considered
supplemental morphine.

n=22

Opioid:

Isotonic saline over 12 min.
Morphine titration (3 mg every
5 min) was resumed until the
VRS was <2 or until 60 min had
elapsed. Opioid given after the
test drugs was considered
supplemental morphine.

n=21

Population

Patients ASA physical status
| or Il, aged 18-65 yr, and
scheduled for major elective
open abdominal (colectomy
by laparotomy), urologic
(nephrectomy by
lombotomy), or orthopaedic
(hip or knee arthroplasty)
surgery under general
anaesthesia.

USA

Outcomes Comments

Pain

Additional medication
Adverse events:

o Nausea and vomiting
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Study
Katz 2004105

Kim 201313

Intervention and comparison
Ketamine (pre-op) + Opioid:
Pre-incision i.v. ketamine bolus
dose (0.2 ml kg-t) and an i.v.
infusion (0.0025 rnl kg-1 min-
1). Post-incision saline.
Continuous intraoperative i.v.
fentanyl.

n=47

Ketamine (post-op) + Opioid:
Pre-incision i.v. ketamine bolus
dose (0.2 ml kg-t) and an i.v.
infusion (0.0025 rnl kg-1 min-
1). Post-incision saline.
Continuous intraoperative i.v.
fentanyl.

n=50

Opioid:

Pre-incision saline and post-
incision saline. Continuous
intraoperative i.v. fentanyl.
n=46

Ketamine + Opioid:

Ketamine infusion of
1pg/kg/min following bolus 0.5
mg/kg or infusion of 2ug/kg/min
following bolus 0.5mg/kg of
ketamine, started before skin
incision intraoperatively, and
continued for 4 hours. Post-
operatively patients were
administered fentanyl using IV-

Population

Patients scheduled for
radical prostatectomy for
prostate cancer.

Canada

Healthy patients with an ASA
of I-1l, aged between 28 and
70 years old, and who were
scheduled for elective major
lumbar spinal surgery. The
type of surgery was posterior
decompression and posterior
lumbar interbody fusion with
instrumentation.

Outcomes

Pain

Additional medication

Pain

Additional medication
Adverse events:

O
O

Nausea
Vomiting

Comments
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Study

Kollender 2008*1%

Intervention and comparison
PCA (bolus dose 15ug of
fentanyl, lockout interval of
5min, no basal infusion).

n=35

Opioid:

Saline bolus plus continuous
infusion started before skin
incision intraoperatively, and
continued for 48 hours. Post-
operatively patients were
administered fentanyl using IV-
PCA (bolus dose 15 ug of
fentanyl, lockout interval of 5
min, no basal infusion).

n=17

Ketamine + Opioid:

PACU attending physician
started IV PCA device in all
patients when sufficiently
awake. Analgesia started when
pain score reached =5. Solution
consisted 1mg morphine, 5 mg
ketamine with 7 minute lockout.
n=30

Opioid:

PACU attending physician
started IV PCA device in all
patients when sufficiently
awake. Analgesia started when
pain score reached =5. Solution
consisted 1.5mg morphine with
7 minute lockout.

Population
South Korea

ASA 1-3 patients scheduled
for one or two major bone
and soft tissue tumour
surgeries.

Israel

Outcomes

e Pain
e Additional medication
e Adverse events:
o Nausea and vomiting

e Psychological distress
and mental well-being

Comments
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Study

Kotsovolis 20157

Kwok 2004118

Intervention and comparison
n=30

Ketamine + Opioid:

Ketamine group patients were
administered 0.3mg/kg
ketamine. In the recovery room
a PCA pump was applied. The
pump contained 50 mg of
morphine at concentration of 1
mg/mL. The bolus dose was
set to 1 mg, and the lockout
time was 10 min. In cases of
supplementary analgesia 1000
mg paracetamol was
administered.

n=28

Opioid:

Placebo group received only
placebo. In cases of
supplementary analgesia 1000
mg paracetamol was
administered.

n=28

Ketamine (pre-op) + Opioid:
IV ketamine 0.15 mg/kg (made
up to 10 mL with normal saline)
immediately before the
induction of anaesthesia
followed by normal saline
10mLafter wound closure.
Post-operatively analgesia was
initially provided with IV
morphine 1.5 mg and was

Population Outcomes Comments

ASA 1 and 2 patients aged °
18-79 years undergoing
Laparoscopic
Cholecystectomy.

Greece

Women, ASA physical status e
| or Il, aged between 18 and
65 yr, scheduled for

laparoscopic gynaecologic

surgery.

Hong Kong

Pain

Additional medication
Adverse events:

o Nausea and vomiting

Pain
Additional medication
Length of hospital stay
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Study

Intervention and comparison
repeated every 5min until the
patient was comfortable or
when the visual analogue scale
(VAS) pain score was <20 mm.
On the ward, patients received
IM morphine 0.15 mg/kg every
4h.

n=45

Ketamine (post-op) + Opioid:
Saline before the induction of
anaesthesia and ketamine 0.15
mg/kg after wound closure.
Post-operatively analgesia was
initially provided with 1V
morphine 1.5 mg and was
repeated every 5min until the
patient was comfortable or
when the visual analogue scale
(VAS) pain score was <20 mm.
On the ward, patients received
IM morphine 0.15 mg/kg every
4h.

n=45

Opioid:

Normal saline before the
induction of anaesthesia and
after wound closure. Post-
operatively analgesia was
initially provided with IV
morphine 1.5 mg and was
repeated every 5min until the
patient was comfortable or
when the visual analogue scale
(VAS) pain score was <20 mm.

Population

Outcomes

Comments
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Study

Lahtinen 200411°

Intervention and comparison  Population
On the ward, patients received

IM morphine 0.15 mg/kg every

4h.

n=45

Patients scheduled for

Received a 75 ug/kg bolus of elective coronary artery
ketamine in 15 mL of normal bypass grafting with
saline. Bolus dosing (15 min) of cardiopulmonary bypass and
either ketamine was followed younger than 70 yr of age
by continuous infusion of were considered eligible for
ketamine 1.25 ug-kg-min for  the study.

48 h after arrival to the PACU.

A PACU nurse administered Finland

oxycodone as 2-mg boluses

every 10 min until the VAS

score at rest was <3 or until

excessive sedation developed.

After opioid titration and

repeating the instructions, the

patients had access to

oxycodone with a PCA device:

bolus dose, 2 mg; dose

duration, 2 min; lockout

interval, 13 min (15-min

effective lockout time).

n=48

Ketamine + Opioid:

Opioid:

Received a 15-mL bolus of
normal saline from a syringe
with an identical appearance
followed by continuous infusion
of placebo infusion at the same
rate for 48 h after arrival. A

Outcomes Comments

e Pain
e Additional medication
e Adverse events:
o Nausea and vomiting

e Psychological distress
and mental well-being
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Study

Lak 2010120

Intervention and comparison
PACU nurse administered
oxycodone as 2-mg boluses
every 10 min until the VAS
score at rest was <3 or until
excessive sedation developed.
After opioid titration and
repeating the instructions, the
patients had access to
oxycodone with a PCA device:
bolus dose, 2 mg; dose
duration, 2 min; lockout
interval, 13 min (15-min
effective lockout time).

n=51

Ketamine + Opioid:

Ketamine was administered
separately with an initial bolus
of 0.5 mg/kg followed by
infusion of 2 pg/kg/min during
the first 24 hours and 1
pg/kg/min in the following 24
hours. In both groups, if the
patients requested analgesia, 2
mg of morphine was
administered by nurses without
any limitations as the loading
dose followed by 1 mg every 5
minutes until the VAS became
less than 4.

n=25

Opioid:
In the placebo group, ketamine
was replaced by saline serum

Population

Donors of renal
transplantation with ASA I.

Iran

Outcomes

Comments

Pain

Additional medication
Adverse events:

o Nausea and vomiting
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Study

Launo 2004122

Intervention and comparison

as placebo and administered
under the same conditions.

In both groups, if the patients
requested analgesia, 2 mg of
morphine was administered by
nurses without any limitations
as the loading dose followed by
1 mg every 5 minutes until the
VAS became less than 4.

n=25

Ketamine + Opioid:

intra operative administration of
ketamine (0.7 mg/kg)

n=20

Opioid:

intra operative administration of
Tramadol (15 mg/kg)

n=20

Both groups: All patients
received the same anesthesia,
which consisted of: 1)
premedication: i .v. midazolam
(1-2 mg) in or der to control
emotional state. 2) Induction:
remifentanyl (0 .2-0 .5 pug/kg/mi
n) , propofol ( 1.5 mg/kg),
rocuronium (0 .6 mg/kg) i n 60
s, mask ventilation (air +O2) for
2 min and then tracheal
intubation (TI) at the 3rd minute

Population

Patients: a)age >18 years; b)
non obese patient (obese
patient =patient weight >30%
of ideal weight; Lorentz
table); c) ASAclass I, Il , Il ;
d) elective surgery; e)
absence of allergies or
intolerance to anesthetics; f)
absence of allergies or
intolerance to ketamine and
tramadol; g) comprehending
of Visual Analog Scale (
VAS) and Verbal Rating
Scale ( VRS); h) absence of
psychiatric illness (pastor
present).

Italy

Outcomes

Pain

Adverse events:

O

Nausea and
respiratory
depression

Comments
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Study
Leal 201323

Intervention and comparison  Population

Ketamine + Opioid: Patients aged over 18 years

Remifentanil (0.4 mcg.kg- of age, both sexes, ASA | or
1.min-1) and ketamine (5 II, undergoing video
mcg.kg-1.min-1). Remifentanil  laparoscopic

was increased or decreased as  cholecystectomy.
needed, based on

hemodynamic data Brazil

(hypotension, defined as

systolic blood pressure below

80 mm Hg or mean arterial

blood pressure below 60 mm

Hg). Infusion of solutions was

maintained until wound closure.

Atracurium doses were titrated

to maintain muscle relaxation.

Postoperative pain was treated
with morphine via patient
controlled analgesia (PCA) by
intravenous route, with bolus of
2 mg in 3 mL, 10 minutes
safety interval (administration
blockade), dose limit of 20 mg
in four hours, and without
infusion.

n= 20

Opioid:

Received remifentanil (0.4
mcg.kg-1.min-1) and saline
(0.9%). Remifentanil was
increased or decreased as
needed, based on
hemodynamic data
(hypotension,

defined as systolic blood
pressure below 80 mm Hg or

Outcomes

Pain
Additional medication
Adverse events:

(@)

Nausea and Vomiting

Comments
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Study

Leal 2015124

Intervention and comparison
mean arterial blood pressure
below 60 mm Hg). Infusion of
solutions was maintained until
wound closure. Atracurium
doses were titrated to maintain
muscle relaxation.

Postoperative pain was treated
with morphine via patient
controlled analgesia (PCA) by
intravenous route, with bolus of
2 mg in 3 mL, 10 minutes
safety interval (administration
blockade), dose limit of 20 mg
in four hours, and without
infusion.

n=20

Ketamine + Opioid:

Received remifentanil (0.4
pg/kg per minute)and
ketamine(5ug/kg per minute)
Remifentanil was administered
as necessary until skin closure.
Neostigmine was used for
antagonizing the
neuromuscular block. At the
end of the operation, 0.1
mg/kgmorphine, 20 mg
metoclopramide, and 4.0 mg
ondansetron were
administered.Postoperative
analgesia was achieved with
morphine via a PCA device set
to deliver 2 mg of morphine as
an intravenous bolus with a 10-
minute lockout interval;

Population

Patients aged 218 years, any
sex, classified as American
Society of ASA | or Il, and
undergoing laparoscopic
cholecystectomy at Hospital
SaoPaulo/Federal University
of Séo Paulo

Brazil

Outcomes

Pain

Additional medication
Adverse events:

o Nausea and Vomiting

Comments
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Study

Lee 2014125

Intervention and comparison

continuous infusion was not
allowed.

n=30

Opioid:

Received remifentanil(0.4 ug/kg
per minute)and saline solution.
Remifentanil was administered
as necessary until skin closure.
Neostigmine was used for
antagonizing the
neuromuscular block. At the
end of the operation,0.1 mg/kg
morphine, 20 mg
metoclopramide, and 4.0 mg
ondansetron were
administered. Postoperative
analgesia was achieved with
morphine via a PCAdevice set
to deliver 2 mg of morphine as
an intravenous bolus with a 10-
minute lockout interval;
continuous infusion was not
allowed.

n=30

Ketamine + Opioid:
Anaesthesia induction was
performed with propofol (1.5
mg/kg), and effect-site target
concentration of remifentanil 4
ng/ml (target-controlled
infusion, 4 ng/ml) was infused.
Ketamine (0.3 mg/kg) was IV
injected during anaesthesia

Population Outcomes

Patients aged 20-70 years e Pain
and of American Society of
Anaesthesiologists physical

status 1 or 2 scheduled for

laparoscopic

cholecystectomy under

general anaesthesia.

South Korea

Comments

Intraoperative Ketamine
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Lenzmeier 2008126

induction, and 3 pg/kg/min was
continuously infused during
surgery.

n=20

Opioid:

Anaesthesia induction was
performed with propofol (1.5
mg/kg), and effect-site target
concentration of remifentanil 4
ng/ml (target-controlled
infusion, 4 ng/ml) was infused.
Saline was |V injected during
anaesthesia induction, and was
continuously infused during
surgery.

n=20

Ketamine + Opioid:
0.5mg/kg dose of ketamine by
IV bolus with induction of
general anesthesia.

n=11

Opioid:

0.5mg/kg dose of placebo by IV
bolus with induction of general
anesthesia.

n=11

Both groups: Opioids given as
rescue medication but not
specified which opioid or
regimen.

Inclusion criteria not
specified

USA

Pain
Additional medication
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Study

Li 2016'2°

Lo 2008131

Intervention and comparison

Ketamine + Opioid:
Post-operative pain was
controlled by titration of IV
morphine by nurses who were
blinded to the grouping. The
patients were administered
morphine (3 mg/kg with a
lockout time of 20 min until 1 h-
programmed via IV-PCA
infusion pump as post-
operative analgesia in the
recovery room. Ketamine
infused intravenously with 3
mg/kg/h ketamine.

n=17

Opioid:

Post-operative pain was
controlled by titration of IV
morphine by nurses who were
blinded to the grouping. The
patients were administered
morphine (3 mg/kg with a
lockout time of 20 min until 1 h-
programmed via IV-PCA
infusion pump as post-
operative analgesia in the
recovery room. Infused
intravenously with isotonic
saline.

n=15

Ketamine + Opioid:

Population

Patients scheduled to °
undergo abdominal surgery,
who were between the ages
of 18 to 70 years, and ASA,

grade 1 or 2.

China

Inpatient indicated for °
hysterectomy with o

Outcomes

Pain

Additional medication
Adverse events:

o Nausea and vomiting

Pain
Additional medication

Comments
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Study

Mathisen 1999137

Intervention and comparison

PCA was started in the PACU.
The PCA device was
programmed to deliver 1-mL
doses of medication ketamine
and morphine combined with a
bolus dose of 2 mL permitted
and a lock-out time of 6 min.
The aim of the lock-out period
is to prevent overdose through
excessive demands for
analgesia.

n=15

Opioid:

PCA was started in the PACU.
The PCA device was
programmed to deliver 1-mL
doses of medication, morphine
alone—with a bolus dose of 2
mL permitted and a lock-out
time of 6 min. The aim of the
lock-out period is to prevent
overdose through excessive
demands for analgesia.

n=15

Ketamine (pre-op) + Opioid:
(R) Ketamine 1.0mg/kg pre-
operatively. Post-operatively,
patients administered PCA
meperidine by bolus of
0.1mg/kg with lockout of 5
minutes continued for 4 hours.
n=20

Ketamine (post-op) + Opioid:

Population Outcomes

preference for patient- e Adverse events:

controlled analgesia; No o Nausea and vomiting
documented allergy to

morphine or ketamine.

USA
ASA grade 1-2 patients e Pain
undergoing elective e Additional medication

laparoscopic
cholecystectomy.

Norway

Comments

Preoperative ketamine &
Postoperative ketamine combined
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Study

McKay 200738

Menigaux 2000%42

Intervention and comparison

(R) Ketamine 1.0mg/kg post-
operatively. Post-operatively,
patients administered PCA
meperidine by bolus of
0.1mg/kg with lockout of 5
minutes continued for 4 hours.

n=20

Opioid:

Saline given pre and post-
operatively. Post-operatively,
patients administered PCA
meperidine by bolus of
0.1mg/kg with lockout of 5
minutes continued for 4 hours.
n=20

Ketamine + Opioid:
2.5ug/kg/min ketamine plus
PCA morphine 1mg with 6
minute lockout.

n=19

Opioid:

Saline plus PCA morphine 1mg
with 6 minute lockout.

n=22

Ketamine + Opioid:

Pre anesthesia group + post
anesthesia group. In the PRE
group, the patients received IV
ketamine 10 min after the
induction of anesthesia but

Population

Patients having bowel
resection.

Canada

ASA physical status | or I,
aged 18-65 yr, and
scheduled to undergo
elective arthroscopic ACLR
under general anesthesia,
were enrolled in the study

Outcomes

Pain

Additional medication
Adverse events:

o Nausea

Length of stay in hospital

Pain

Additional medication
Functional measure
o Knee flexion

Comments

Postoperative ketamine
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Study

Intervention and comparison
before tourniquet inflation and
10 mL of isotonic sodium
chloride solution at the end of
surgery after skin closure. In
the POST group, the patients
received 10 mL of isotonic
sodium chloride solution 10 min
after the induction of
anesthesia but before
tourniquet inflation and IV
ketamine at the end of surgery.
In the PACU, the pain was
controlled by a titration of IV
morphine administered by a
nurse. This titration consisted
of repeated boluses of 3 mg

n=30

Opioid:

In the control group, both
injections were of isotonic
sodium chloride solution. In the
PACU, the pain was controlled
by a titration of IV morphine
administered by a nurse. This
titration consisted of repeated
boluses of 3 mg of morphine
every 5 min until the VRS was
<2. The titration was stopped in
case of a sedation score >3 or
a respiratory rate <12
breaths/min. Subsequently, the
patients were given access to a
PCA device. The PCA device
was set to deliver morphine 1
mg as an IV bolus with an

Population

France

Outcomes

Comments
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Study

Menigaux 200143

Intervention and comparison
interval of 5 min and no
background infusion or limits.
This regimen of PCA was
continued for 48 h on the
surgical ward. acetaminophen,
1 g every 6 h, was added
during the second
postoperative day. During
physical therapy sessions 24
and 48 h after surgery, patients
used IV morphine PCA to
provide analgesia.

n=15

Ketamine + Opioid:

After anesthetic induction, 0.15
mg/kg ketamine diluted in
isotonic sodium chloride
solution was injected IV

n=25

Opioid:

After anesthetic induction, a 10-
mL syringe containing either
isotonic sodium chloride was
injected IV

n=25

Both groups: Patients were
premedicated with 100 mg
hydroxyzine orally, 1-2 h
before surgery. Analgesia in
the PACU was provided by
titrating morphine in increments
of 3 mg every 5 min until the

Population Outcomes

Patients aged 18 - 60 e Additional medication
scheduled to undergo

elective arthroscopic

meniscal surgery

France

Comments
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Study

Michelet 2007145

Intervention and comparison
VAS pain score was < 30mm or
the VRS score was < 2. In the
ambulatory unit, naproxen
sodium, 550 mg orally, was
given to all patients. Before
discharge from the hospital,
patients were instructed to take
550 mg naproxen sodium twice
daily and two tablets Di-
Antalvic® (400 mg
acetaminophen and 30 mg
dextro-propoxyphene) every 6
has needed for pain.

Ketamine + Opioid:

PCA device, containing
morphine with ketamine 1 mg
ml-1. All patients received i.v.
acetaminophen 1 g every 6 h
for 3 days. All additional
analgesia such as i.v.
ketoprofen and nefopam
administered to patients during
the following 3 days in order to
lower the VAS to under 40 at
mobilization were considered
as rescue analgesia and
recorded as such. The protocol
for rescue analgesia consisted
of the first administration of i.v.
ketoprofen (first rescue
analgesia line) 100 mg twice a
day for 2 days. The second
rescue analgesic line consisted
of the possible adjunction of i.v.
nefopam (100 mg first in a

Population Outcomes Comments
Aged of 18 yr or older, e Pain score
planned lobectomy by e Additional medication

posterolateral thoracotomy

incision, and the choice of * Adverse events:

PCA in preference to other o Nau_s_ea and
forms of postoperative vomiting
analgesia.

France
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Study

Intervention and comparison
perfusion of 30 min followed by
continuous infusion of 400 mg
per day for 2 days) in the case
of residual pain with a VAS
higher than 40.

n= 25

Opioid:

PCA device, containing
morphine 1 mg ml-1(Group M).
All patients received i.v.
acetaminophen 1 g every 6 h
for 3 days. All additional
analgesia such as i.v.
ketoprofene and nefopam
administered to patients during
the following 3 days in order to
lower the VAS to under 40 at
mobilization were considered
as rescue analgesia and
recorded as such. The protocol
for rescue analgesia consisted
of the first administration of i.v.
ketoprofen (first rescue
analgesia line) 100 mg twice a
day for 2 days. The second
rescue analgesic line consisted

of the possible adjunction of i.v.

nefopam (100 mg firstin a
perfusion of 30 min followed by
continuous infusion of 400 mg
per day for 2 days) in the case
of residual pain with a VAS
higher than 40.

n=25

Population

Outcomes

Comments
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Study

Miziara 2016147

Moro
20177

Intervention and comparison
Ketamine + Opioid:

before surgery, continuous
S(+)-ketamine infusion at a rate
of 0.3mg-kg-1 -h-1. Morphine
was administered at a dose of
0.05mg-kg-1 when the patient
reported pain for the first time
and at a dose of 0.025mg-kg-1
on subsequent occasions.

n=24

Opioid:

equivalent volume of saline at
the same rate. Morphine was
administered at a dose of
0.05mg-kg—1 when the patient
reported pain for the first time
and at a dose of 0.025mg-kg-1
on subsequent occasions.

n= 24

Ketamine + Opioid:
Immediately following
anesthetic induction,
Ketamine(0.2mg/kg or 0.4
mg/kg) was administered. In
Pacu morphine(1-2mg) was
administered iv every 10 min to
maintain pain score below 4 (1
mg when the pain score was
<7 and 2 mg when it was 7.
Following discharge from the
PACU (minimum stay 60 min
and Aldrete score 29), all of the
participants were given

Population

Patients aged 18-65 years
with American Society of
ASA 1-2.

Brazil

135 patients aged 18-65
years old, With an ASA
Physical status | or Il, who
where scheduled to undergo
laparoscopic
cholecystectomy

Brazil

Outcomes

Pain
Additional medication

Pain

Additional medication
Nausea and vomiting
Lengh of stay in PACU

Comments
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ketoprofen (100mg) every 12
hours and dipyrone (30 mg/kg,
maximum 1 g every 6h IV.
Whenever patients judged their
analgesia to be insufficient,
tramadol (100mg) was
administered IV at eight-hour
minimum intervals.

n=90

Opioid:

Immediately following
anesthetic induction, Normal
saline was administered. In
Pacu morphine(1-2mg) was
administered iv every 10 min to
maintain pain score below 4 (1
mg when the pain score was
<7 and 2 mg when it was 27.
Following discharge from the
PACU (minimum stay 60 min
and Aldrete score 29), all of the
participants were given
ketoprofen (100mg) every 12
hours and dipyrone (30 mg/kg,
maximum 1 g every 6h IV.
Whenever patients judged their
analgesia to be insufficient,
tramadol (100mg)

was administered IV at eight-
hour minimum intervals.

n=45
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Study
Morue 2018159

Intervention and comparison
Ketamine + Opioid:

Received conscious sedation
with the ketamine infusion and
a TCI of remifentanil titrated to
maintain a pain VAS equal to or
less than 30 mmm. Ketamine at
the concentration of 1mg ml-1.
rapid infusion of ketamine (40
pg kgl min-1) was
administered over 5 min (total
dose of 0.2 mg kg-1) followed
by continuous infusion at fixed
rate of 2.5 pug kg-1 min-1 until
the end of surgery. TCI
remifentanil was guided by a
standardised protocol. A TCI
pump was used for the
remifentanil infusion. A
concentration of 2 ng ml-1 of
remifentanil was established
before the start of the
procedure, and the surgeon
waited until 2 min before the
first painful stimulation.
Concentration was increased in
increments of 1ngml-1 until the
pain experienced by the patient
was less than 30 mm on VAS.

n=67

Opioid:

Received 0.9% saline infusion
and a TCI of remifentanil
titrated to maintain a pain VAS
equal to or less than 30 mmm.
A TCI pump was used for the

Population Outcomes Comments
Female patients undergoing e Pain
oocyte retrieval by e Additional medication

transvaginal ultrasound-

guided ovarian puncture. *

Belgium

Adverse events:

o Nausea, vomiting
and respiratory
depression

Length of stay in PACU
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Study

Murdoch 2002161

Intervention and comparison  Population
remifentanil infusion. A
concentration of 2 ng ml-1 of
remifentanil was established
before the start of the
procedure, and the surgeon
waited until 2 min before the
first painful stimulation.
Concentration was increased in
increments of 1ngml-1 until the
pain experienced by the patient
was less than 30 mm on VAS.

n=65

Ketamine + Opioid: ASA grade 1-2 patients
During the procedure, entered the study and
morphine was administered underwent elective total
from the patients PCA syringe. ~ abdominal hysterectomy with
Patients also receive 7.5 mg.m- Or without bilateral salping-
2 of ketamine. PCA setting was Oopherectomy.

for 1ml bolus, 5-min lockout

and a background infusion of UK

1ml.h-1 If necessary, a bolus

from the PCA syringe was

given, patients being

discharged to the ward when

comfortable

n=21

Opioid:

During the procedure,
morphine was administered
from the patients PCA syringe.
PCA setting was for 1ml bolus,
5-min lockout and a
background infusion of 1ml.h-1

Outcomes

e Pain
e Additional medication

Comments
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Study

Nesher 2008163

Nesher 2009162

Intervention and comparison
If necessary, a bolus from the
PCA syringe was given,
patients being discharged to
the ward when comfortable.
n=21

Ketamine + Opioid:

PCA drug bolus injections
consisted of 1mg morphine + 5
mg ketamine. The device was
pre-set to deliver bolus
whenever patient activated it,
controlled by 7 min lockout
period. If pain was not
attenuated within 30 min of
initial activation, a rescue dose
of im diclofenac was available.

n=30

Opioid:

PCA drug bolus injections
consisted of 1.5 mg morphine
alone. The device was pre-set
to deliver bolus whenever
patient activated it, controlled
by 7 min lockout period. if pain
was not attenuated within 30
min of initial activation, a
rescue dose of im diclofenac
was available.

n=30

Ketamine + Opioid:
Drug injections consisted of
1mg morphine plus 5 mg

Population

Patients scheduled for
elective Minimally Invasive
Direct Coronary Artery
Bypass or Off-pump
coronary artery bypass or for
lung resection via
anterolateral thoracotomy
were enrolled.

Israel

Patients referred for a first
time isolated coronary
bypass and if their surgeon

Outcomes Comments

Pain

Additional medication
Adverse events:

o Nausea and vomiting

Pain
Additional medication
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Study

Nielsen 2017166

Intervention and comparison
ketamine bolus. A blinded
anesthesiologist administered
the first dose, after which the
PCIA device was turned on.
The device was pre-set to
deliver similar boluses
whenever the patient activated
it, controlled by a 7-min lockout
period.

n=22

Opioid:

Drug injections consisted of
1.5mg morphine plus saline
infusion. A blinded
anesthesiologist administered
the first dose, after which the
PCIA device was turned on.
The device was pre-set to
deliver similar boluses
whenever the patient activated
it, controlled by a 7-min lockout
period.

n=22

Ketamine + Opioid:
S-ketamine (0.25 mg/mL) bolus
0.5 mg/kg, followed by infusion
S-ketamine 0.25 mg kg-1 h-1.
Forty five minutes before
expected completion of the
surgery, morphine 0.4 mg kg
was administered
intravenously. For all patients,
post operative pain treatment

Population

considered them candidates
for a Minimally Invasive
Direct Coronary Artery
Bypass procedure, or if they
were to undergo lung

surgery.

Israel

Patients undergoing lumbar
fusion surgery during general
anesthesia were approached
for inclusion in the trial.
Additional inclusion criteria
were chronic back pain >3
months preoperatively, daily
use of strong opioids for
back pain>6 weeks
preoperatively (morphine
oxycodone, tramadol,

Outcomes

Adverse events:
o Nausea and vomiting

Pain
Additional medication
Adverse events:

o Nausea and
vomiting

Comments
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Study

Intervention and comparison
during the first 24 hours
consisted of 1000 mg oral
paracetamol every 6 hours,
starting 2 hours
postoperatively, and the
patients usual opioid treatment.
In addition all patients received
IV PCA with morphine (bolus
2.5 mg, lockout time 5 minutes,
and no background infusion)
Rescue medication (IV
morphine 2.5 mg p.n.) was
administered by nurse in PACU
for the first postoperative hour
in case the PCA was
insufficient.

n=75

Opioid:

Control group -
placebo(isotonic saline) bolus,
followed by infusion S-ketamine
0.25 mg kg-1 h-1. Forty five
minutes before expected
completion of the surgery,
morphine 0.4 mg kg was
administered intravenously. For
all patients, post operative pain
treatment during the first 24
hours consisted of 1000 mg
oral paracetamol every 6 hours,
starting 2 hours
postoperatively, and the
patients usual opioid treatment.
In addition all patients received
IV PCA with morphine (bolus

Population

buprenorphine, fentanyl or
ketobemidone), age 18 to 85
years, ASA of 1 to 3, and
body mass index 18 to 40
kg/mz

Denmark

Outcomes

Comments

aulwelay snousAeu|
TVYNIH 21ed SA!lE?JSdO!JSd



G6T
'S1y6u Jo 82110N 01 103[gNnS panlasal sIybu I "020Z IDIN @

Study

Nistal-Nuno
2014168

Intervention and comparison
2.5 mg, lockout time 5 minutes,
and no background infusion)
Rescue medication (IV
morphine 2.5 mg p.n.) was
administered by nurse in PACU
for the first postoperative hour
in case the PCA was
insufficient.

n=75

Both groups: One hour before
the surgery, all patients
received their usual dose of
opioids and oral paracetamol
1000 mg. general anesthesia
was induced and maintained
with propofol( variable rate) and
remifentanil (fixed rate 40 pg
kg-1 h-1). Rocuronium (0.6-
1.0) mg/kg) was used to
facilitate orotracheal intubation
with a cuffed tube.

Ketamine + Opioid:

Received 0.5 mg/kg
intravenous ketamine before
surgical incision. Morphine
administered through PCA as a
basal infusion and the
incremental supplemental bolus
required by the patient.

n=24

Opioid:

Population

Patients aged between 18
and 75 years, normal Body
Mass Index (18.5-24.9),
ASA class I, Il or I,
undergoing elective surgery
with surgery time between
60—150 min.

USA

Outcomes

Pain
Additional medication
Adverse events:

o

Nausea and vomiting

Comments
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Study

Nourozi 201016°

Ong 200172

Intervention and comparison

Received saline before surgical
incision. Morphine administered
through PCA as a basal
infusion and the incremental
supplemental bolus required by
the patient.

n=24

Ketamine + Opioid:

IV administration of drugs was
done in the post anaesthesia
care unit immediately after
awakening the patient when
he/she was conscious.
Prescribed regimen was 5 mg
pethidine and 0.25mg kg-1
ketamine.

n=25

Opioid:

IV administration of drugs was
done in the post anaesthesia
care unit immediately after
awakening the patient when
he/she was conscious.
Prescribed regimen was
pethidine 10 mg.

n=25

Ketamine + Opioid:

Patients received a ketamine
bolus of 0.3 mg/kg diluted in 10
mg/ml dilution prior to
induction.

Population

Patients aged 15-60 years
who were candidates for
elective major abdominal
operations were enrolled into
the study.

Iran

ASA | and Il patients aged
17-50

Australia

Outcomes Comments

Pain

Additional medication
Adverse events:

o Nausea and vomiting

Pain

Additional medication
Length of stay
Adverse events:

o Vomiting
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Study

Pacreu 2012176

Intervention and comparison
n=20

Opioid:

Patients received a
corresponding volume of
normal saline prior to induction.
n= 20

Both groups: Rescue
medication was given in the
form of i.v. fentanyl boluses of
25 g, oral Panadeine Forte 1 g
and Oxycodone 10 mg.

Ketamine + Opioid:
Pre-incisional bolus of IV
racemic Ketamine 0.5mg/kg,
followed by an infusion of 2.5
micrograms/kg/minute.
Postoperatively, patients given
a PCA pump that could deliver
bolus of 1ml (0.25mg of
methadone + 0.5mg Ketamine)
with a lock out period of 10
minutes and a maximum of 3
boluses per hour.

n=11

Opioid:

Pre-incisional bolus of saline,
followed by a saline infusion.
Postoperatively, Patients given
a PCA pump that could deliver
bolus of 1ml (0.5mg of
methadone) with a lock out

Population

ASA | - Il scheduled for
multi-level lumbar
arthrodesis

Spain

Outcomes

Pain
Additional medication

Comments
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Study

Parikh 2011183

Perrin 2009185

Intervention and comparison
period of 10 minutes and a
maximum of 3 boluses per
hour.

n=11

Ketamine + Opioid:

Bolus dose, 10 ml ketamine (1
mg/ml. Infusion during
maintenance, 50 ml of
ketamine (1 mg/ml).

n=30

Opioid:

Bolus dose, 10 ml of normal
saline was used in group C For
infusion during maintenance,
50 ml of normal saline.

n=30

Ketamine + Opioid:
Ketamine 0.5mg/kg bolus
followed by 4 micrograms per
kilogram per minute infusion.
The infusion commenced
before surgical incision and
continued until the surgical
wound was bandaged or the
syring was empty.

n=5

Opioid:

Saline 0.5mg/kg bolus followed
by saline infusion (equivalent
volume to Ketamine infusion).

Population

Adult patients ASA | and I,
18-70 years of age,
scheduled for open renal
surgery under general
anaesthesia.

India

Patients for elective

unilateral, two or three total

knee arthroplasty with an
ASA | —Ill

Australia

Outcomes Comments

Pain
Additional medication
Adverse events:

o Nausea, vomiting
and respiratory
depression

Pain
Additional medication
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Study

Reeves 2001192

Intervention and comparison  Population
The infusion commenced

before surgical incision and

continued until the surgical

wound was bandaged or the

syring was empty.

n=7

Both groups: Intrathecal
injection of 15 mg plain
bupivacaine + 100 micrograms
morphine was administered for
anesthesia. Following the onset
of leg weakness, general
anesthesia was induced. For
postoperative pain relief
patients received 750mg
paracetamol, PCA morphine
2mg bolus with 10 minute lock
out, nurse initiated morphine
rescue 2.5mg IV every 10
minutes as required if pain
score >8/10 on movement,
Ibuprofen 800mg orally as
rescue if a delay in PCA dose
adjustment by acute pain team
was anticipated.

Ketamine + Opioid: All patients presenting for

PCA consisting morphine 1 elective major abdominal
mg/mL plus ketamine 1mg/mL  surgery involving a midline
n=36 incision were identified.
Opioid: Australia

PCA morphine 1 mg/mL
n=36

Outcomes

Additional medication

Comments

The settings for the PCA (bolus
size, lock-out interval, and
background infusion) were
determined by the
anaesthesiologist.
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Study

Remerand 20091°3

Reza 2010194

Intervention and comparison

Ketamine + Opioid:

Between induction and skin
incision, patients received an IV
bolus of 0.5 mg/kg ketamine
(maximum 50 mg) from the first
blinded 5-mL syringe, followed
by a 24-h infusion using the
second study syringe at 2 mL/h
(equivalent to 2 Micrograms/
kg-1/ min-1)

n=80

Opioid:

Patients received a similar
blinded saline bolus and
infusion (equivalent to
Ketamine infusion)

n=80

Ketamine + Opioid:

Received 0.5 mg/kg
intravenous ketamine (diluted
to 10 mL with normal saline).
After the delivery of fetus, 10 1U
oxytocin, 2ug/kg fentanyl and
0.15 mg/kg of morphine were
used IV.

n=30

Opioid:

Received 10 mL with normal
saline. After the delivery of
fetus, 10 IU oxytocin, 2pg/kg

Population

All adult patients scheduled
for a nononcologic Total Hip
Arthroplasty

France

women with ASA status 1
and 2, who requested
general anaesthesia for their
elective caesarean section

Iran

Outcomes Comments

e Pain

e Additional medication
e Length of stay

e Functional measures

o First transfer, first
steps

e Pain
e Additional medication
e Adverse events:
o Nausea and vomiting
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Study

Roytblat 19931%°

Intervention and comparison  Population

fentanyl and 0.15 mg/kg of
morphine were used IV.

n=30

Ketamine + Opioid: Women, ASA grade | and
Ketamine IV, 0.15 mg/kg 5 min 11, undergoing elective open
before surgical incision. Both cholecystectomy via a
groups were treated with PCA  subcostal incision.

in exactly the same way, by

boluses of 2 mg of morphine Israel

with a lockout period of 10 min.

A background infusion of

morphine of 1 mg/h was

provided. This regimen of PCA

was continued in the surgical

department for 24 h, during

which no other analgesics were

administered.

n=11

Opioid:

Saline given as control. Both
groups were treated with PCA
in exactly the same way, by
boluses of 2 mg of morphine
with a lockout period of 10 min.
Abackground infusion of
morphine of 1 mg/h was
provided. This regimen of PCA
was continued in the surgical
department for 24 h, during
which no other analgesics were
administered.

n=11

Outcomes

Pain
Additional medication
Adverse events:

o

Nausea and vomiting

Comments
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Safavi 20112%1

Sahin 2004292

Intervention and comparison
Ketamine + Opioid:

IV ketamine 1 mg/kg plus
subcutaneous infiltration of
saline, before surgery.
Morphine 0.1 mg/kg was
administered for intraoperative
analgesia intravenously.

n=30

Opioid:

Subcutaneous infiltration of
normal saline 20 mL plus IV
saline before surgery. Morphine
0.1 mg/kg was administered for
intraoperative analgesia
intravenously.

n=30

Ketamine + Opioid:
Remifentanil infusion of 0.1ug
kg-1 min-1 + ketamine 0.5
mgkg-1 with the induction.
Postoperative morphine was
used PCA with the loading
dose of 1 mg with a lockout
interval of 15 min.

n=17

Opioid:

Bolus of the same volume
saline. Postoperative morphine
was used PCA with the loading
dose of 1 mg with a lockout
interval of 15 min.

Population

ASA physical status I-I
patients, aged 18-60 years
old, scheduled for open
cholecystectomy.

Iran

ASA 1nd 2 patients
scheduled for lumbar
discectomy.

Turkey

Outcomes

Pain

Additional medication
Length of ICU stay
Adverse events:

o Nausea and
vomiting

Pain
Additional medication

Comments
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Study

Singh 20132%7

Snijdelaar 20042%°

Intervention and comparison
n=14

Ketamine + Opioid:

Patients received ketamine in
dose 1mg/kg or 0.75 mg/kg or
0.5 mg/kg. Patients were
informed before the surgery
that they can request an
analgesic if they feel pain which
was administered using iv
fentanyl 1g/kg. furthermore
supplemental analgesia was
administered using iv boluses
of fentanyl 1g/kg as an when
patient requested

n=60

Opioid:

Isotonic saline. Patients were
informed before the surgery
that they can request an
analgesic if they feel pain which
was administered using iv
fentanyl 1g/kg. Furthermore
supplemental analgesia was
administered using iv boluses
of fentanyl 1g/kg as an when
patient requested.

n=20

Ketamine + Opioid:

The PCA system was
programmed to deliver a bolus
of 0.5 ml, corresponding to a

Population

Adult patients with ASA
grades 1 and 2 and
scheduled for laparoscopic
cholecystectomy using a
standardized general
anaesthesia technique.

India

Men scheduled for radical
retropubic prostatectomy,
ASA class 1-3.

Outcomes

Pain

Additional medication
Adverse events:

o Nausea and vomiting

Pain

Additional medication
Adverse events:

o Nausea and vomiting

Comments
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Study

Song 20132t

Intervention and comparison

bolus dose of 0.5 mg ketamine
plus 1 mg of morphine.

n=14

Opioid:

The PCA system was
programmed to deliver a bolus
of 0.5 ml with saline,
corresponding to 1 mg
morphine.

n=14

Ketamine + Opioid:
Immediately after the induction
of anaesthesia, 0.3mgkg-1 of
ketamine was injected and IV-
PCA was commenced. The
PCA regimen consisted of

fentanyl 20 mg kg-1 and
ondansetron 8 mg (total volume
including saline: 180 ml) and
was programmed to deliver 2
ml h-1 as a background
infusion and a bolus of 2 ml on-
demand, with a 15 min lockout
time during a 48 h period.
Ketamine 3 mg kg-1 was mixed
to IV-PCA.

n=25

Opioid:

Immediately after the induction
of anaesthesia, 0.3mgkg-1 of
normal saline was injected to
the patients in the control group

Population
Canada

Non-smoking female patients
between 20 and 65 yr of age,
who were ASA physical
status | or Il and undergoing
1-2 level posterior lumbar
spinal fusion surgery.

South Korea

Outcomes

Pain
Additional medication
Adverse events:

O

Nausea and vomiting

Comments
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Stubhaug 199727

Intervention and comparison
and IV-PCA was commenced.
The PCA regimen consisted of
fentanyl 20 mg kg-1 and
ondansetron 8 mg (total volume
including saline: 180 ml) and
was programmed to deliver 2
ml h-1 as a background
infusion and a bolus of 2 ml on-
demand, with a 15 min lockout
time during a 48 h period.
Normal saline was mixed to IV-
PCA.

n=25

Ketamine + Opioid:

After induction of anaesthesia
but before the surgery patients
in the ketamine group received
iv bolus of racemic ketamine
0.5 mg kg-1 followed by
continuous infusion of ketamine
2ug kg-1 min-1 for 24 hours.
After 24 hours the infusion rate
was reduced to 1ug kg-1 min-1
for another 48 hours. PCA
morphine bolus of 1 mg with a
5 min lockout period. Additional
morphine was given and
recorded by intensive care
nurses.

n=10

Opioid:
Identical volumes of saline.
PCA morphine bolus of 1 mg

Population

Patients previously healthy
(ASA 1 and 2), scheduled for
nephrectomy as part of
living-donor kidney
transplant programme.

Norway

Outcomes Comments

e Pain

e Additional medication
Adverse events:
o Nausea
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Subramaniam
201128

Suzuki 1999221

Intervention and comparison
with a 5 min lockout period.
Additional morphine was given
and recorded by intensive care
nurses.

n=10

Ketamine + Opioid:

Patients received IV bolus
ketamine 0.15 mg/kg at
induction and continued on 2
mg/kg/min IV ketamine infusion
intraoperatively and
postoperatively for 24 hours.
IVPCA hydromorphone was
started once the patients were
awake enough to understand
the settings.

n=15

Opioid:

Patients received IV normal
saline bolus at induction and
continued as IV infusion for 24
hours. IVPCA hydromorphone
was started once the patients
were awake enough to
understand the settings.

n=15

Ketamine + Opioid:

Morphine 50ug/kg plus
Ketamine 50 mg/kglV 75 mg/kg
IV or 100mg/kg IV 15 min
before the end of the operation.

Population

ASA physical status 1, 2, and 3,
who underwent lumbar or
thoracolumbar laminectomy
and fusion for back pain.

USA

Patients, ASA | or Il,
scheduled for elective
outpatient surgery.

USA

Outcomes

Comments

Pain

Additional medication
Adverse events:

o Nausea

o Vomiting

Length of hospital stay
Length of ICU stay
Functional measure

Pain

Additional medication
Adverse events:

o Nausea
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Study

Sveticic 2008222

Tang 2010%2°

Intervention and comparison
n=105

Opioid:

Morphine 50ug/kg with placebo
before the end of the surgery.
n=35

Ketamine + Opioid:
Postoperatively, patients
received a bolus of morphine
plus ketamine 1.5 mg each
n=176

Opioid:

Postoperatively, patients
received a bolus of morphine
1.5 mg

n=176

Ketamine + Opioid:

Sedation was initiated with
fentanyl 1pg/kg, administered
intravenously over 10 seconds.
After 150 seconds, 10 mg/mL
Ketamine administered.
Immediately propofol, 2 mg mL
was administered in all patients
at 4 mg/s

n=40

Opioid:
Sedation was initiated with
fentanyl 1ug/kg, administered

Population

Patients undergoing major
elective orthopedic surgery
were studied.

Switzerland

Women ASA 1 and 2
undergoing outpatient
laparoscopic procedures in
west china second hospital
were included in the study.

China

Outcomes

Comments

Pain
Additional medication
Adverse events:

o Nausea

o Vomiting

o Respiratory
depression

Pain

Additional medication
Adverse events:

o Nausea

Length of stay in ICU
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Unlugenc 20022

Unlugenc 2003238

Intervention and comparison
intravenously over 10 seconds.
After 150 seconds, 0.05mL/kg
of 9 % normal saline
administered. Immediately
propofol, 2 mg mL was
administered in all patients at 4
mg/s

n=40

Ketamine + Opioid:

PCA Tramadol 5mg/ml +
ketamine 1 mg/ml. In all groups
4 mg odansetron and and 0.4
mg/kg meperidine were
prescribed intravenously every
4 hours as rescue antiemetic
and analgesic respectively.

n=22

Opioid:

PCA Tramadol 5 mg/ml. In all
groups 4 mg odansetron and
and 0.4 mg/kg meperidine were
prescribed intravenously every
4 hours as rescue antiemetic
and analgesic respectively.

n=21

Ketamine + Opioid:

PCA morphine 0.4mg.mL? +
ketamine 1mg.mL-1. First
standardised loading dose
(0.05 mgkg?) was given to the
patients VRS=2. Patients were
allowed to use bolus doses of

Population

ASA Physical status 1 or 2
patients, between the ages
of 18 and 59 years,
scheduled for elective major
abdominal surgery with
general.

Turkey

ASA |-l patients, aged 16-60
yr, scheduled for elective
major abdominal surgery
with general anaesthesia.

Turkey

Outcomes Comments

Pain

Additional medication
Adverse events:

o Nausea

Pain

Additional medication
Adverse events:

o Nausea
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Webb 2007245

Intervention and comparison  Population
their study solution (0.0125

mg.kg* every 20min without

time limit) with the PCA device.

n=30

Opioid:

PCA morphine 0.4mg.mL™.
First standardised loading dose
(0.05 mgkgt) was given to the
patients VRS=2. Patients were
allowed to use bolus doses of
their study solution (0.0125
mg.kg?! every 20min without
time limit) with the PCA device.
n=30

Ketamine + Opioid:

Ketamine group: IV ketamine
initial dose of 0.3 mg/kg at and weighed 41-117 kg.
anaesthetic induction and a Several surgeons and
ketamine infusion at 0.1 mg kg-  anesthesiologists managed
1 h-1 for 48 h. In the post study subjects and most
anaesthesia care unit, patients  patients (91%) had upper
were given \VJ morphine abdominal incisions.
boluses according to

institutional protocol to achieve  Australia

a pain score on the 11 point (0—

10) verbal rating scale (VRS) of

<4. Morphine PCA delivering a

1-mg bolus and 5-min lockout

time was connected on

discharge from the post

anaesthesia care unit to

manage pain uncontrolled by

study medications and

continued throughout the 48-h

study period. Thus, patients

Patients were ASA physical
status I-Il, aged 19-89 yr,

Outcomes

Pain

Adverse events

o

Nausea

Comments
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Study

Weinbroum
2003246

Intervention and comparison
had three separate mechanical
infusion devices during the
study.

n=56

Population

Opioid:

Control group: An equivalent
volume of normal saline at
induction followed by a normal
saline infusion at equivalent
rate to maintain blinding. In the
post anaesthesia care unit,
patients were given IV
morphine boluses according to
institutional protocol to achieve
a pain score on the 11point (0—
10) verbal rating scale (VRS) of
<4. Morphine PCA delivering a
1-mgbolus and 5-min lockout
time was connected on
discharge from the post
anaesthesia care unit to
manage pain uncontrolled by
study medications and
continued throughout the 48-h
study period. Thus, patients
had three separate mechanical
infusion devices during the
study.

n=64

Ketamine + Opioid: Patients with ASA physical
15ug/kg of morphine plus 250 status | to lll, scheduled for

ug/kg of ketamine. elective surgery (abdominal
n=131 general surgery, orthopedic

surgery, transthoracic lung

Outcomes Comments
Pain Higher morphine dose in opioid
Additional medication only group.

Adverse events:
o Nausea and vomiting
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Study

Wilder-Smith
1998250

Intervention and comparison

Opioid:

30pg/kg of morphine plus
saline. Patients were given up
to three such IV boluses either
until the pain VAS was =<40f10
or 10 min had passed. An
anesthesiologist who did not
participate in the study
prepared the separate
syringes. If pain was not
attenuated with either regimen,
a rescue dose of IM diclofenac
75 mg was given

n=114

Ketamine + Opioid:

Three minutes before
anesthesia induction, patients
received fentanyl, intravenous
injection. Five minutes before
skin incision, 0.25 mg/kg
ketamine, was injected and
subsequently repeated at 30-
min intervals. The final dose
was given approximately 45
min before the end of surgery.
Morphine PCA was started 30
min post extubation in the
recovery room (loading bolus
40 kg/kg, PCA bolus 25 pg/kg;
lockout 5 min, background
infusion 15 PLg . kg-i . h-i).
PCA morphine was
discontinued 24 h
postoperatively, and analgesia

Population Outcomes

biopsy or wedge resection)
under general anaesthesia.

Israel

ASA physical status | or Il e Pain

patients undergoing elective  additional medication
abdominal hysterectomy.

Denmark

Comments
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Study

Yalcin 2012253

Intervention and comparison
on the ward continued with per
OS diclofenac

n=15

Opioid:

Three minutes before
anesthesia induction, patients
received fentanyl, intravenous
injection. Five minutes before
skin incision, 0.75 pg/kg
fentanyl, was injected and
subsequently repeated at 30-
min intervals. The final dose
was given approximately 45
min before the end of surgery.
Morphine PCA was started 30
min post extubation in the
recovery room (loading bolus
40 kg/kg, PCA bolus 25 pg/kg;
lockout 5 min, background
infusion 15 PLg . kg-i . h-i).
PCA morphine was
discontinued 24 h
postoperatively, and analgesia
on the ward continued with per
OS diclofenac.

n=15

Ketamine + Opioid:

Received intravenous bolus
ketamine 0.5 mg/kg, before the
induction of anesthesia. Also
received a maintenance
infusion of5 pg/kg/min ketamine
intraoperatively until skin

Population

Patients of ASA physical
status I-1l scheduled for
elective total abdominal
hysterectomy.

Turkey

Outcomes

Pain
Additional medication

Comments
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Study

Yeom 2012255

Intervention and comparison
closure. When VAS score was
<5, patients were connected to
a PCA device set to deliver
1mg morphine as an iv bolus
with a 6-min lockout interva.
This PCA regimen was
continued for 48 hrs

n=30

Opioid:

Received physiologic saline
before the induction of
anaesthesia. When VAS score
was <5, patients were
connected to a PCA device set
to deliver 1 mg morphine as an
iv bolus with a 6-min lockout
interval; continuous infusion
was not allowed. This PCA
regimen was continued for 48
hrs

n=30

Ketamine + Opioid:
Intravenous PCA consisting of

fentanyl 0.4 pg/ml/kg with
ketamine 30 pg/mi/kg

n=20

Opioid:

PCA consisting either of
fentanyl 0.4 pg/mi/kg
n=20

Population Outcomes

Patients between the ages of e Pain

38-78 years undergoing 1-2 -, additional medication
level posterior lumbarspinal
fusion. All of the patients i
were ASA physical status o Nausea and vomiting
classification 1, 2, or 3.

Adverse events:

South Korea

Comments

aulwelay snousAeu|
TVYNIH 21ed SA!lE?JSdO!JSd



v12
'S1y6u Jo 82110N 01 103[gNnS panlasal sIybu I "020Z IDIN @

Study
Zakine 200827

Intervention and comparison  Population

Ketamine (pre-op) + Opioid: Patients over the age of 18
PERI group receiving IV bolus ~ Yr scheduled to undergo
of 0.5 mg/kg of ketamine 10min Major abdominal, urologic, or
before the incision followed by ~ Vvascular surgery.

IV infusion of 2 pg.kg-1.min-1

of ketamine starting after this Erance

bolus and continued for 48 h

postoperatively. In the post-

anaesthesia care unit, a

loading dose of 3 mg of IV

morphine was administered,

followed by another 3 mg dose,

5 min later if necessary, until a

VAS = 40 was achieved. A

PCA pump device was then

started in all three groups. The

PCA contained 1 mg/mL of

morphine base and 2.5 mg/50

mL of droperidol. The lockout

time was 7 min with no limit

dose or background infusion.

This PCA regimen was

continued for 48 h.

n=27

Ketamine (peri-op) + Opioid:
INTRA group receiving an IV
bolus of 0.5 mg/kg of
ketaminel0 min before the
incision, followed by an IV
infusion of 2 pg kg-1 min-1 of
ketamine during surgery, and
IV infusion of 50 mL of normal
saline for 48 h postoperatively;

In the post-anaesthesia care
unit, a loading dose of 3 mg of

Outcomes

Pain
Additional medication
Adverse events:

(@)

Nausea and vomiting

Comments
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Study

Intervention and comparison  Population
IV morphine was administered,
followed by another 3 mg dose,
5 min later if necessary, until a
VAS = 40 was achieved. A
PCA pump device was then
started in all three groups. The
PCA contained 1 mg/mL of
morphine base and 2.5 mg/50
mL of droperidol. The lockout
time was 7 min with no limit
dose or background infusion.
This PCA regimen was
continued for 48 h.

n=27

Opioid:

Control group received
placebo. In the post-
anaesthesia care unit, when
the patient indicated a VAS
score = 40, a loading dose of 3
mg of IV morphine was
administered, followed by
another 3 mg dose, 5 min later
if necessary, until a VAS =40
was achieved. A PCA pump
device was then started in all
three groups. The PCA
contained 1 mg/mL of morphine
base and 2.5 mg/50 mL of
droperidol. The lockout time
was 7 min with no limit dose or
background infusion. This PCA
regimen was continued for 48
h.

Outcomes

Comments
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See appendices for full evidence tables.

4.3.4 Quality assessment of clinical studies included in the evidence review

Table 52: Clinical evidence summary: Opioid + Ketamine compared to opioid for post-operative pain
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Pain: VAS 1505 OPHOO The mean pain: vas in the control The mean pain: vas in the
Scale from: 0 to 10. (25 studies) VERY LOW1,3 groups was intervention groups was
<6 hours due to 4.08 1.06 lower
inconsistency, (1.72 to 0.41 lower)
imprecision
Pain: VAS 2355 PPHOO The mean pain: vas in the control The mean pain: vas in the
Scale from: 0 to 10. (31 studies) VERY LOW1,3 groups was intervention groups was
6-24 hours  due to 2.94 0.68 lower
inconsistency, (0.96 to 0.41 lower)
imprecision
Pain-none 33 POOO RD 0O Moderate
gthtUdy) VERY LOWZ3 801'5}5 0 0 per 1000 0 fewer per 1000
ours due i fisk ot bias, A2 (from 150 fewer to 150 more)
imprecision
Pain- Mild 33 PPPO Peto OR Moderate
(1 study) MODERATE2 9.03 0 per 1000 Not estimable
4 hours due to risk of bias (1.93 to
42.26)
Pain- Moderate Moderate
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Pain- Severe

Pain- Very severe

Pain-none

Pain-Mild

Pain-Moderate

Pain-Severe

Pain-Very severe

(1 study)
4 hours

33
(1 study)
4 hours

33
(1 study)
4 hours

63
(2 studies)
24 hours

63
(2 studies)
24 hours

63
(2 studies)
24 hours

63
(2 studies)
24 hours

33
(1 study)
24 hours

SICISIS)

VERY LOW2,3
due to risk of bias,
imprecision
SPISISIS)

VERY LOW2,3
due to risk of bias,
imprecision
SPISISIS)

VERY LOW2,3
due to risk of bias,
imprecision
SICISIS)

VERY LOW2,3
due to risk of bias,
imprecision
SSIPISIS)

LOWS3

due to imprecision

SICISIS)

VERY LOW1,3
due to
inconsistency,
imprecision
SIPISIS)

LOW3

due to imprecision

SDDO
MODERATE2
due to risk of bias

RR 0.75
(0.35to
1.59)

RR 0.56
(0.21 to
1.54)

RR 0.38
(0.03 to
5.38)

RR 2.06
(0.56 to
7.55)

RR 0.93
(0.52 to
1.65)

RR 0.63
(0.16 to
2.51)

RD 0.04
(-0.08 to
0.16)

RD O (-
0.15 to
0.15)

556 per 1000

Moderate
444 per 1000

Moderate
111 per 1000

Moderate
111 per 1000

Moderate
467 per 1000

Moderate
422 per 1000

Moderate
0 per 1000

Moderate
0 per 1000

139 fewer per 1000
(from 361 fewer to 328 more)

195 fewer per 1000
(from 351 fewer to 240 more)

69 fewer per 1000
(from 108 fewer to 486 more)

118 more per 1000
(from 49 fewer to 727 more)

33 fewer per 1000
(from 224 fewer to 304 more)

156 fewer per 1000
(from 354 fewer to 637 more)
40 more per 1000

(from 80 fewer to 160 more)

0 fewer per 1000
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Pain: patients with no pain 30

(1 study)

Pain: patients with pain 30

(1 study)

Adverse events mean 206
nausea score
Adverse events mean 245
Nausea score

Adverse events: Nausea 2413
(29 studies)

Adverse events: Vomiting 1770
(24 studies)

Adverse events: Nausea 1949
(32 studies)

and vomiting

(4 studies)
24 hours

(3 studies)
48 hours

SODDO
MODERATE2
due to risk of bias

SPISISIS)

LOW2,3

due to risk of bias,
imprecision
SPISISIS)

LOW1,3

due to
inconsistency,
imprecision
SPIPISPIS)
MODERATES
due to imprecision

SO
HIGH

SIS SIS)
LOWS3
due to imprecision

SIS IS)
MODERATE3
due to imprecision

RR 5
(2.31to
19.07)

RR 0.38
(0.18 to
0.81)

RR 0.98
(0.88 to
1.10)

RR 1.17
(0.92 to
1.49)

RR 0.76
(0.66 to
0.88)

Moderate
133 per 1000

Moderate
867 per 1000

Moderate
305 per 1000

Moderate
118 per 1000

Moderate
300 per 1000

Moderate

(from 150 fewer to 150 more)

532 more per 1000
(from 41 more to 1000 more)

538 fewer per 1000
(from 165 fewer to 711 fewer)

The mean adverse events mean
nausea score in the intervention
groups was

0.25 standard deviations lower
(0.83 lower to 0.32 higher)

The mean adverse events mean
ausea score in the intervention
groups was

0.29 standard deviations lower
(0.56 to 0.03 lower)

6 fewer per 1000
(from 37 fewer to 31 more)

20 more per 1000
(from 9 fewer to 58 more)

72 fewer per 1000
(from 36 fewer to 102 fewer)
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Adverse events:
Respiratory depression

Additional opioid
consumption

Additional opioid
consumption

Requiring additional
opioid

Morphine injections (per
patient)

PCA Fentanyl infusion
rate

PCA Fentanyl infusion
rate

723
(6 studies)

1148

(18 studies)
<6 hours
post-op

2851

(44 studies)
24 hours
post-op

485
(8 studies)
24 hours

245
(1 study)

40
(1 study)
<6 hours

40
(1 study)
24 hours

RR 1.05
(0.77 to
1.42)

SIS OIS
LOW3
due to imprecision

SIS
LOW1

due to imprecision,
inconsistency

SPISISIS)
LOW1

due to
inconsistency

RR 0.62
(0.38 to
0.994)

S SISIS)

VERY LOW1,2
due to risk of bias,
inconsistency

(CIIGIS)
MODERATE2
due to risk of bias

(CIGISIS)
LOW2,3

due to risk of bias,
imprecision
SODDO
MODERATE2
due to risk of bias

100 per 1000

Moderate
571 per 1000

The mean morphine injections (per
patient) in the control groups was
2.52 injections

The mean pca fentanyl infusion rate
in the control groups was
14

The mean pca fentanyl infusion rate
in the control groups was
0.6

5 more per 1000
(from 23 fewer to 42 more)

The mean additional opioid
consumption in the intervention
groups was

0.91 standard deviations lower
(1.35 t0 0.47 lower)

The mean additional opioid
consumption in the intervention
groups was

1.25 standard deviations lower
(1.63 to 0.86 lower)

217 fewer per 1000
(from 6 fewer to 354 fewer)

The mean morphine injections (per
patient) in the intervention groups
was

1.17 lower

(1.31 to 1.03 lower)

The mean pca fentanyl infusion rate
in the intervention groups was

0.1 higher

(0.24 lower to 0.44 higher)

The mean pca fentanyl infusion rate
in the intervention groups was

0 higher

(0.24 lower to 0.24 higher)
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PCA use (morphine or
morphine+ketamine)

Rescue analgesic
interventions

Rescue Meperidine
consumption

Requiring rescue NSAIDs

Rescue NSAID
requirement (mean times)

Requiring rescue propofol

Rescue propofol (mean
dose)

278
(3 studies)
24 hours

410
(4 studies)
24 hours

40
(1 study)

829
(7 studies)

200
(1 study)
48 hours

80
(1 study)

80
(1 study)

(CIGISIS)
LOW1,2

due to risk of bias,
inconsistency

SDDO
MODERATE2
due to risk of bias

SPDO
MODERATE2
due to risk of bias

DDDO
MODERATE2
due to risk of bias

SPISPISIS)
HIGH

SO

HIGH

DDDD
HIGH

RR 0.54
(0.4 to
0.72)

RR 0.95
(0.8 to
1.13)

RR 0.22
(0.11 to
0.44)

The mean pca use (morphine or
morphine+ketamine) in the control
groups was

73.18 mg

Moderate
455 per 1000

The mean rescue meperidine
consumption in the control groups
was

36 mg

Moderate
500 per 1000

The mean rescue nsaid requirement
(mean times) in the control groups
was

2.325

Moderate
800 per 1000

The mean rescue propofol (mean
dose) in the control groups was
1.6

Moderate

The mean pca use (morphine or
morphine+ketamine) in the
intervention groups was

15.70 lower

(35.84 lower to 4.44 higher)

209 fewer per 1000
(from 127 fewer to 273 fewer)

The mean rescue meperidine
consumption in the intervention
groups was

14 lower

(19.49 to 8.51 lower)

25 fewer per 1000
(from 100 fewer to 65 more)

The mean rescue nsaid requirement
(mean times) in the intervention
groups was

0.75 lower

(0.97 to 0.54 lower)

624 fewer per 1000
(from 448 fewer to 712 fewer)

The mean rescue propofol (mean
dose) in the intervention groups was
1.2 lower

(1.44 to 0.96 lower)
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Rescue paracetamol
needed

Rescue Tramadol
consumption

Additional Metamizole

Mean remfentanil dose (
pg/kg-1/min-1)

Psychological distress -
Delirium rating scale
Scale from: 0 to 32.

(Better indicated by lower)

Psychological distress
Global assessment score
Scale from: 0 to 4.

(Better indicated by higher
score)

Psychological distress
Global assessment score
Scale from: 0 to 4.

(1 study)

119
(1 study)

352
(1 study)

50
(2 studies)
24 hours

90
(1 study)
2 days

20
(1 study)
3 days

20
(1 study)
7 days

SIS OIS
LOW3
due to imprecision

SISISIS)
LOW2,3

due to risk of bias,
imprecision

SPICISIS)
LOW3
due to imprecision

SPISPISIS)
HIGH

SIS IS
MODERATE3
due to imprecision

SIS IS)
MODERATE3
due to imprecision

SIS IS)
MODERATES

due to imprecision

RR 1.2
(0.42 to
3.41)

RR 1.25
(0.6 to
2.59)

208 per 1000

The mean rescue Tramadol in the
control group was

2mg

Moderate
68 per 1000

The mean mean remfentanil dose (
pg/kg-1/min-1) in the control groups
was

0.3 pg/kg-1/min-1

The mean psychological distress -
delirium rating scale in the control
groups was

3.1

The mean psychological distress
global assessment score in the
control groups was

1.2

The mean psychological distress
global assessment score in the
control groups was

3

42 more per 1000
(from 121 fewer to 501 more)

The mean rescue Tramadol in the
intervention group was

3.08 higher
(0.12 lower to 6.27 higher)

17 more per 1000
(from 27 fewer to 108 more)

The mean mean remfentanil dose (
pg/kg-1/min-1) in the intervention
groups was

0.04 lower

(0.07 lower to 0 higher)

The mean psychological distress -
delirium rating scale in the
intervention groups was

0.3 higher

(0.06 to 0.54 higher)

The mean psychological distress
global assessment score in the
intervention groups was

0.7 higher

(0.11 lower to 1.51 higher)

The mean psychological distress
global assessment score in the
intervention groups was
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(Better indicated by higher
score)

Psychological distress -
mini mental state
examination

Scale from: 0 to 30.

Better indicated by higher
score)

Psychological distress -
Dysphoria

Psychological distress —
Severe depression

Functional measure —
Time to mobilisation
(days)

Functional measure —
Mobilisation within 48
hours

Functional measure:
physical performance
Scale from: 0 to 10.

(Better indicated by
higher)

90
(1 study)
2 days

170
(3 studies)

30
(1 study)

242
(3 studies)

30
(1study)

28
(1 study)
4 days

SIS IS)
MODERATE3
due to imprecision

SISISIS)
MODERATES

due to imprecision

SSIPISIS)
LOW3
due to imprecision

SIS ISIS)
LOW2,3

due to risk of bias,
imprecision

SSIPISIS)
LOWS3
due to imprecision

CODD
HIGH

RD 0.07
(0.00 to
0.14)

Peto OR
0.14

(0.00 to
6.82)

RR 0.78

(0.39 to
1.54)

The mean psychological distress -
mini mental state examination in the
control groups was

23

Moderate
14 per 1000

67 per 1000

The mean time to mobilisation in the
control group was

4.2 days

600 per 1000

The mean functional measure:
physical performance in the control
groups was

6.4

0.9 higher
(0.31 to 1.49 higher)

The mean psychological distress -
mini mental state examination in the
intervention groups was

0 higher

(1.09 lower to 1.09 higher)

70 more per 1000

(from O fewer to 140 more)
58 fewer per 1000

(from 67 fewer to 390 more)

The mean time to mobilisation in the
intervention group was

0.36 lower

(0.63 to 0.09 lower)

132 fewer per 1000
(from 366 fewer to 324 more)

The mean functional measure:
physical performance in the
intervention groups was

2.4 higher

(1.36 to 3.44 higher)
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Functional measure (Time
to 90 degree knee flexion)

(better indicated by lower)

Functional measure (time
to maximal knee flexion)

(better indicated by lower)

Length of hospital stay

Length of stay in PACU

(1 study)

48
(1 study)

208
(4 studies)

1014
(20 studies)

SPISSIS IS
MODERATE3
due to imprecision

SIS LIS
MODERATES

due to imprecision

SIS ISVIS)
MODERATE1
due to
inconsistency

SPISPISIS)
HIGH

The mean functional measusre
(time to 90 degree knee flexion) in
the control groups was

12.3 days

The mean functional measusre
(time to maximal knee flexion) in the
control groups was

13.6 days

The mean length of hospital stay in
the control groups was
6.7 days

The mean length of stay in Pacu in
the control groups was
78.3 minutes

1 Downgraded by 1 or 2 increments due to heterogeneity, 12=50%, p=0.04, unexplained by subgroup analysis.
2 Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if the majority of the evidence was

at very high risk of bias

The mean functional measure (time
to 90 degree knee flexion) in the
intervention groups was

3.2 lower

(5.52 to 0.88 lower)

The mean functional measure (time
to maximal knee flexion) in the
intervention groups was

1.4 lower

(4.21 lower to 1.41 higher)

The mean length of hospital stay in
the intervention groups was

0.84 lower

(2.39 lower to 0.70 higher)

The mean length of stay in Pacu in
the intervention groups was

0.45 higher

(0.25 lower to 1.16 higher)

3 Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs
4 No explanation was provided

Table 53: Evidence not suitable for GRADE analysis: IV Opioid and IV Ketamine compared to IV Opioid
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Aubrun 20084
(90)

Aveline 2006®
(69)

Aveline 2009°
(75)

Cagla ozbakis
akkurt 200932
(60)

Darwish 20058
(60)

Guillou 2003¢8°
(101)

Low

Low

Low

High

Low

High

Reported in the graph
Opioid group~2.3

Reported in the graph
Opioid group~1.8

median (25 th - 75th
percentile)

Opioid group — 4.6 (3.6-5.4)

reported in the graph as
median
opioid group ~ 4.0

Reported in the graph only;
control group~4.4

reported in the graph
control ~5.5

reported in the graph only
morphine group~4.0

Reported in the graph

Ketamine+opioid group~2.3

Reported in the graph

Ketamine and opioid
group~1.8

median (25 th - 75th
percentile)

Ketamine and opioid group —
3.2 (2.2-3.7)

reported in the graph as
median

opioid and ketamine group~
3.3;

Reported in the graph only
Ketamine group~1.2;

reported in the graph
Ketamine group~3.7;

reported in the graph only
Ketamine group ~4.2,

Pain VAS < 6 hours Adam 20052 (42)

n/a

n/a

n/a

n/a

n/a

n/a
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Han 201385
(40)

Joly 2005102
(75)

Katz 200410
(143)

Kwok 2004118
(135)

Lee 2014125
(60)

Li 2016'%°
(48)

High

Low

Low

Low

Low

High

median
control 3.5 (3-5)

reported in the graph only
remifentanil~ 3.1

There were no significant
differences among the groups
in VAS pain scores

Reported in the graph only
Control~2.0

Mean pain scores were
significantly lower with
ketamine at 0, 5 and 15
minutes post operatively
(p<0.05). Pain at 30, 45 and
60 minutes was not
significantly different between
the ketamine and saline
groups.

Values presented as a graph.

reported in the graph only
at 6 hours: Saline Group~4.3

median
control 3.5 (3-5)

reported in the graph only n/a
Remifentanil+ketamine group
~2.2;

There were no significant P=0.05
differences among the groups

in VAS pain scores

Reported in the graph only n/a
Pre-incision Ketamine~1.1
Post-incision Ketamine~2.0

Mean pain scores were n/a
significantly lower with

ketamine at 0, 5 and 15

minutes post operatively

(p<0.05). Pain at 30, 45 and 60
minutes was not significantly
different between the ketamine

and saline groups.

Values presented as a graph.

reported in the graph only n/a
at 6 hours: Ketamine group~
3.2
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Mathisen 1999137
(60)

Menigaux 2000142
(45)

Nesher 2008163
(60)

Nielsen 2017166
(150)

Nistal-nuno 2014168
(48)

High

Low

High

Low

Low

Pain at 30 minutes post-
operative was significantly
lower with post-operative
ketamine compared to pre-
operative ketamine and to
placebo. Difference in pain
scores at 1 2 3 and 4 hours
post operatively were not
statistically different. values
presented in graph format

Reported in the graph only
control~3.3

Reported in the graph only
control~4.5

Reported in the graph only (no
SD)
Control — 4.8

Reported in the graph only
Control~0.5

Pain at 30 minutes post-
operative was significantly
lower with post-operative
ketamine compared to pre-
operative ketamine and to
placebo. Difference in pain
scores at 1 2 3 and 4 hours
post operatively were not
statistically different. values
presented in graph format

Reported in the graph only
Pre ~3.2; Post~2.8;

Reported in the graph only
ketamine~4

Reported in the graph only (no
SD)
Ketamine group-4.6;

Reported in the graph only
Ketamine~ 1.5

n/a

n/a

n/a

n/a
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Nourozi 2010°
(100)

Parikh 2011183
(60)

Reza 2010%4
(60)

Sahin 200422
(47)

Singh 20132%7
(80)

Stubhaug 199737
(20)

Yalcin 2012253
(90)

Yamauchi 2008254
(202)

High

Low

High

Low

Low

High

Low

reported in the graph only
Control group~4

Reported in the graph only
control group~ 8.5

Reported in the graph only
control group~5.0

Reported in the graph only
control group~3

Reported in graph (no SD)
control~4.4

Reported in the graph only
control~2.5

reported in the graph
control~2.5

Reported in the graph only
control~2.5

reported in the graph only

Ketamine group~ 4

Reported in the graph only
Ketamine group~0.5

Reported in the graph only
Ketamine group~5.0;

Reported in the graph only
Ketamine group~5;

Reported in graph (no SD)
Ketamine group~3.516 ;

Reported in the graph only
Ketamine group~2.2;

reported in the graph
control~2.5

Reported in the graph only
Ketamine group(42ug)~2.5;
Ketamine(83 ug )~2;

n/a

n/a

n/a

n/a

n/a

n/a

n/a
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Pain VAS > 6 - 24
hours

Zakine 200827
(81)

Adam 20052 (42)

Aubrun 20084
(90)

Aveline 200616
(69)

Aveline 2009°
(75)

Burstal 20013*
(70)

Low

Low

Low

Low

Low

High

Reported in the graph;
control~4.0

Reported in the graph
Opioid group~2.3

Reported in the graph
Opioid group~1.8

median (25 th - 75th
percentile)

Opioid group — 3.9 (32-41)

reported in the graph as
median
Opioid group ~ 3.5

median
Morphine - 3

Reported in the graph
Perioperative Ketamine group
~ 20; Intraoperative ketamine
group ~ 2.5;

Reported in the graph

Ketamine and opioid
group~2.3

Reported in the graph

Ketamine and opioid
group~1.6

median (25 th - 75th
percentile)

Ketamine and opioid group —
2.9 (23-29)

reported in the graph as
median

Opioid and ketamine group~
2.3;

median
ketamine - 2;

n/a

n/a

n/a

n/a

n/a

n/a
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Darwish 200548
(60)

Guillou 2003¢8°
(101)

Han 201385
(40)

Jaksch 2002%
(30)

Joly 2005102
(75)

Katz 200410
(143)

Kwok 2004118
(135)

Low

High

High

High

Low

Low

Low

Reported in the graph
control~4.4

reported in the graph only
morphine group~4.0

median
control 3 (2-4.3)

Reported in the graph only

control~1.4

reported in the graph only
remifentanil~ 3.0

There were no significant

differences among the groups

in VAS pain scores

Reported in the graph only
Control~1.5

Reported in the graph
Ketamine~3.6

reported in the graph only
Ketamine group ~3.8,

median
ketamine group 3 (2-4);

Reported in the graph only

Ketamine group ~1;

reported in the graph only
remifentanil~ 3.0

There were no significant

differences among the groups

in VAS pain scores

Reported in the graph only

Pre-incision Ketamine~1.0

n/a

n/a

n/a

n/a

n/a

p>0.05

n/a
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Li 2016%2°
(48)

McKay 2007138
(42)

Menigaux 2000142
(45)

Nesher 2008163
(60)

Nielsen 2017166
(150)

Nistal-nuno 2014168
(48)

Nourozi 20106°
(100)

High

Low

Low

High

Low

Low

Low

reported in the graph only
at 24 hours: Saline Group~3.2

AUC (IQR)
Placebo: 22.7 (12.6-38.1)

Reported in the graph only
control~4.2

Reported in the graph only
control~3.2

Reported in the graph only (no
SD)
Control — 4.4

Reported in the graph only
Control~0.4

reported in the graph only
Control group~1

Post-incision Ketamine~1.5

reported in the graph only
at 24 hours: Ketamine
group~2.5

AUC (IQR)
Ketamine: 24.6 (21.1-34.7);

Reported in the graph only
Pre ~32.4; Post~2.5;

Reported in the graph only
ketamine~3;

Reported in the graph only (no
SD)
Ketamine group-4.4;

Reported in the graph only
Ketamine~ 0.5;

reported in the graph only

Ketamine group~ 1

n/a

n/a

n/a

n/a

n/a

n/a

n/a
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Parikh 2011183
(60)

Roytblat 19931%°
(22)

Singh 20132%7
(80)

Tang 201022
(40)

Weinbroum 2003246
(245)

Yalcin 201223
(90)

Yamauchi 2008254
(202)

Low

high

Low

Low

High

High

Low

Reported in the graph only;
control group~ 2.0

reported in the graph only
control group~0.5 (mean)

Reported in graph (no SD)
control~3.75

median
control 7.2(6.6-8.0)

120 min after first morphine
injection
Morphine+saline~4

reported in the graph
control~0.25

Reported in the graph only
control~2.0

Reported in the graph only
Ketamine group~2.0;

reported in the graph only

ketamine group ~ 0.5 (mean);

Reported in graph (no SD)
Ketamine group~3.68 ;

median

ketamine group 7.0( 6.9-7.5);

120 min after first morphine
injection
Morphine+ketamine group ~
15

reported in the graph
ketamine~0;

Reported in the graph only
Ketamine group(42ug)~1.5;
Ketamine(83 pg )~0.2;

n/a

n/a

n/a

n/a

n/a

n/a

n/a

aulwela) snousAellu|
TVNIH 21ed BI\!IEJGdO!JSd



zse
"Sjybui Jo 82110N 01 108lgNnSs "pantasal siybu |V "020Z IDIN ©

Pain VAS day 2

Pain VAS 96 hours

Pain NRS <6 hours

Zakine 200827
(81)

Burstal 20013*
(70)

Kollender 2008115

Bauchat 201123
(188)

Bilgen 2012%°

(140)

High

Low

Low

Low

Reported in the graph
control~3.0

Median
Morphine - 2

Pain was lower over 10 with
opioid + ketamine compared to
opioid only (values presented
in graph format)

Median reported in the graph
only
Control~2.9

Median(range)
Control group - 1 (0-6)

Reported in the graph
Perioperative ketamine ~ 1.0;
Intraoperative ketamine group
~1.5;

Median
Ketamine -2;

Pain was lower over 10 with
opioid + ketamine compared to
opioid only (values presented
in graph format)

Median reported in the graph
only
Ketamine group ~2.8;

Median(range)

Ketamine group1(0.25mg) - 0
(0-5); Ketamine group2(0.5mg)
- (0-6); Ketamine

group3(1lmg) - 0(0-8);

n/a

n/a

P<0.001

n/a

n/a
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Pain(patient
satisfaction VAS
day 1

Pain(patient
satisfaction VAS
day 2

Pain VRS 60 min
post operation

Pain NRS 6-24
hours

Pacreu 2012176
(22)

Burstal 20013*
(70)

Burstal 20013*
(70)

Unlugenc 2003238
(90)

Bauchat 201123
(188)

Bilgen 2012%°

(140)

Ghazi-saidi 200277
(53)

High

High

High

High

low

Low

Low

Median (IQR)
Methadone: 7 (3.5-9)

median (interquartile range)
Morphine 8.5

median (interquartile range)
Morphine 10

Reported in the graph only
mean no SD
morphine group ~2.7

Median reported in the graph
only
Control~2.3

Median(range)
Control group - 0 (0-5)

reported in the graph only
control~6.2

Median (IQR)

Methadone - Ketamine: 6
(4.25-8);

median (interquartile range)
Ketamine group 8 ;

median (interquartile range)
Ketamine group 8.5;

Reported in the graph only
mean no SD

MOrphine +ketamine
group~2.1;

Median reported in the graph
only
Ketamine group ~2.2;

Median(range)
Ketamine group1(0.25mg) - 0

(0-4); Ketamine group2(0.5mg)

- 0 (0-6); Ketamine
group3(1mg) - 0(0-5);

reported in the graph only
Ketamine~3.2,

P=0.40

n/a

n/a

n/a

n/a

n/a
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Pain VRS <6 hours

Kotsovolis 201517
(148)

Reza 2010%4
(60)

Garg 20167
(66)

Hasanein 201187
(60)

Kapfer 2005%4
(77)

Li 20162
(48)

Reeves 2001192
(71)

Low

Low

High

High

High

High

No SD

Ketamine group - 4.2; Placebo

group - 5.96

Reported in the graph only
control group~30

Median (interquartile range)
Ketamine - 2(2-3); control
6(4.75-7)

Median (IQR):
5 (4-8)

reported in the graph only
Ketamine~85%; Control
group~78%

reported in the graph only
at 6 hours: Saline Group~3.3

Reported in the graph only
control ~2.1

No SD
Ketamine group - 4.2; Placebo
group - 5.96

Reported in the graph only
Ketamine group~35;

Median (interquartile range)
Ketamine - 2(2-3); control
6(4.75-7)

Median (IQR):
3(1-2)

reported in the graph only
Ketamine~85%; Control
group~78%

reported in the graph only
at 6 hours: Ketamine group~ 3

Reported in the graph only
control ~2.1

n/a

n/a

<0.05

n/a

n/a

n/a
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Pain VRS 6-24
hours

Singh 20132%7
(80)

Unlugenc 2002237
(66)

Unlugenc 200323
(90)

Webb 2007245
(120)

Wilder-smith
1998250
(45)

Garg 20167
(66)

llkjaer 1998°%
(52)

Li 2016%2°
(48)

High

High

Low

High

Low

High

High

Reported in graph (no SD)
control~1.25

Median (range)
tramadol 2 (1-3)

reported in median (range)
Morphine group~ 2(1-3)

Reported in the graph only
control~2

median
Fentanyl group - 4(1-5)

Median (interquartile range)
control 4(3-4.25)

Median (interquartile range)
~4.1 (2.8-5.4)
reported in the graph only

at 24 hours: Saline Group~2.2

Reported in graph (no SD)
Ketamine group~1.13;

Median (range)
tramadol+ketamine - 2(1-3);

reported in median (range)

Morphine +ketamine group~1

(1-2);

Reported in the graph only
Ketamine ~4

median
Ketamine group 4 (3-5);

Median (interquartile range)
Ketamine - 2(1-3);

Median (interquartile range)
~5.3 (4.5-6.7)
reported in the graph only

at 24 hours: Ketamine
group~2

n/a

n/a

n/a

n/a

n/a

n/a
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Miziara 201647
(48)

Reeves 2001 192
(71)

Roytblat 19931%°
(22)

Singh 20132°7
(80)

Ulugenc 2002237
(66)

Unlugenc 200323
(90)

Webb 200724
(120

Wilder-smith
1998250
(45)

High

High

Low

High

High

Low

High

Median
Control -

Reported in the graph only
control ~1.2

VRS at 24 h reported in the
graph
Control~0.5

Reported in graph (no SD);
control~4.4

Median (range)
tramadol 1 (1-2)

reported in median (range)
Morphine group~ 1(1-2)

Reported in the graph only
Ketamine ~1.5 control~1.5

median
Fentanyl group - 1(0-3)

Median
ketamine - 5.5

Reported in the graph only
Ketamine group~1.8;

VRS at 24 h reported in the
graph
Ketamine~0.25;

Reported in graph (no SD)
Ketamine group~1.3;

Median (range)
tramadol 1 (1-2)

reported in median (range)

Morphine +ketamine group~1

(1-2);

Reported in the graph only
Ketamine ~1.5 control~1.5

median
Ketamine group 2 (1-3);

n/a

n/a

n/a

n/a

n/a

n/a

n/a
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Pain score arriving
to PACU

Postoperative pain
0-20 hours

Pain intensity
(Spid-summed pain
intensity difference)

Pain area under
curve

Pain VAS at
discharge

Median pain
thresholds on the
stump day 3 postop

Dullenkopf 20092%4
(120)

Lenzmeier 2008126
(22)

Ayoglu 2005
(40)

Beaudoin 2014%
(60)

Duale 2009°°
(86)

Suzuki 1999221
(140)

Hayes 2004
(45)

Low

High

High

Low

High

Low

High

Median (range)
Control group 4 (0-9)

Median VAS (0-100)
Opioid: 66

Median (range)
Ketamine(0.15mg/kg) 3(0-10);
ketamine(0.5mg/kg) 4(0-9);
Median VAS (0-100)

Ketamine: 24;

Statistically significant (p<0.05) reduction in pain with ketamine

at 2, 3 and 4 hours post-op.

No statistical difference at 0, 1 , 8 or 20 hours post-operatively.

Median IQR
Control 4.0(1.8 - 6.5)

Area under curve
Opioid: 88 + 34

Reported in the graph only
Control~40

median pain thresholds on the
stump

Control group - 5.88 units (IQR
1.07)

Median IQR
Group(0.15mg) - 7(4.3 - 10.8);
Group(0.3mg) 7.8(4.8 - 12.8

Area under curve

Ketamine: 73 * 40;

Reported in the graph only
Ketamine~ 29

median pain thresholds on the
stump

Ketamine group - 5.18 units
(IQR 1.23)

n/a

P<0.05

n/a

p value = 0.039

n/a

P=0.12
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Median pain
thresholds on the
stump day 3 postop

Pain scale 0-2, <6
hours

Pain scale 0-2,
24hours

Pain - number of
occasions pain =2
was recorded

Hayes 2004°°
(45)

Murdoch 2002161
(42)

Murdoch 2002161
(42)

Murdoch 2002161
(42)

High

High

High

High

median pain thresholds on the
stump

Control - 5.07 (IQR 0.72)

Reported in the graph as
proportions (%)

4 hours - score 0 (Ketamine
group ~65; control ~70% )

4 hours - score 1 (Ketamine
group ~25%; control ~30% )
4 hours - score 2 (Ketamine
group ~10%; control ~0% )

Reported in the graph as
proportions (%)

24 hours - score 0 (Ketamine
group ~70; control ~40% )
24 hours - score 1 (Ketamine
group ~30%; control ~50% )
24 hours - score 2 (Ketamine
group ~0%; control ~10% )

26/21

median pain thresholds on the
stump
Ketamine - 5.18 (IQR 0.81)

Reported in the graph as
proportions (%)

4 hours - score 0 (Ketamine
group ~65; control ~70% )

4 hours - score 1 (Ketamine
group ~25%; control ~30% )
4 hours - score 2 (Ketamine
group ~10%; control ~0% )

Reported in the graph as
proportions (%)

24 hours - score 0 (Ketamine
group ~70; control ~40% )
24 hours - score 1 (Ketamine
group ~30%; control ~50% )
24 hours - score 2 (Ketamine
group ~0%; control ~10% )

25/21

P=0.37

n/a

n/a

n/a
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Pain tactile pain

threshold 24 hours

post op

Time needed to
active 90 degree
knee flexion

Cumulative
morphine
consumption <6
hours

Song 20142%?
(75)

Adam 20052 (42)

Aveline 2006¢
(69)

Darwish 200548
(60)

Gillies 200778
(41)

Guignard 20027°
(50)

Guillou 20038°
(101)

Low

Low

Low

Low

Low

High

Reported in the graph only
Group L~120; Group H ~75

Median (IQR) (25% - 75%)
Opioid - 12(8-45)

Reported in the graph only
Opioid group ~8

Median (range)
Control - 21 (15-29)

Morphine mean - 14.4, 95% CI

10-18.9;

Median (interquartile range)
Control 26 (19-36)

reported in the graph only
morphine group~12

Reported in the graph only
Ketamine group ~120; Group
L~120; Group H ~75

Median (IQR) (25% - 75%)
Ketamine - 7(5-11)

Reported in the graph only

Ketamine and opioid
group~2.5

Median (range)
Ketamine - 16 (9-22);

Ketamine + morphine group
mean - 8.9 mg, 95% ClI 5.6-
12.1;

Median (interquartile range)
Ketamine 21 (10-23);

reported in the graph only
Ketamine group ~5mg,

n/a

n/a

n/a

P=0.08

n/a

n/a
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Cumulative
morphine
consumption 6 -24
hours

Jaksch 20029
(30)

Kotsovolis 20157
(148)

Lenzmeier 2008126
(22)

Nistal-nuno 2014168
(48)

Reza 2010%°4
(60)

Unlugenc 200323
(90)

Aveline 20066
(69)

High

Low

High

Low

Low

High

Low

median amount
control group-12

reported in the graph only (no
SD)
Placebo group ~12

Median
Opioid: 6.0mg

Reported in the graph only
Control~12 mg

Reported in the graph only
control group~9

reported in median (range)
Morphine +ketamine
group~14.1 (12-17); Morphine
group~ 14.9(14-17)

Reported in the graph only
Opioid group ~15

median amount
Ketamine group - 12

reported in the graph only (no
SD)
Ketamine group ~14;

Median
Ketamine: 3.8mg;

Reported in the graph only
Control~12 mg

Reported in the graph only
Ketamine group~4.8;

reported in median (range)
Morphine +ketamine
group~14.1 (12-17); Morphine
group~ 14.9(14-17)

Reported in the graph only

Ketamine and opioid
group~7.5

n/a

n/a

n/a

n/a

n/a

n/a
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Ayoglu 20057 High Values provided in graph format.
(40) No significant difference between groups at 4 or 20 hours.
Darwish 20058 Low Median (range) Median (range) n/a
(60) Control - 38 (20-48) Ketamine - 21 (13-30);
Duale 2009°° High Median (IQR) Median (IQR) p value = 0.068
86
(86) Opioid: 41mg (32-59) Ketamine: 37mg (24-49);
Edwards 1993%2 High Mean (range) Mean (range) n/a
(40) control group - 47.7(16-99); ketamine 5 - 35.1(15-64);
ketaminel0 - 43.2 (18-87);
ketamine20-36.3(18-55)
Gillies 200778 Low Morphine mean - 14.0, 95% CI Ketamine + morphine group P=0.08
(41) 7-18; mean - 9 mg, 95% CI 3.5-14;
Guignard 20027 Low Median (interquartile range) Median (interquartile range) n/a
(50) Control 69 (41-87) Ketamine 46 (34-58);
Guillou 20038° High reported in the graph only reported in the graph only n/a
(101) morphine group~50 Ketamine group ~38,
Hayes 2004% High Median morphine Median morphine P=0.61

(45)

Control 42 IQR 47

Ketamine 44 mg, IQR 32




e
"sjybu Jo 9210N 01 108[gns "pansasal siybu |1y '020Z ADIN ©

Jaksch 2002%
(30)

Kotsovolis 201517
(148)

McKay 2007138
(42)

Michelet 2007125
(50)

Nistal-nuno 2014168
(48)

Reza 2010%4
(60)

Roytblat 19931%°
(22)

High

Low

Low

Low

Low

Low

High

median amount; Control
group 29 mg

reported in the graph only (no

SD)
Placebo group ~20

Median (IQR)
Placebo: 76mg (35-198)

Reported in the graph only
Control~30

Reported in the graph only
Control~45 mg

Reported in the graph only
control group~2.9

mean consumption of
morphine (no SD)
control group 48.7 mg

median amount
Ketamine group 39 mg;

reported in the graph only (no

SD)
Ketamine group ~22;

Median (IQR)
Ketamine: 120mg (51-208);

Reported in the graph only
Ketamine~25;

Reported in the graph only
Ketamine~ 48 mg;

Reported in the graph only
Ketamine group~3;

mean consumption of
morphine (no SD)
Ketamine group 29.5 mg,

n/a

n/a

n/a

n/a

n/a

n/a
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Cumulative
morphine
consumption at 48
hours

Cumulative
morphine
consumption at 72
hours

Mean total
morphine

Stubhaug 199737
(20)

Unlugenc 2003238
(90)

Weinbroum 2003246
(245)

Zakine 200827
(81)

Joly 2005102
(75)

Hayes 2004
(45)

Kotsovolis 20157
(148)

High

High

Low

Low

High

Low

reported on the graph only
control 65

reported in median (range)
Morphine group~ 49.0(46-51)

Mean no SD
morphine group - 1.21

Median (IQR)
control 50 mg iqr-21 p<0.005

median

Small dose remifentanil 68
(50-91) mg

Large dose remifentanil 86
(59-109) mg

Median morphine

Control 72 mg IQR 100

Mean (no SD)
Placebo group - 20.29

reported on the graph only
Ketamine~60,

reported in median (range)
Morphine +ketamine
group~46.5 (43-51);

Mean no SD
Morphine + ketamine group -
0.42;

Median (IQR)

Peri group - 27mg, IQR19;
Intra group 48 mg (41.5);
p<0.005

median

Large remifentanil + ketamine
62 (48-87)

Median morphine
Ketamine group 118 mg IQR
86

Mean (no SD)
Ketamine group - 22.38;

n/a

p<0.005

n/a

P=0.34

n/a
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consumption 24
hours

Mean total
morphine
consumption 24
hours

Rescue morphine
consumption

Cumulative
ibuprofen dose 24
hours

Cumulative
acetaminophen/hyd
rocodone tablets 24
hours

Amount of rescue
analgesia
(morphine
equivalents)
Dose of rescue
Pethidine

Lo 20083t
(30)

Nielsen 2017166
(150)

Bauchat 201123
(188)

Bauchat 201123
(188)

Beaudoin 2014%
(60)

Nourozi 2010%°
(100)

Low

Low

Low

Low

Low

Low

Mean morphine consumption
no SD
Morphine group - 129 mg

Median(quartiles)
control 15(7-26)

Median (interquartile range)
Control 3600(2400 -4200)

Median (interquartile range)
Control 1(0 -4)

Median
Ketaminel - 5.4; ketamine2 -
4.3;

reported in the graph only
at 6 hours Control group~4mg
at 19 hours Control group~0

Mean morphine consumption
no SD

Ketamine+morphine group 60
mg (also 60 mg ketamine)

Median(quartiles)
Ketamine group - 13(3-26);

Median (interquartile range)
Ketamine group - 3600(1200-
4200);

Median (interquartile range)
Ketamine group - 2(1-4);

Median
Ketaminel - 5.4; ketamine?2 -
4.3;

reported in the graph only

at 6 hours Ketamine group~
1mg

at 19 hours Ketamine group~
0

n/a

n/a

n/a

n/a

n/a

n/a
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Total fentanyl
consumption <6
hours

Total fentanyl
consumption <6-24
hours

PONV

Total dose of
Remifentanil (mg)
24 hours

Meperidine
consumption 4h
post op

Yamauchi 2008%%*
(202)

Yamauchi 2008%>*
(202)

Hadi 20098
(40)

Nourozi 2010%°
(100)

Leal 20154
(56)

Mathisen 1999137
(60)

Low

High

Low

Low

High

Reported in the graph only
control~9

Reported in the graph only
control~16

no differences were noted in
the incidence of pruritis,
postoperative nausea and
vomiting in the two groups.

reported in the graph only
Control group~8
at 24 hours Control group~1

Mean (range; minimal value -
maximal value)
control group - 3.1(1.5 - 7.5)

There was no significant
difference between groups in
meperedine consumption at 4
hours, 24 hours or 7 days
post-op

Reported in the graph only
Ketamine group(42ug)~8;
Ketamine(83 pg )~6;

Reported in the graph only
Ketamine group(42ug)~15;
Ketamine(83 ug )~12;

no differences were noted in
the incidence of pruritis,
postoperative nausea and
vomiting in the two groups.

reported in the graph only

at 6 hours Ketamine group~
3

at 24 hours Ketamine group~
0

Mean (range; minimal value -
maximal value)

Ketamine group - 3.7 (1.2-7.2);

There was no significant
difference between groups in
meperedine consumption at 4
hours, 24 hours or 7 days
post-op

n/a

n/a

n/a

n/a

n/a
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Length of hospital
stay

Methadone
consumption <6
hours post op

Methadone
consumption <24
hours post op

Mean number of
analgesic doses
given in 24 hours

Nausea score (0-
none, 2 — severe)
24 hours

Nausea score (0-
none, 2 — severe)
48 hours

McKay 2007138
(42)

Pacreu 2012176
(22)

Pacreu 2012176
(22)

Singh 20132%7
(80)

Reeves 2001192
(71)

Webb 2007245
(120

Reeves 2001192
(71)

Low

Low

Low

Low

High

Low

High

Median (IQR)
Placebo: 6.7 (9-10)

Median (IQR)
Methadone: 4 (0.5-5.5)

Median (IQR)
Methadone: 15 (9.65-17.38)

Reported in graph (no SD)
control~7.35

Median( 10th to 90th
percentile)
control group 0 (0-1)

Median (range)
control-0(0-2)

Median( 10th to 90th
percentile)
control group 0 (0-2)

Median (IQR)

Ketamine: 7 days (7-8)

Median (IQR)

Methadone - Ketamine: 3.5

(0.5-5.5);
Median (IQR)

Methadone - Ketamine: 3.43

(1.9-6.5

Reported in graph (no SD)
Ketamine group~4.416 ;

Median( 10th to 90th

percentile)

Ketamine group - 0 (0-1);

Median (range)
Ketamine- 1(0-2)

Median( 10th to 90th

percentile)

control group 0 (0-2)

n/a

P<0.001

n/a

n/a

n/a

n/a
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Webb 2007%4® Low Median (range) Median (range) n/a
(120) control-0(0-2) Ketamine- 0(0-2)

See appendices for full GRADE tables.
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44.1

4.4.2

4.4.3

4.4.4

Perioperative care: FINAL
Intravenous ketamine

Economic evidence

Included studies

No health economic studies were included.

Excluded studies

No relevant health economic studies were excluded due to assessment of limited
applicability or methodological limitations.

See also the health economic study selection flow chart in appendices.

Unit costs

The average daily costs of ketamine and intravenous opioids are provided in Table 54Table
49 to help aid consideration of cost effectiveness. A breakdown of these costs is provided in
the appendices for the pain evidence review.

Table 54: Average daily costs of ketamine and opioids

Analgesic Average daily cost per person (range)®
Intravenous ketamine £6.06

Intravenous opioid £4.92 (£3.77 — £6.07)

Intravenous opioid & ketamine £7.75 (£6.60 - £8.90)

Sources: British National Formulary, Accessed September 2019%%%; Electronic market information tool (eMIT),

Accessed September 201943

(a) Costs include disposable costs, see the appendices for the pain evidence review for a breakdown of these
costs.

Other calculations

Calculations based on QALY thresholds are provided below to help aid consideration of cost
effectiveness.

Table 55: EQ-5D scores using the valuation set with severe versus moderate pain

EQS5D score at New EQ-5D score
EQS5D score assumptions® baseline after pain relief Difference

Patients experience severe pain  -0.016 0.503 0.519
and score 3 on pain and 2 on

everything else

After pain relief their pain score

changes to 2

Patients score 3 on all of the -0.594 -0.331 0.263
dimensions and after pain relief
their pain score changes to 2

(a) Based on the EQ-5D-3L which comprises of 5 dimensions: mobility, self-care, usual activities, pain/discomfort
and anxiety/depression. Each dimension has 3 levels: no problems, some problems and extreme problems.

Using an average cost of ketamine of £6.06 and a threshold of £20,000 per QALY, the
difference in QALYs needed for ketamine to be considered cost-effective is:

£6.06/£20,000 = 0.000303 QALYs

© NICE 2020. All rights reserved. Subject to Notice of rights.
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Perioperative care: FINAL
Intravenous ketamine

QALY threshold calculations:

¢ If we take the difference in EQ-5D from scoring a 3 in pain to a 2 in pain calculated
above(0.519) based on the assumption all other domains would have a score of 2.

e And assume the time frame is 6 hours

e This results in ketamine having an additional 0.00036 QALYs

e This is bigger than the 0.000142 QALY required to ensure that ketamine is cost-
effective

¢ If we use the worst case scenario and take the difference in EQ-5D from scoring a 3
in pain to a 2 in pain (with all other dimensions also scored a 3)

e And assume the time frame is 6 hours

e This results in ketamine having an additional 0.00018 QALYs, which is just below the
amount required for it to be considered cost-effective at a £20,000 per QALY
threshold.

This shows that a reduction in pain leads to a bigger change in utility when other domains
are scored lower and in this case ketamine would be considered cost effective.

Evidence statements

Clinical evidence statements

No outcomes were reported for health related quality of life or the following important
outcomes;symptom scores and hospital readmission.

Opioid plus Ketamine versus Opioid
Pain

Twenty five studies showed a clinically important benefit with opioid plus ketamine in pain at
six hours post-operatively compared to opioid (25 studies, n=1505, very low quality evidence)

Thirty one studies showed no clinically important difference between opioid plus ketamine
and opioid alone in pain at twenty four hours post-operatively (31 studies, n=2355, very low
quality evidence)

One study showed no clinically important difference between opioid plus ketamine and opioid
alone for no pain at four hours postoperatively (1 study, n=33, modereate quality evidence)

One study showed no clinically important difference between opioid plus ketamine and opioid
for mild pain at 4 hours (1 study, n=33, moderate quality evidence)

One study showed a clinically important benefit with opioid plus ketamine in fewer episode of
moderate or severe pain at four hours (1 study, n=33, very low quality evidence)

One study showed no clinically important difference between opioid plus ketamine and
ketamine for very severe pain at four hours (1 study, n=33, very low quality evidence)

Two studies showed a clinically important benefit with opioid plus ketamine in the number of
people with no pain twenty four hourscompared to opioid alone (2 studies, n=63, very low
quality evidence)

Two studies showed no clinically important difference between opioid plus ketamine and
opioid for people with mild pain at twenty four hours (2 studies, n=63, low quality evidence)

© NICE 2020. All rights reserved. Subject to Notice of rights.
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One study showed a clinically important benefit with opioid plus ketamine for people with
moderate pain at twenty four hours (2 studies, n=63, very low quality evidence)

Two studies showed no clinically important difference between opioid plus ketamine and
opioid for people with severe pain at twenty four hours (2 studies, n=63, low quality evidence)

Two studies showed no clinically important difference between opioid plus ketamine and
opioid for people with very severe pain at twenty four hours (2 studies, n=63, moderate
quality evidence)

One study showed a clinically important benefit with opioid plus ketamine in the cases of
people experiencing post-operative pain compaired to opioid alone (1 study, n=30, moderate
quality evidence)

Adverse events

Four studies showed no clinically important difference between opioid plus ketamine and
opioid in mean nausea score at twenty four hours (4 studies, n=206, low quality evidence)

Three studies showed no clinically important difference between opioid plus ketamine and
opioid in mean nausea score forty eight hours (3 studies, n=245, moderate quality evidence)

Twenty nine studies showed no clinically important difference between opioid plus ketamine
and opioid in cases of nausea (29 studies, n=2413, high quality evidence)

Twenty four studies showed no clinically important difference between opioid plus ketamine
and opioid in cases of vomiting (24 studies, n=1770, low quality evidence)

Thirty two studies showed no clinically important difference between opioid plus ketamine
and opioid in cases of nausea and vomiting (32 studies, n=1949, moderate quality evidence)

Six studies showed no clinically important difference between opioid plus ketamine and
opioid in cases of respiratory depression (6 studies, n=723, moderate quality evidence)

Rescue medication

Eighteen studies showed a clinically important benefit with opioid plus ketamine in opioid
consumption at six hours post-operatively compared to opioid alone (18 studies, n=1148, low
quality evidence)

Fourty four studies showed a clinically important benefit with opioid plus ketamine in opioid
consumption at twenty four hours post-operatively compared to opioid alone (44 studies,
n=2851, low quality evidence)

Eight studies showed a clinically important benefit with opioid plus ketamine in patients
requiring additional opioid at twenty four hours post-operatively compared to opioid alone (8
studies, n=485, low quality evidence)

One study showed a clinically important benefit with opioid plus ketamine in morphine
injections compared to opioid alone (1 study, n=245, moderate quality evidence)

One study found no clinically important difference between opioid plus ketamine and opioid
in PCA fentanyl infusion rate at six or twenty four hours postoperatively (n=40 low to
moderate quality evidence)

Three studies found no clinically important difference between opioid plus ketamine and
opioid in PCA (morphine or morphine plus ketamine) use (3 studies, n=278, low quality
evidence)

© NICE 2020. All rights reserved. Subject to Notice of rights.
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Four studies showed a clinically important benefit with opioid plus ketamine in the number of
rescue analgesic interventions compared to opioid alone (4 studies, n=410, moderate quality
evidence)

One study showed a clinically important benefit with opioid plus ketamine in the number of
rescue meperidine consumed compared to opioid alone (n=40, moderate quality evidence)

Seven studies showed no clinically important difference between opioid plus ketamine and
opioid for rescue NSAIDs (7 studies, n=829, moderate quality evidence)

One study found a clinically important benefit of opioid plus ketamine for mean requirement
of rescue NSAID compared to opioid alone (1 study, n=200, high quality evidence)

One study showed a clinically important benefit with opioid plus ketamine in people requiring
rescue propofol compared to opioid alone (1 study, n=80, high quality evidence)

One study showed no clinically important difference between opioid plus ketamine and opioid
in people requiring rescue paracetamol (1 study, n=48, low quality evidence)

One study showed no clinically important difference between opioid plus ketamine and opioid
in people requiring rescue tramadol (1 study, n=119, low quality evidence)

One study showed no clinically important difference between opioid plus ketamine and opioid
in people requiring rescue metamizole (1 study, n=352, low quality evidence)

Two studies found no clinically important difference between opioid plus ketamine and
opioidfor mean remifentanil dose required (2 studies, n=50, high quality evidence)

Psychological distress and well-being

One study showed no clinically important differencebetween opioid plus ketamine and opioid
for delirium (1 study, n=90, moderate quality evidence)

One study found no clinically important difference between opioid plus ketamine and opioid
for psychological distress (global assessment scale) (1 study, n=20, moderate quality
evidence)

One study showed no clinically important difference between opioid plus ketamine and opioid
for psychological distress (mini mental state examination) (1 study, n=90, modertate quality
evidence)

Three studies found no clinically important difference between opioid plus ketamine and
opioid for dysphoria (3 studies, n=170, moderate quality evidence)

One study reported no difference between opioid plus ketamine and opioid for severe
depression (1 study, n=30, low quality evidence)

Functional measures

Three studies found a clinically important benefit with opioid plus ketamine for mean time to
mobilisation compared to opioid alone (3 studies, n=30, low quality evidence)

One study found a clinically important harm with opioid plus ketamine for the number of
people mobilised within 48 hours compared to opioid alone (1 study, n=30, low quality
evidence)

One study found a clinically imoprtant benefit with opioid plus ketamine on physical
performance scale postoperatively compared to opioid alone (1 study, n=28, low quality
evidence)
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One study found a clinically important benefit with opioid plus ketamine for time to 90
degrees knee flexion, but no difference for time to maximum knee flexion postoperatively
compared to opioid alone (1 study, n=48, moderate quality evidence)

Length of stay

Four studies showed no clinically important difference between opioid plus ketamine and
opioid alone for length of hospital stay (4 studies, n=208, moderate quality evidence)

Tenstudies showed no clinically important difference between opioid plus ketamine and
opioid alone for length of PACU stay (10 studies, n=1014, high quality evidence)

Evidence not suitable for GRADE analysis
Pain

Twenty seven studies reported pain within the first 6 hours of surgery. Results were mixed,
showing a benefit of ketamine or no difference between groups. (27 studies, n=1996, low to
high risk of bias)

Twenty seven studies reported pain at 6 to 24 hours from surgery. Results were mixed,
showing a benefit of ketamine or no difference between groups. (27 studies, n=2243, low to
high risk of bias)

Rescue medication

Eleven studies reported opioid consumption within 6 hours of surgery. Results were mixed,
showing a benefit of ketamine or no difference between groups. (11 studies, n=719, low to
high risk of bias)

Twenty studies reported opioid consumption at 6 to 24 hours of surgery. Results were mixed,
showing a benefit of ketamine or no difference between groups. (20 studies, n=1328, low to
high risk of bias)

Adverse events

Four studies reported no significant difference post-operative nausesa or vomiting (4 studies,
n=331, low to high risk of bias)

Length of stay

One study showed no diference in length of hospital stay (1 study, n=42, low quality
evidence)

Health economic evidence statements

e No relevant economic evaluations were identified.
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5 Neuropathic nerve stabilisers

5.1 Review question: What is the clinical and cost
effectiveness of neuropathic nerve stabilisers in managing
acute post-operative pain?

5.2 PICOtable

For full details see the review protocol in appendices.

Table 56: PICO characteristics of review question
Adults (18 years and older) who have undergone surgery.

e Opioids +
o pregabalin
o gabapentin
o nhortriptylline
o amitriptyline

e Opioids + placebo
e Each other

CRITICAL:

e health-related quality of life
e pain reduction
o <6 hours post op
o > 6 hours- 24 hours post op
e amount of additional medication use
o <6 hours post op
o > 6 hours- 24 hours post op
e adverse events (including respiratory depression, nausea, vomiting,
sedation, postural hypotension, antimuscarinic/ anticholinergic side effects)
IMPORTANT:

e psychological distress and mental well-being
e symptom scores

e functional measures
¢ length of stay in hospital

Randomised controlled trials and systematic reviews of randomised controlled
trials.

5.3 Clinical evidence

5.3.1 Included studies
Fifty-nine randomised controlled trials were included in the review;® 4 5 8. 11,21 25,41, 55,57, 61, 64, 76,
88, 91, 93, 106-110, 112, 121, 127, 134-136, 144, 146, 148, 149, 152, 164, 175, 178-182, 189, 196, 203, 206, 210, 213, 214, 220, 223, 232-234, 240, 241,

249, 256, 259 86 63 177 these are summarised in Table 57 below. Evidence from these studies is
summarised in the clinical evidence summary below (Table 58).

See appendices for the study selection flow chart, study evidence tables, forest plots and
GRADE tables.
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5.3.2 Excluded studies

See the excluded studies list in appendices.
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5.3.3 Summary of clinical studies included in the evidence review

Table 57: Summary of studies included in the evidence review

Study

Abdelmageed
2010

Agarwal 20084

Intervention and comparison

Gabapentin:

1200mg oral gabapentin 2
hours before surgery.
Meperidine 1mg/kg IM every 6
hours was given for
postoperative pain relief if pain
score 2 3 or if requested by the
patient

(n=30)

Placebo:

Placebo given 2 hours before
surgery. Meperidine 1mg/kg IM
every 6 hours was given for
postoperative pain relief if pain
score 2 3 or if requested by the
patient

(n=30)

Pregabalin:

pregabalin 150 mg 1h before
the induction of anesthesia with
sips of water by a staff nurse
who was not involved in the
study. In the PACU, patients
received i.v. fentanyl via PCA
with patient activated dose of
20 mg, lockout interval of 5
min, with a maximum allowable
fentanyl dose being 2 mg/kg/h.
(n=30)

Population Outcomes
Patients aged 18 - 35 old, e Pain score
ASA I - Il Tonsillectomy « Dose of additional opioid

under general anaesthesia
Adverse events

Age - Mean (SD):
Gabapentin: 31.4 + 7.7
Placebo 29.8 + 6.5

Saudi Arabia
Patients ASA | and I, e Pain scores
undergoing laparoscopic e Dose of additional opioid

cholecystectomy under

. e Adver ven
general anaesthesia. dverse events

Age - Mean (range):
Pregabalin: 46.6 (25-76);
Placebo: 44.6 (22—-69).

India

Comments

Pain scores, dose of additional
opioid and sedation score given
as median
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Study

Ajori 2012°

Intervention and comparison

Placebo:

Placebo 1h before the induction
of anesthesia with sips of water
by a staff nurse who was not
involved in the study. In the
PACU, patients received i.v.
fentanyl via PCA with patient
activated dose of 20 mg,
lockout interval of 5 min, with a
maximum allowable fentanyl
dose being 2 mg/kg/h.

(n=30)
Gabapentin:

Two 300 mg capsules of
gabapentin. The medication
was given to the patients about
1 h before induction of
anesthesia..When VAS scores
were 4-7: 0.5 mg/kg of
meperidine was given
intramuscularly (IM); above 7:1
mg/kg of meperidine was given
IM; and when VAS scores were
0 to 3: if patient wanted
analgesia: 0.5 mg/kg
meperidine was given in the
same way.

(n=70)

Placebo:

Patients were given two
placebo capsules. The
medication was given to the
patients about 1 h before
induction of anesthesia. When

Population Outcomes Comments
Candidates for abdominal e Pain scores

hysterectomy; ASA class | e Dose of additional

and Il, nonmalignant status opioids

(benign gynecologic
disease), under general
anesthesia, and body mass
index (BMI) of 20-30 kg/m2

Age - Mean (SD):
Gabapentin: 49.2 + 7.1;
Placebo: 48.3 + 8.9.

Iran

Adverse events

sJasi|iqels aniau olyredoinaN
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Study

Alimian 20121

Intervention and comparison
VAS scores were 4-7: 0.5
mg/kg of meperidine was given
intramuscularly (IM); above 7:1
mg/kg of meperidine was given
IM; and when VAS scores were
0 to 3: if patient wanted
analgesia: 0.5 mg/kg
meperidine was given in the
same way

(n=70)

Pregabalin:

Patients in the pregabalin
group received 300 mg of oral
pregabalin an hour before
entering the operation room in
the morning of the surgery day.
In the last 30 minutes of the
operation injecting of opioids
was prohibited. For the patients
whose pain intensity exceeded
three on VAS measurement, 25
mg pethedine was
administered intramuscularly
and documented,

(n=40)

Placebo:

the patients in the placebo
group received placebo an hour
before entering the operation
room in the morning of the
surgery day. In the last 30
minutes of the operation
injecting of opioids was
prohibited.. Duration one

Population

Patients aged 18 to 60 years
old, being a volunteer to
undergo Dacryocysto-
rhinostomy Surgery, an ASA
status of | or Il

Age - Mean (SD):
Pregabalin: 41.1 £ 14.1;
Placebo: 45.4 + 15.7.

Iran

Outcomes

Pain scores
Adverse events

Comments
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Study

Al-Mujadi 20068

Balaban 20122%*

Intervention and comparison
administration. Concurrent
medication/care: For the
patients whose pain intensity
exceeded three on VAS
measurement, 25 mg
pethedine was administered
intramuscularly and
documented.

(n=40)

Gabapentin:

1200mg of gabapentin two
hours before surgery. Morphine
3mg IV bolus doses were given
every 5 minutes until VAS pain
scores were 4 or less at rest
and 6 or less with swallowing.
Metoclopramide 10mg IV was
given for nausea and vomiting.
(n=41)

Placebo:

placebo capsules two hours
before surgery. Morphine 3mg
IV bolus doses were given
every 5 minutes until VAS pain
scores were 4 or less at rest
and 6 or less with swallowing.
Metoclopramide 10mg IV was
given for nausea and vomiting.
(n=37)

Pregabalin:

Received pregabalin (150 mg
or 300 mg) orally one hour

Population

ASA | or Il scheduled for
elective thyroid surgery
under general anaesthesia

Age - Mean (SD):
Gabapentin: 45+13; Placebo:
49+15.

United Arab Emirates

Patients over 18 years of
age and scheduled for

Outcomes

Pain scores

Dose of additional
opioids

Adverse events

Dose of additional
opioids
Adverse events

Comments

Intervention groups with different

dosages (150mg and 300mg)
were combined as there are no
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Study

Behdad 201225

Intervention and comparison
before surgery. None of the
patients received other
premedication. If a VAS score
was 5 or more, intravenous
fentanyl 25 pug was given and
repeated if required.

(n=60)

Placebo:

oral placebo one hour before
surgery. If a VAS score was 5
or more, intravenous fentanyl
25 pg was given and repeated
if required.

(n=30)

Gabapetin:

gabapentin the night before
surgery and 300 mg
gabapentin (one capsule) two
hours before surgery. Opioids
used as rescue medication,
type of opioid used not
specified

(n=30)

Placebo:

In the Placebo group, patients
got one capsule of multi-vitamin
two hours before surgery.
Opioids used as rescue
medication, type of opioid used
not specified

(n=31)

Population
laparoscopic
cholecystectomy

Age - Mean (SD):
Pregabalin: 53.6 + 13.36;
Placebo 51.4 + 15.7.

Turkey

Patients > 20 years old and
over 40 kg of weight
undergoing total abdominal
hysterectomy under general
anaesthesia

Age - Mean (SD):
Gabapentin: 45.86 + 4.06;
Placebo: 48.16 + 4.48.

Iran

Outcomes Comments

pre-defined dosages for
perioperative care

Pain scores
Adverse events
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Study
Clarke 2013%

Dierking 2004

Intervention and comparison

Gabapentin:

Gabapentin 1,200 mg
administered 2.5 hours before
surgery. Results show patients
received Fentanyl (ug)
Morphine (mg) but not dosage
information given.

(n=25)

Placebo:

Placebo administered 2.5 hours
before surgery. Results show
patients received Fentanyl (ug)
Morphine (mg) but not dosage
information given.

(n=25)

Gabapentin:

Oral gabapentin 1200 mg 1 h
before surgery, followed by oral
gabapentin 600 mg 8, 16 and
24 h after the initial dose.
Postoperative pain treatment
consisted of patient controlled
intravenous morphine (PCA)
bolus 2.5 mg, lock-out time 10
min. Additional morphine 2.5
mg intravenously was
administered by a nurse
observer, if requested by the
patient, during the first
postoperative hour.
Ondansetron 4 mg
intravenously was administered

Population

Patients ASA I, Il, or Il and
scheduled for non-cardiac
surgery with a pre-
operative anxiety score of
greater than or equal to 5/10
on a NRS.

Age - Mean (SD):
Gabapentin: 41.6+6.6;
Placebo: 41.8+6.8.

Canada

Women aged 18—75 years, o
scheduled for elective total

or subtotal abdominal
hysterectomy with or without
salpingo-oophorectomy

Age - Median (range):
Gabapentin: 46 (26—73);
Placebo: 48 (36—62).

Denmark

Outcomes

Pain scores

Anxiety score

McGill pain score

Dose of additional opioid

Adverse events

Comments

Pain scores, Anxiety score, McGill
pain score all given as median
values

Somnolence given as a median
value
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Study

Dirks 2002

Intervention and comparison
on patient request. No other
medications were administered
during the 24-h observation
period.

(n=40)

Placebo:

Receive oral placebo 1 h
before surgery, followed by
placebo 8, 16 and 24 h after
the initial dose. Postoperative
pain treatment consisted of
patient controlled intravenous
morphine (PCA) bolus 2.5 mg,
lock-out time 10 min. Additional
morphine 2.5 mg intravenously
was administered by a nurse
observer, if requested by the
patient, during the first
postoperative hour.
Ondansetron 4 mg
intravenously was administered
on patient request. No other
medications were administered
during the 24-h observation
period.

(n=40)

Gabapentin:

1,200 mg oral gabapentin 1 h
before surgery and 0.125 mg
sublingual triazolam. patient-
controlled intravenous
morphine, 2.5-mg bolus, 10 min
lock-out time. Additional

Population

Women aged 18-75 yr who
were scheduled for unilateral
radical mastectomy with
axillary dissection were
eligible for the study.

Outcomes Comments
e Pain scores Pain scores and dose of
 Dose of additional opioid additional opioid given as median

values
e Adverse events
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Study

Durmus 200762

Intervention and comparison
morphine, 2.5 mg
intravenously, was
administered by a nurse
observer, if requested by the
patient, during the lock-out
period. Ondansetron, 4 mg
intravenously, was
administered on patient
request. No other medications
were administered during the 4-
h observation period

(n=35)

Placebo: Identical placebo 1 h
before surgery and 0.125 mg
sublingual triazolam. Patient-
controlled intravenous
morphine, 2.5-mg bolus, 10 min
lock-out time. Additional
morphine, 2.5 mg
intravenously, was
administered by a nurse
observer, if requested by the
patient, during the lock-out
period. Ondansetron, 4 mg
intravenously, was
administered on patient
request. No other medications
were administered during the 4-
h observation period.

(n=35)

Gabapentin:
Gabapentin 1200mg 1 hour
prior to the induction of

Population

Age - Mean (range):
Gabapentin: 61 (54-67);
Placebo: 60 (52—-69).

Denmark

Patients ASA I-Il, aged =218
who were scheduled for
elective total abdominal
hysterectomy under general

Outcomes

Adverse events

Comments
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Study

Intervention and comparison
anaesthesia . All patients
received PCA with
intravenous morphine and
were followed for 24 h by the
study nurses who were
blinded to the study protocol.
After administration of5 mg
morphine over 30 min, starting
15 min before the estimated
time of completion of surgery,
the PCA device was set to
deliver 2 mg of morphine with
a lock-out of 15min and 4 h
limit of 35 mg, and no
continuous infusion. If
analgesia was felt to be in
adequate at any time during the
study period, the lockout time
was shortened to 5 min.

(n=25)

Placebo:

Placebo capsules 1 hour before
the induction of anesthesia. All
patients received PCA with
intravenous morphine and
were followed for 24 h by the
study nurses who were
blinded to the study protocol.
After administration of5 mg
morphine over 30 min, starting
15 min before the estimated
time of completion of surgery,
the PCA device was set to
deliver 2 mg of morphine with
a lock-out of 15min and 4 h

Population

anaesthesia in the
Gynaecology and Obstetrics
Department who could
operate a patient-controlled
analgesia (PCA) device

Age - Mean (SD):

Gabapentin: 48 + 7; Placebo:

48 £ 7

Turkey

Outcomes

Comments
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Study

Eidy 20176

Eman 201454

Intervention and comparison
limit of 35 mg, and no
continuous infusion. If
analgesia was felt to be in

adequate at any time during the

study period, the lockout time
was shortened to 5 min.
(n=25)

Gabapentin:

Patients were given
Gabapentin 800mg one hour
before surgery given 1 hour
before surgery (n=36)

Pregabalin:

Patients were given 150mg of
pregabalin orally, one hour
before surgery (n=36)

Placebo:

Patients in the placebo group
did not receive Pregabalin or
Gabapentin preoperatively
(n=36)

Pregabalin: 150 mg of oral
pregabalin given 60 minutes
prior to the surgery. When the
Aldrete recovery score (ARS)
(10) reached 9, morphine
infusion was started using the
patient-controlled analgesia
method. Morphine 50 mg was
added into 100 ml of normal
saline. Initial settings of the

Population

Patients aged between 20 -
60 ASA | or Il undergoing
laparoscopic
cholecystectomy

Mean age (SD):
Gabapentin:44.0 + 9.5;

Pregabalin:43.1 + 1.1;
Placebo: 45.3 + 9.3

Iran

Patients >18-60 years, ASA
I-11 scheduled for total
abdominal hysterectomy
surgery under general
anaesthesia

Age - Mean (SD):
Pregabalin: 43.45 + 11.56;
Placebo: 42.15 + 11.12

Outcomes

Opioid consumption
Adverse events

Dose of additional opioid
Adverse events

Comments
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Study

Ghafari 200976

Intervention and comparison
Patient-Controlled Analgesia
(PCA) device were as follows:
bolus dose 1 mg, lockout
interval 10 minutes and a 4-
hour limit 40 mg. The time first
bolus used in the PCA system
was recorded as the first
analgesic requirement time.
(n=20)

Placebo: oral placebo capsule
given 60 minutes prior to the
surgery. When the Aldrete
recovery score (ARS) (10)
reached 9, morphine infusion
was started using the patient-
controlled analgesia method.
Morphine 50 mg was added
into 100 ml of normal saline.
Initial settings of the Patient-
Controlled Analgesia (PCA)
device were as follows: bolus
dose 1 mg, lockout interval 10
minutes and a 4-hour limit 40
mg. The time first bolus used in
the PCA system was recorded
as the first analgesic
requirement times

(n=20)

Gabapentin:

300mg Gabapentin at 10pm the
night before surgery and 1 hour
before surgery. Postoperative
IV analgesia was provided
through a PCA. The PCA pump

Population

Turkey

ASA | or Il scheduled for
elective total abdominal
hysterectomy and
salpingoopherectomy and
under general anesthesia,
220 years old who were over

Outcomes

e Pain scores
e Dose of additional opioid
e Adverse events

Comments
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Study

Hanoura 201886

Intervention and comparison
was loaded with morphine
hydrochloride 1mg/mL diluted
in 0.9% NaCl and was
programmed to delivery on
request a 1mg morphine bolus
with a lock out period of 7
minutes between 2 consecutive
boluses. No other analgesia
was administered for the
patients.

(n=33)

Placebo:

Placebo given at 10pm the
night before surgery and 1 hour
before surgery. Postoperative
IV analgesia was provided
through a PCA. The PCA pump
was loaded with morphine
hydrochloride 1mg/mL diluted
in 0.9% NaCl and was
programmed to delivery on
request a 1mg morphine bolus
with a lock out period of 7
minutes between 2 consecutive
boluses. No other analgesia
was administered for the
patients.

(n=33)

Gabapentin: 600mg
gabapentin 2 hours before
surgery.

(n=20)

Pregabalin: 150mg pregabalin
2 hours before surgery.

Population

40kg and had no psychologic
problem

Age - Mean (SD):

gabapentin: 44.65 + 1.31;
Placebo: 44.55 + 1.12

Iran

Patients undergoing CABG
surgery

Age - Mean (SD): 61 (7.5)

Egypt

Outcomes

e Pain scores

e Dose of additional
opioids

e Adverse events

e Length of hospital stay

Comments

Post-extubation pain was
controlled with intravenous PCA
morphine 2 mg, with a lockout
time of 10 min
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Study

Hassani 201588

Hetta 2016%

Intervention and comparison

(n=20)

Placebo: placebo group
received identical placebo two
hours before induction of
anesthesia. In the operating
room.

(n=20)

Gabapentin: Gabapentin
group received 100 mg of oral
gabapentin one hour before
induction of anesthesia. In the
operating room, a 10-mg
capsule of gabapentin was
given to gabapentin group. If
the pain score was > 4,
analgesia (IV narcotic opiates)
was administered.

(n=30)

Placebo: placebo group
received identical-to-
gabapentin placebo capsules
one hour before induction of
anesthesia. In the operating
room, a placebo capsule was
given to this group. If the pain
score was > 4, analgesia (IV
narcotic opiates) was
administered.

(n=30)

Pregabalin:

Population

Candidates for Laparoscopic
Gastric Bypass surgery, age
> 18 years, ASA class Il or |,
morbid obesity (body mass
index [BMI] = 40 kg/m2)

Age - Mean (SD):
Gabapentin: 33.4 +5.7;
Placebo: 35.3 + 9.2

Iran

Patients ASA | and I,
scheduled for unilateral
modified radical mastectomy

Outcomes

Comments

Pain scores

Dose of additional
opioids

Adverse events

Pain scores given as a median
value. Intervention groups with
different dosages (75mg,150mg

Pain scores
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Study

Hosseini 2015%

Intervention and comparison
patients received orally 2 hours
before surgery the study
medication: pregabalin (75 mg,
150mg, 300mg. PCA with an
initial morphine bolus of 0.1
mg/kg once the patient
requested analgesia, followed
by 1-mg boluses on demand
without background infusion
with a lockout period of 5
minutes.

(n=90)

Placebo:

patients received orally 2 hours
before surgery the study
medication: placebo capsule.
Duration preoperatively.
Concurrent medication/care:
PCA with an initial morphine
bolus of 0.1 mg/kg once the
patient requested analgesia,
followed by 1-mg boluses on
demand without background
infusion with a lockout period of
5 minutes.

(n=30)

Gabapentin:

Patients given 600mg
Gabapentin 2 hours before
surgery. PCA pump containing
morphine at a concentration of
0.5 mg/ml was connected to
the patients. Device setting was
adjusted as "basic infusion of 2

Population Outcomes

with axillary
evacuation

Age - Mean (SD):
Pregabalin: 47.61 £ 7.27 ;
Placebo: 47.4 + 7.4

Egypt

Patients ASA | or Il °
scheduled for laparoscopic o
cholecystectomy

Pain scores

Dose of additional
opioids

Age - Mean (SD):
Gabapentin: 40.50 + 8.38 ;
Placebo: 38.14 + 10.80

Comments

and 300mg) were combined as
there are no pre-defined dosages
for perioperative care
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Study

Kerrick 1993106

Intervention and comparison
mi/h, demand dose of 1 ml and
lockout Interval of 15 minutes".
PCA pump was connected to
the patients during the first 24
hours after surgery

(n=22)

Placebo:

Placebo given 2 hours before
surgery. PCA pump containing
morphine at a concentration of
0.5 mg/ml was connected to
the patients. Device setting was
adjusted as "basic infusion of 2
mi/h, demand dose of 1 ml and
lockout Interval of 15 minutes".
PCA pump was connected to
the patients during the first 24
hours after surgery.

(n=22)

Amitriptyline:

50mg of amitriptyline orally in
an extemporaneously
compounded liquid for for 3
consecutive evenings as a
supplement to PCA (opioid)
therapy. PCA drug meperidine
(3mg/ml) or Morphine sulfate
0.3mg/ml.

(n=14)

Placebo:

Placebo which was the liquid
vehicle without amitriptyline for
72 hours. PCA drug meperidine

Population
Iran

Undergoing elective knee or
hip arthroplasty , ability to
comprehend the rating
scales used to assess pain,
global sense of well being,
and sleep quality, as well as
understand the PCA device
and agree to the use of this
modality for pain control

Age - Mean (SD):
Amitriptyline: 64.2 £ 11.2 ;
Placebo: 59.4 £ 12.0

USA

Outcomes

Length of stay in hospital

Comments
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Study

Khademi 2010197

Khan 20111%°

Intervention and comparison
(3mg/ml) or Morphine sulfate
0.3mg/ml.

(n=14)

Gabapentin:

Patients enrolled in the
gabapentin group received 600
mg (two 300 mg tablets).
Pethidine (0.5 mg/kg) was
given intravenously to patients
who had a pain score more
than 4. Patients who had a
VAS score more than 4 in
nausea also received
metoclopramide (10 mg)
intravenously

(n=45)

Placebo:

Patients in the placebo group
received two placebo (capsules
similar in appearance to
gabapentin). Pethidine (0.5
mg/kg) was given intravenously
to patients who had a pain
score more than 4. Patients
who had a VAS score more
than 4 in nausea also received
metoclopramide (10 mg)
intravenously.

(n=45)

Gabapentin:

Population Outcomes

Patients ASA physical status e Pain score

I and 11 patients of both  Dose of additional opioid
sexes who were scheduled Adverse events

for elective open

cholecystectomy

Age - Mean (SD):
Gabapentin 51.3+16.7;
Placebo: 52.1+13.6

Iran

Patients ASA | presenting for e Pain scores

an elective single level o Dose of additional opioid
lumbar laminectomy under

general anaesthesia

Comments

sJasi|iqels aniau olyredoinaN

IVYNIA 2Jed GA!lBJSdO!JSd



1.2
'S)ybu Jo 210N 01 103[qNnSs ‘panIssal sIybu || '020Z IDIN @

Study

Intervention and comparison  Population

Gabapentin (600mg, 900mg or
1200mg) capsules were
administered 2 hours before
the operation or immediately
post incision through a
nasogastric tube by a trained Iran
nurse. After dissolving the post-
incision capsules, the solution

was instilled via the nasogastric
tube, followed by 15ml of water

to expedite its passage into the
stomach. All patients received
morphine sulfate based on their
demand for pain control. A

bolus of 0.07mg/kg morphine
sulfate was administered at first
demand through a patient
controlled analgesia device by

the patients themselves. The
incremental dose was set at
0.03mg/kg with a lockout

interval of 15 minutes.

Continuous infusion was not
considered. no other analgesic
agents were prescribed.

(n=150)

Age - Mean (SD):
Gabapentin: 43.19 + 10.69;
Placebo: 41.0 + 10.5

Placebo:

Identical placebo capsules
were administered 2 hours
before the operation or
immediately post incision
through a nasogastric tube by a
trained nurse. After dissolving
the post-incision capsules, the

Outcomes

Comments
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Study

Khan 2013108

Intervention and comparison
solution was instilled via the
nasogastric tube, followed by
15ml of water to expedite its
passage into the stomach. All
patients received morphine
sulfate based on their demand
for pain control. A bolus of
0.07mg/kg morphine sulfate
was administered at first
demand through a patient
controlled analgesia device by
the patients themselves. The
incremental dose was set at
0.03mg/kg with a lockout
interval of 15 minutes.
Continuous infusion was not
considered. no other analgesic
agents were prescribed

(n=25)

Gabapentin:

Received oral gabapentin 1200
mg two hours before surgery.
For postoperative analgesia,
patients received nalbuphine
0.05 mg/kg IV every two hours
by assessing VAS. The first
post-operative dose of
nalbuphine was given two
hours after

surgery. In case the pain score
was more than 3 (moderate
pain) a top up dose of
nalbuphine 0.05 mg/kg was
administered intravenously and
was noted.

Population

Patients undergoing total
abdominal hysterectomy

Age - Mean (SD): 43.97 =
4.033

Pakistan

Outcomes

Pain scores
Dose of additional opioid
Adverse events

Comments

Intervention groups with different
dosages (600mg, 900mg,
1200mg) were combined as there
are no pre-defined dosages for
perioperative care
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Study

Khurana 2014110

Intervention and comparison
(n=35)

Placebo: received oral placebo
capsules two hours before
surgery. For postoperative
analgesia, patients received
nalbuphine 0.05 mg/kg IV every
two hours by assessing VAS.
The first post-operative dose of
nalbuphine was given two
hours after

surgery. In case the pain score
was more than 3 (moderate
pain) a top up dose of
nalbuphine 0.05 mg/kg was
administered intravenously and
was noted.

(n=35)

Gabapentin: 300mg of
Gabapentin 60 minutes
preoperatively and 8 hourly for
7 days postoperatively. 1 to 2
mg/kg Tramadol IV when VAS
score >3

(n=30)

Pregabalin: 75mg of
Pregabalin 60 minutes
preoperatively and 8 hourly for
7 days postoperatively. 1 to 2
mg/kg Tramadol IV when VAS
score >3

(n=30)

Population

Patients with chronic low
back pain persisting up to 6
months in spite of alternative
therapies and on radiological
intervention diagnosed with
intervertebral disc prolapse
without ligament hypertrophy
posted for lumbar
discectomy; minimum VAS
at recruitment 4; ASA | or Il
Age - Mean (SD):
Gabapentin: 49 + 10.4;
Pregabalin: 46.9 + 10.1

India

Outcomes

Adverse events

Comments
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Study
Kim 20172

Intervention and comparison

Pregabalin:

The pregabalin group received
oral pregabalin 150mg orally
1lhour before the anesthetic
induction. After completion of

the surgical procedure, IV-PCA.

The IV-PCA regimen consisted
of fentanyl 20mgkg1 in 0.9%
saline (total volume; 100mL)
was programmed to deliver
1mL each time the patient
pressed the activation button,
with a 15minutes lockout
interval, no fentanyl bolus
before initiation. If the patient
requested additional analgesic
or the patient's NRS score was
=5, tramadol 0.7mgkg was
administered intravenously and
repeated if required

(n=30)

Placebo:

The placebo group received
placebo drug orally 1hour
before the anesthetic induction.
After completion of the surgical
procedure, IV-PCA. The IV-
PCA regimen consisted of
fentanyl 20mgkg1 in 0.9%
saline (total volume; 100mL)
was programmed to deliver
1mL each time the patient
pressed the activation button,
with a 15minutes lockout
interval, no fentanyl bolus

Population

Patients ASA class 1 or 2,
scheduled to undergo
elective wedge resection or
lobectomy underVATSwere
enrolled in this randomized,
placebo-controlled, double-
blind trial.

Age - Mean (SD):

Pregabalin: 56+12; Placebo:

58+9

South Korea

Outcomes Comments

Pain scores

Dose of additional
opioids

Adverse events

sJasi|iqels aniau olyredoinaN

IVYNIA 2Jed GA!lE?JSdO!,ISd



G/2
'S)ybu Jo 210N 01 103[qNnSs ‘panIssal sIybu || '020Z IDIN @

Study

Leung 20067

Marashi 2012134

Intervention and comparison
before initiation. If the patient
requested additional analgesic
or the patient's NRS score was
25, tramadol 0.7mgkg was
administered intravenously and
repeated if required

(n=30)

Gabapentin:

Gabapentin 900mg
administered 1 to 2 hours
before surgery and anesthesia.
This dose was continued for
the first 3 postoperative days. .
PCA IV hydromorphone

(n=9)

Placebo: Placebo administered
1 to 2 hours before surgery and
anesthesia. This dose was
continued for the first 3
postoperative days. PCA IV
hydromorphone.

(n=12)

Gabapentin: patients received
three capsules, each containing
300 mg (a total of 900 mg)
gabapentin, two hours before
surgery. The cases of
postoperative pain with the
VAS score over of four, 0.1
mg/kg morphine was
administered for the patients. If

Population Outcomes
Patients who were 245 e Dose of additional opioid
years, undergoing surgery e Pain score

involving the spine, requiring
general anesthesia and
expected to remain in the
hospital postoperatively for
272 hours

Age - Mean (SD):
Gabapentin: 57.2 + 10.3;
Placebo: 61.4 + 11.3

Denmark

Patients ASA | and Il whom e Pain scores

underwent total e Dose of additional opioid
thyroidectomy without lymph

node dissection (Patients

studied were previously

diagnosed with multi-nodular

goiter)

Comments
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Study

Mardani-kivi
2013136

Intervention and comparison
more analgesic was required,
the interval between two
injections was at least four
hours.

(n=22)

Placebo: Placebo capsules
given 2 hours before surgery.
In the cases of postoperative
pain with the VAS score over of
four, 0.1 mg/kg morphine was
administered for the patients. If
more analgesic was required,
the interval between two
injections was at least four
hours.

(n=22)

Gabapentin:

600mg of gabapentin 2 hours
preoperatively. On-demand
pethedine (0.5mg/Kg) was
injected for patients’ pain
management in the first 24 h
post-operation. No other
sedatives or analgesics were
given to the patients during the
follow-up period.

(n=57)

Placebo:

Patients given identical-looking
placebo. The placebo was
provided in identical form to the
original capsule by the same
pharmaceutical company 2

Population

Age - Mean (SD):
Gabapentin: 38.5 + 10.1;
Placebo: 38.2 £ 10.0.

Iran

Patients aged between 18-
55 years, physical condition
type | or Il in ASA operation
duration time less than one
hour, and no concurrent
lesions identified during
arthroscopy.

Age - Mean (SD):
Gabapentin: 32.2+9.3;
Placebo: 30.5+£10.2

Iran

Outcomes

Pain scores
Dose of additional opioid
Adverse events

Comments
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Study

Mardani-Kivi
2016

Intervention and comparison
hours preoperatively. On-
demand pethedine (0.5mg/Kg)
was injected for patients’ pain
management in the first 24 h
post-operation. No other
sedatives or analgesics were
given to the patients during the
follow-up period.

(n=57)

Gabapentin:

gabapentin 600 mg two hours
prior to the operation.
Pethedine (0.5 mg/kg) was
injected on demand. None of
the patients received other
opioids or analgesics peri-
operatively.

(n=38)

Placebo:

Identical placebo administered

two hours before the operation.

The placebo capsules were
produced in the form identical
to the active counterparts
manufactured by the same
company. Pethedine (0.5
mg/kg) was injected on
demand. None of the patients
received other opioids or
analgesics peri-operatively.
(n=38)

Population

Patients aged between 18—
75, types | or Il in ASA
physical status, operation
duration time less than one
hour and no concomitant
lesions diagnosed during
arthroscopy.

Age - Mean (SD):
Gabapentin: 30.2 + 5;
Placebo: 28.3+4.4

Iran

Outcomes

Pain scores
Dose of additional opioid
Adverse events

Comments
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Study
Metry 200814

Mishra 201646

Intervention and comparison

Gabapentin:

two hours prior to induction of
anesthesia or two hours after
the end of surgery patients
received 1200mg of
Gabapentin. All patients
received morphine 3mg IV
every 10 minutes until VAS
scores were 4 or less at rest
and 6 or less during
mobilization.

(n=74)

Placebo:

Two hours prior to induction of
anesthesia or two hours after
the end of surgery patients
received Placebo. All patients
received morphine 3mg IV
every 10 minutes until VAS
scores were 4 or less at rest
and 6 or less during
mobilization.

(n=37)

Gabapentin:

30 patients who received 900
mg oral gabapentin in the form
of 3 capsules containing 300
mg of gabapentin about 1 h
prior to the induction of
anesthesia. Whenever the pain
score of a particular patient
was 24, the patient was given

Population Outcomes Comments

Patients aged 18-75, e Pain scores Intervention groups with different
scheduled for unilateral e Dose of additional timing but same dosage (pre or
modified radical mastectomy opioids post intervention) were combined

with auxillary dissection Adverse events

Age - Mean (SD):
Gabapentin: 57.45 + 7.806;
Placebo: 58.6 + 8.9

Egypt

Patients ASA | and Il of °
either sex in the age group of
20-60 years, weighing 40—

70 kg, scheduled for elective
laparoscopic

cholecystectomy

Pain scores
Dose of additional opioid
Adverse events

Age - Mean (SD):
Gabapentin: 37 + 9.37;
Pregabalin: 35.8 + 8.43
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Study

Mohammadi
2008148

Intervention and comparison
injection tramadol (1 mg/kg) i.v.
as a rescue analgesic.

(n=30)

Pregabalin:

30 patients who received 150
mg oral pregabalin in the form
of 2 capsules containing 75 mg
pregabalin about 1 h prior to
the induction of anesthesia.
Whenever the pain score of a
particular patient was 24, the
patient was given injection
tramadol (1 mg/kg) i.v. as a
rescue analgesic.

(n=30)

Gabapentin:

Patients within this group
received 400mg Gabapentin 1
hour before surgery. Fentanyl
was used as rescue
postoperative analgesic and
Ondansetron 4mg |V as rescue
medication for emesis

(n=35)

Placebo:

Placebo tablet given 1 hour
before surgery. Fentanyl was
used as rescue postoperative
analgesic and Ondansetron
4mg IV as rescue medication
for emesis.

Population

India

Patients ASA | or Il, aged 20
- 45, scheduled for outpatient
laparoscopic surgery under
general anaesthesia

Age - Mean (SD):
Gabapentin: 31.3 £ 5.4;
Placebo: 31.9 + 5.6

Iran

Outcomes

Pain score
Adverse events

Comments

Pain score given as a median
value
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Study

Mohammed
2012149

Intervention and comparison
(n=35)

Gabapentin:

patients received oral
gabapentin 1.2 g 1 h before
scheduled time for surgery.
After arrival in the post
anesthesia care unit (PACU),
patients were connected to a
PCA device and postoperative
analgesia was provided using 2
mg IV bolus injections of
morphine at a lockout interval
of 10 min and with a maximum
4 h limit of 40 mg. The
incremental bolus dose of
morphine was increased to 3
mg if analgesia was inadequate
(pain score by visual analogue
scale (VAS) was more than 4
cm after the first hour of PCA
use.

(n=40)

Placebo:

received oral placebo capsules
before scheduled time for
surgery. After arrival in the post
anesthesia care unit (PACU),
patients were connected to a
PCA device and postoperative
analgesia was provided using 2
mg IV bolus injections of
morphine at a lockout interval
of 10 min and with a maximum
4 h limit of 40 mg. The

Population Outcomes

Patients ASA |-Il, scheduled e Dose of additional opioid
to undergo elective e Adverse events
functional endoscopic sinus

surgery. > 18 years old,

willing to comply with the

postoperative follow-up

evaluations, within 50% of

ideal body weight, had no

clinically significant

cardiovascular or central

nervous system disease, and

could operate a patient-

controlled analgesia (PCA)

device

Age - Mean (SD):
Gabapentin: 30.6+6.1;
Placebo: 33.7+4.2

Egypt

Comments
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Study

Montazeri 2007152

Nesioonpour
2014164

Intervention and comparison
incremental bolus dose of
morphine was increased to 3
mg if analgesia was inadequate
(pain score by visual analogue
scale (VAS) was more than 4
cm after the first hour of PCA
use.

(n=40)

Gabapentin:

300 mg capsule of gabapentin
was given to the patients about
two hours before induction of
anaesthesia. Patients received
morphine 0.05 mg/kg IV on
demand.

(n=35)

Placebo:

One placebo capsule was
given to the patients within this
group. The size and shape of
the capsules for both groups
looked similar. The medication
was given to the patients about
two hours before induction of
anaesthesia. Patients received
morphine 0.05 mg/kg IV on
demand.

(n=35)

Gabapentin:

800mg oral gabapentin as two
400mg capsules one hour
before surgery. IV pethidine

Population Outcomes

Patients aged 16-70 years; e Pain scores

ASA I -II; duration of surgery o  pose of additional opioid
between 1.5-2 hours; and

scheduled for knee

arthroscopy

Age - Mean (SD):
Gabapentin: 34.7 + 18.1;
Placebo: 34.6 + 17.8

Iran

Patients >18 years of age, e Pain scores

VAVgi'gTing at least 40kg and e Dose of additional opioid

Comments
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Study

Ozgencil 20117°

Intervention and comparison
0.3mg/kg was considered to be
administered in case of VAS at
or above 3.

(n=31)

Placebo:

Two placebo capsules one
hour before surgery. IV
pethidine 0.3mg/kg was
considered to be administered
in case of VAS at or above 3.
(n=31)

Gabapentin:

Patients received gabapentin
600 mg at two hours prior to
the operation, and ten and 22
hours after the operation (over
two days). PCA pump was set
to deliver a loading dose of 2.5
mg and an incremental dose of
2.5 mg at a lockout interval of
eight minutes and a four-hour
limit of 50 mg. The incremental
dose was increased to 3 mg,
the lock -out interval decreased
to six minutes and the four hour
limit increased to 60 mg,
whenever the analgesia was
inadequate after one hour.
(n=30)

Pregabalin:

Population

Age - Mean (SD):
Gabapentin: 28.43 + 10.43;
Placebo: 28.81 + 10.44

Iran

Patients who were
scheduled to undergo
elective decompressive
lumbar laminectomy and
discectomy.

Age - Mean (SD):
Gabapentin: 50.6 + 9.1;
Pregabalin: 51.9 + 7.1

Turkey

Outcomes Comments

e Pain scores

e Dose of additional
opioids
Adverse events
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Study

Pandey 2004180

Intervention and comparison

Patients received Pregabalin
150mg at two hours prior to the
operation, and ten and 22
hours after the operation (over
two days). PCA pump was set
to deliver a loading dose of 2.5
mg and an incremental dose of
2.5 mg at a lockout interval of
eight minutes and a four-hour
limit of 50 mg. The incremental
dose was increased to 3 mg,
the lock -out interval decreased
to six minutes and the four hour
limit increased to 60 mg,
whenever the analgesia was
inadequate after one hour.
(n=30)

Gabapentin:

Oral 300 mg gabapentin, two
hours before surgery. 2 ug-kg—
1 fentanyl was administered
intravenously by a staff nurse
as a rescue analgesic at the
patient’'s demand

(n=153)

Tramadol:

100 mg tramadol or a matching
placebo two hours before
surgery. 2 pg-kg—1 fentanyl
was administered intravenously
by a staff nurse as a rescue
analgesic at the patient’s
demand

Population

Patients ASA | and Il of both
sexes scheduled for elective
laparoscopic
cholecystectomy

Age - Mean (SD):
Gabapentin: 41.65 + 11.19;
Tramadol: 40.03 + 10.84.

India

Outcomes

Pain scores

Dose of additional
opioids

Adverse events

Comments
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Study

Pandey 20048

Pandey 200578

Intervention and comparison
(n=153)

Gabapentin:

oral gabapentin 300 mg two
hours before surgery. Patients
received fentanyl 2
(micrograms) ug-kg—1 on
demand.

(n=28)

Placebo:

matching placebo two hours
before surgery. Patients
received fentanyl 2
(micrograms) ug-kg—-1 on
demand.

(n=28)

Gabapentin:

2 hours before surgery patients
received Gabapentin and
additional placebo capsules
(300mg Gabapentin + 4
placebo capsules; 600mg
Gabapentin + 3 placebo
capsules; 900mg Gabapentin +
2 placebo capsules; 1200mg
Gabapentin + 1 placebo
capsule). Fentanyl 1.0 pg/kg on
each demand with a lockout of
10 minutes

(n=80)

Placebo:

Population

Patients ASA | and Il, of both
sexes scheduled for single-
level lumbar disc surgery

Age - Mean (SD):
Gabapentin: 38.5 + 7.7;
Placebo: 39.1 £ 11.6.

India

Patients ASA | and I,
scheduled for single level
lumbar disk surgery

Age - Mean (SD):
Gabapentin: 41.6+ 12.03;
Placebo: 36.9+11.5.

India

Outcomes

e Dose of additional opioid
e Adverse events

e Pain scores
e Dose of additional opioid
e Adverse events

Comments

Intervention groups with different
dosages (300mg, 600mg, 900mg
and 1200mg) were combined as

there are no pre-defined dosages
for perioperative care
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Study

Pandey 200582

Intervention and comparison
5 capsules of placebo matching
gabapentin . Duration
preoperative. Concurrent
medication/care: Fentanyl 1.0
pg/kg on each demand with a
lockout of 10 minutes.

(n=20)

Gabapentin:

Received two capsules of
gabapentin 300 mg each two
hours before surgery or two
capsules of gabapentin 300 mg
each through a nasogastric
tube after surgical incision.
Subjects received analgesia via
PCA pump (fentanyl 1.0 pg-kg—
1 iv on each demand with
lockout interval of 5 min).
(n=40)

Placebo:

Received two capsules of
matching placebo two hours
before scheduled surgery and
two capsules of placebo
through a nasogastric tube
after surgical incision. Subjects
received analgesia via PCA
pump (fentanyl 1.0 pg-kg-1 iv
on each demand with lockout
interval of 5 min).

(n=20)

Population

ASA |, healthy kidney donors
of both sexes and scheduled
for open donor nephrectomy

Age - Mean (SD):
Gabapentin: 44.6 + 10.47;
Placebo: 41.5 + 12.3

India

Outcomes

Pain scores
Dose of additional opioid
Adverse events

Comments

Intervention groups with different
timing but same dosage (pre or
post-surgical intervention) were
combined
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Study
Pandey 20067

Pandey 201477

Intervention and comparison

Gabapentin:

Received 600 mg of
gabapentin 2 hours before
surgery. Patients received
patient-controlled-analgesia for
their pain management (PCA
pump was set to fentanyl 1.0
mg/kg patient's activated dose
with lockout interval of 10
minutes). Patients received
ondansetron 4 mg
intravenously when they
demanded antiemetics.
(n=130)

Placebo:

Placebo capsules 2 hours
before surgery. Patients
received patient-controlled-
analgesia for their pain
management (PCA pump was
set to fentanyl 1.0 mg/kg
patient's activated dose with
lockout interval of 10 minutes).
Patients received ondansetron
4 mg intravenously when they
demanded antiemetics.
(n=130)

Gabapentin:

Patients received 600 mg of
gabapentin (two capsules of

Population

Patients scheduled for
elective laparoscopic
cholecystectomy

Age - Mean (SD):
Gabapentin: 42.8 + 11.4;
Placebo: 41.8 £ 11.1

India

Patients undergoing
laproscopic cholecystectomy

Mean age (SD):

Outcomes

Dose of additional
opioids
Adverse events

Pain scores
Dose of additional opioid

Comments
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Study

Paulus Lalenoh
2014121

Intervention and comparison

300 mg each) 2 h. before
scheduled surgery (n=40)

Pregabalin:

Patients received 150 mg
pregabalin (two capsules of 75
mg each) 2 h. before scheduled
surgery (n=37)

Pregabalin:

1 hour before surgery
pregabalin given 3 mg/kg
orally. Both groups
postoperative analgesic
morphine given iv injection in
Patient Controlled Analgesia
(PCA) with the help of PCA
infuser.

(n=26)

Placebo:

1 hour before surgery was
given a placebo in the form of
starch glucose (in the same
form with the pregabalin
capsules) orally. Duration
preoperatively. Concurrent
medication/care: Both groups
postoperative analgesic
morphine given iv injection in
Patient Controlled Analgesia
(PCA) with the help of PCA
infuser.

(n=26)

Population Outcomes

Gabapentin: 40.5+10.0;
Pregabalin: 43.7+10.9

India

Patients scheduled for e Pain scores
hysterectomy

Age - Mean (range):
Pregabalin: 41.7; Placebo:
40.7 - Range (36-48)

Uganda

Comments

Pain scores given as a medial
value and post-operative
morphine regimen not specified
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Study

Radhakrishnan
2005189

Intervention and comparison  Population Outcomes Comments
EaEnaETi Patients 18-65, ASA | or I, e Pain scores

' . . undergoing elective lumbar i
400mg of Gabapentin the night |5 inactomy and discectomy . cl?;z?dgf additional

before surgery and two hours

prior to surgery. At arrival in .
ICU, patients were given a Age - Mean (SD):

bolus dose of morphine (0.08-  Gabapentin: 39.63+10.87;
0.1mg / kg) through a PCA Placebo: 41.67+12.06
device. The incremental dose

was set at 0.02-0.03mg/kg with  India

a lockout interval of 10 minutes.

No background infusion was

started. For pain during the lock

out interval, the same dose was

given as a bolus by the

observer.

(n=30)

Placebo:

Placebo capsule taken the
night before surgery and 2
hours prior to procedure. At
arrival in ICU, patients were
given a bolus dose of morphine
(0.08-0.1mg / kg) through a
PCA device. The incremental
dose was set at 0.02-
0.03mg/kg with a lockout
interval of 10 minutes. No
background infusion was
started. For pain during the lock
out interval, the same dose was
given as a bolus by the
observer.

(n=30)

Adverse events

sJasi|iqels aniau olyredoinaN

AVYNIH 81ed SA!lB,IedO!,ISd



68¢
'S1ybu Jo 8210N 01 103[gNS *panlasal sIybl | "020Z IOIN ©

Study

Routray 2018%%

Said-Ahmed
2007203

Intervention and comparison

Gabapentin:

Two gabapentin capsules
300mg each with a sip of water
1 hour before the expected
time of induction of anesthesia.
Rescue analgesia was
Tramadol injection of 1.5mg/kg
when the VAS score was more
than 4

(n=25)

Pregabalin:

Two pregabalin capsules
150mg each with a sip of water
1 hour before the expected
time of induction of anesthesia.
Rescue analgesia was
Tramadol injection of 1.5mg/kg
when the VAS score was more
than 4.

(n=25)

Gabapentin:

2 hours before surgery patients
received Gabapentin (300, 60,
or 1200mg). Patients received
fentanyl 2 mcg/kg on demand.
(n=60)

Placebo:

Placebo given orally 2 hours
before surgery. Duration
preoperatively. Concurrent
medication/care: Patients
received fentanyl 2 mcg/kg on
demand.

Population Outcomes

Patients ASA grade | and Il e Dose of additional
of either sex and of age opioids

group between 25 and 70 e Adverse events

years. All cases were
scheduled for elective spine
surgery which includes
lumbar discectomy and
spinal tumor surgeries under
general anaesthesia

Age - Mean (SD):
Gabapentin: 35.36 + 9.97;
Pregabalin: 36.56 + 9.82

India

Patients ASA 1 and 2, e Pain scores

scheduled for elective e Dose of additional opioid
myomectomy

Adverse events

Age - Mean (SD):
Gabapentin: 37.33 + 6.68;
Placebo: 36 + 7

Egypt

Comments

Intervention groups with different
dosages (300mg, 600mg and
1200mg) were combined as there
are no pre-defined dosages for
perioperative care
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Study

Siddiqui 2014206

Intervention and comparison  Population
(n=20)

Gab - Patients with an established
ElORIpEITS diagnosis of IBD between 18
- 60 scheduled for open

600mg of oral Gabapentin 1
- e bowel surgery with a midline

hour before surgery. Morphine

PCA with a bolus of 1.5mg incision
morphine with a lockout of 5
minutes, and a 4 hour limit of Age - Mean (SD):

40mg. Inadequate Gabapentin: 38.1 £ 12.6;
postoperative pain control with  Placebo 37.2 + 13.2
this regimen was treated by

increasing the bolus, and if Canada

needed the 4 hour limit. If in the

pain physicians judgment the

pain was not adequately

controlled with morphine, they

would be switched to

hydromorphone PCA in

equipotent dose settings

(n=40)

Placebo:

Placebo capsules 1 hour before
surgery. Morphine PCA with a
bolus of 1.5mg morphine with a
lockout of 5 minutes, and a 4
hour limit of 40mg. Inadequate
postoperative pain control with
this regimen was treated by
increasing the bolus, and if
needed the 4 hour limit. If in the
pain physician’s judgment the
pain was not adequately
controlled with morphine, they

Outcomes

Adverse events

Comments
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Study

Soltanzadeh
2011210

Intervention and comparison
would be switched to
hydromorphone PCA in
equipotent dose settings.
(n=41)

Gabapentin:

800 mg oral gabapentin two
hours before the surgery,
followed by 400 mg oral
gabapentin two hours after
extubation. All patients
received intramuscular
morphine 10 mg and 25 mg
promethazine before
transferring to the operating
room. Postoperatively, 2 mg
morphine was administered
intravenously if requested by
the patient (NRS=3) as rescue
analgesia.

(n=30)

Placebo:

Oral placebo two hours before
the surgery, followed by
placebo two hours after
extubation. All patients
received intramuscular
morphine 10 mg and 25 mg
promethazine before
transferring to the operating
room. Postoperatively, 2 mg
morphine was administered
intravenously if requested by
the patient (NRS=3) as rescue
analgesia.

Population

Patients aged 20-70 years
who were candidates for
coronary artery bypass graft
(CABG) surgery

Age - Mean (SD):
Gabapentin: 58.2+8.3;
Placebo: 55.2+8.1

Iran

Outcomes

Dose of additional opioid

Comments
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Study

Spreng 2011213

Srivastava 2010%4

Intervention and comparison
(n=30)

Pregabalin:

150mg Pregabalin one hour
before surgery. All patients
were pre-medicated with
Paracetamol (<60kg - 1000mg;
>60kg - 1500mg).
Postoperatively patients
equipped with IV PCA for the
first 24 hours, 2mg morphine
bolus with a 10 minute lock out
time.

(n=25)

Placebo:

Placebo one hour before
surgery. All patients were pre-
medicated with Paracetamol
(<60kg - 1000mg; >60Kkg -
1500mg). Postoperatively
patients equipped with IV PCA
for the first 24 hours, 2mg
morphine bolus with a 10
minute lock out time.

(n=25)

Gabapentin:

600mg of gabapentin orally
with sips of water 2h before
surgery. All the patients
received a bolus dose of 50mg
of tramadol followed by 20mg
on demand with a lockout
interval of 15min with a

Population

Patients scheduled for an
elective lumbar single level
microdiscectomy

Age - Mean (SD):
Pregabalin: 44.1 +£10.8;
Placebo: 42.9 + 7.6

Norway

Patients ASA | and I
patients requiring elective
minilap open
cholecystectomy

Age - Mean (SD):
gabapentin: 43+7.06;
Placebo: 44.7+9.40

Outcomes

Pain score
Adverse events

Dose of additional opioid
Adverse events

Comments

Pain scored given as an area
under the curve
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Study

Sundar 2012220

Intervention and comparison
maximum allowable dose of
240mg in 4 h.

(n=63)

Placebo:

identical looking capsule
placebo orally with sips of
water 2h before surgery. All the
patients received a bolus dose
of 50mg of tramadol followed
by 20mg on demand with a
lockout interval of 15min with a
maximum allowable dose of
240mg in 4 h

(n=64)

Pregabalin:

150 mg of pregabalin orally 60
min before surgery.
Postoperatively fentanyl 0.5
mcg/kg was given whenever
visual analog scale (VAS) was
4 or more. From the first
postoperative day onward all of
the patients received the
following medications routinely:
Enoxaparin 40 mg/day
subcutaneously, clopidogrel 75
mg/day, aspirin 75 mg/day, to
inhibit platelet aggregation, and
20 mg/day pantoprazole for
gastric protection.

(n=30)

Placebo:

Population

India

Patients scheduled for
elective Off Pump Coronary
Artery Bypass surgery under
general anaesthesia

Age - Mean (SD):
Pregabalin: 60.1 + 8.6;
Placebo: 57.2 + 7.6

India

Outcomes

Pain scores
Dose of additional opioid
Adverse events

Comments
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Study

Syal 2010723

Intervention and comparison
Placebo capsule similar to
pregabalin, 60 minutes before
surgery. Postoperatively
fentanyl 0.5 mcg/kg was given
whenever visual analog scale
(VAS) was 4 or more. From the
first postoperative day onward
all of the patients received the
following medications routinely:
Enoxaparin 40 mg/day
subcutaneously, clopidogrel 75
mg/day, aspirin 75 mg/day, to
inhibit platelet aggregation, and
20 mg/day pantoprazole for
gastric protection.

(n=30)

Gabapentin:

Patients received 1200 mg of
Gabapentin packed in 5
capsules 2 hours before
induction. Injection Tramadol
1mg kg-1 was given over 2-3
minutes intravenously and after
a further 30 minutes VAS was
observed. Further increment of
20 mg was given if VAS = 40m
and the total dose (maximum
400 mg/24 hours) were
recorded.

(n=30)

Placebo:
Patients received 5 placebo
capsules filled with thin sugar 2

Population

Patients ASA | and Il, 20 to
50 years, weighing between
40 to 65 kg and undergoing
elective surgery (open
cholecystectomy) under
general anesthesia.

Age - Mean (SD):
Gabapentin: 39.97 + 6.20;
Placebo: 39.60 + 7.69

India

Outcomes

Dose of additional opioid
Adverse events

Comments
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Study

Tuncer 2005232

Turan 2004233

Intervention and comparison
hours before induction.
Injection Tramadol 1mg kg-1
was given over 2-3 minutes
intravenously and after a
further 30 minutes VAS was
observed. Further increment of
20 mg was given if VAS =
40mm and the total dose
(maximum 400 mg/24 hours)
were recorded.

(n=30)

Gabapentin:

Received Gabapentin (1200mg
or 800mg) 1 hour before
surgery. PCA morphine set to
deliver morphine 1mg in a 1ml
solution on demand. The
lockout interval was set to 7
minutes.

(n=30)

Placebo:

Placebo capsule given 1 hour
before surgery. PCA morphine
set to deliver morphine 1mg in
a 1ml solution on demand. The
lockout interval was set to 7
minutes

(n=15)

Gabapentin:

1,200 mg gabapentin 1 hour
before surgery. All patients
received 1 mg/ml morphine via

Population

Patients ASA | or Il
scheduled to undergo major
orthopaedic surgery with
general anaesthesia

Age - Mean (SD):
Gabapentin: 37.05 + 16.04;
Placebo: 37.8 + 16.6

Turkey

Patients undergoing elective
lumbar discectomy or spinal
fusion surgery =218 yr old,
weighed more than 40 kg,
and could operate a patient-

Outcomes Comments

Intervention groups with different
dosages (800mg and 1200mg)
were combined as there are no
pre-defined dosages for
perioperative care

e Pain scores
e Dose of additional opioid
e Adverse events

Pain scores given as a median
value

e Pain scores
e Dose of additional opioid
e Adverse events

sJasi|iqels aniau olyredoinaN

IVYNIA 2Jed GA!lEZJSdO!JSd



962
'S1ybu Jo 210N 01 103[gNnSs ‘panIssal sIybu || '020Z IDIN @

Study

Turan 2004234

Intervention and comparison
the PCA with an incremental
dose of 2 mg, a lockout interval
of 10 min, and a 4-h limit of 40
mg. The incremental dose was
increased to 3 mg, and the 4-h
limit to 50 mg, if analgesia was
inadequate after 1 h.

(n=25)

Placebo:

Oral placebo 1 hour before
surgery. All patients received 1
mg/ml morphine via the PCA
with an incremental dose of 2
mg, a lockout interval of 10
min, and a 4-h limit of 40 mg.
The incremental dose was
increased to 3 mg, and the 4-h
limit to 50 mg, if analgesia was
inadequate after 1 h.

(n=25)

Gabapentin:

1200 mg gabapentin 1 hour
before surgery. All patients
received tramadol PCA (3
mg/mL) with an initial 50 mg
loading dose, 20 mg
incremental dose, 10-min
lockout interval, and 4-h limit of
300 mg. The incremental dose
was increased to 30 mg if
analgesia was inadequate after
1h.

Population
controlled analgesia (PCA)
device

Age - Mean (SD):
Gabapentin: 48 + 9; Placebo:
45 + 8.

Turkey

Patients aged 18 yr old,
weighed more than 40 kg,
and could operate a PCA
device, undergoing total
abdominal hysterectomy with
salpingo-oophorectomy

Age - Mean (SD):
Gabapentin: 52.5 + 11.2;
Placebo: 50.4 £ 10.2

Turkey

Outcomes

Pain scores
Dose of additional opioid
Adverse events

Comments
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Study

Vahedi 2011240

Intervention and comparison
(n=25)

Placebo:

Oral placebo capsules 1 hour
before surgery . All patients
received tramadol PCA (3
mg/mL) with an initial 50 mg
loading dose, 20 mg
incremental dose, 10-min
lockout interval, and 4-h limit of
300 mg. The incremental dose
was increased to 30 mg if
analgesia was inadequate after
1h.

(n=25)

Gabapentin:

300mg Gabapentin 2 hours
before surgery. Each patient
received the first dose of
morphine (0.1mg/kg) via a PCA
pump and then was transferred
to intensive care unit. A similar
PCA setting was applied in all
patients (lock-out interval time
of 20 minutes, bolus infusion of
0.03mg/kg and no maintenance
infusion.

(n=103)

Placebo:

Identical placebo taken 2 hours
before surgery. Each patient
received the first dose of
morphine (0.1mg/kg) via a PCA
pump and then was transferred

Population Outcomes

Patients >18 to <60, weight °
range 60 to 80kg, ASAlorll,
and concordant clinical

imaging characteristics
necessitating the need for
laminectomy and discectomy

in one single lumbar level.

Pain scores
Dose of additional opioid

Age - Mean (SD):
Gabapentin: 44.5 + 10.374;
Placebo: 44.4 + 10.558

Iran

Comments

Secondary exclusion criteria
applied to the participants after
surgical intervention was
completed
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Study

Waikakul 201124t

Intervention and comparison
to intensive care unit. A similar
PCA setting was applied in all
patients (lock-out interval time
of 20 minutes, bolus infusion of
0.03mg/kg and no maintenance
infusion.

(n=103)

Gabapentin:

Gabapentin 400 mg one to two
hours before anesthesia and
then gabapentin 300 mg 12
and 24 hours later. Analgesia if
required was initially managed
with IV morphine 1-2mg every
15 minutes until the pain was
relieved. The patient was
connected to a PCA On arrival
to the wards. Initial setting was
patient-controlled dose 1-2 mg,
lockout interval eight minutes,
and four-hour limit 40 mg. The
incremental dose was
increased to 2-2.5 mg, and the
four-hour limit was increased to
50 mg if analgesia was
inadequate after one hour. If
analgesia remained inadequate
after an additional hour, the
incremental dose was further
increased to 3.0 mg, and the
four-hour limit was increased to
60 mg in care unit (PACU),
patient was asked to rate
his/her pain every 15 minutes
using a numerical rating scale

Population

Patients aged18-80 years,
ASA 1, 1I, or Il undergoing
major spinal surgery
(decompression or fixation or
reconstruction)

Age - Mean (SD):
Gabapentin: 44.7 + 19.4;
Placebo: 50.4 + 13.6

Thailand

Outcomes

Pain scores
Dose of additional opioid
Adverse events

Comments

Pain scores and dose of
additional morphine consumption
gives as median values
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Study

Intervention and comparison  Population
(NRS) ranging from 0 to 10,
with O representing no

pain and 10 representing the
worst imaginable pain.
Analgesia, if required, was
initially managed with
intravenous morphine 1-2 mg
every 15 minute until

the pain was relieved. The
loading dose of morphine

was recorded. The patient was
connected to a PCA

pump

(n=28)

Placebo:

Placebo one to two hours
before anesthesia and placebo
12 and 24 hours later.
Analgesia if required was
initially managed with IV
morphine 1-2mg every 15
minutes until the pain was
relieved. The patient was
connected to a PCA On arrival
to the wards. Initial setting was
patient-controlled dose 1-2 mg,
lockout interval eight minutes,
and four-hour limit 40 mg. The
incremental dose was
increased to 2-2.5 mg, and the
four-hour limit was increased to
50 mg if analgesia was
inadequate after one hour. If
analgesia remained inadequate
after an additional hour, the
incremental dose was further

Outcomes

Comments
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Study

White 2009249

Intervention and comparison
increased to 3.0 mg, and the
four-hour limit was increased to
60 mg in care unit (PACU),
patient was asked to rate
his/her pain every 15 minutes
using a numerical rating scale
(NRS) ranging from 0 to 10,
with O representing no

pain and 10 representing the
worst imaginable pain.
Analgesia, if required, was
initially managed with
intravenous morphine 1-2 mg
every 15 minute until

the pain was relieved. The
loading dose of morphine

was recorded. The patient was
connected to a PCA

pump

(n=28)

Pregabalin:

60-90 min before induction of
general anesthesia participants
were given Pregabalin (75mg,
150mg, or 300mg) orally. In the
postanesthesia care unit
(PACU), fentanyl, 25-50ug
(micrograms) IV, boluses were
administered to control acute
postoperative pain when the
patient complained of
moderate-to-severe pain.
(n=81)

Population Outcomes

Patients ASA I-lll patients, .
aged 18-70 yr, scheduled for
elective ambulatory and
short-stay (<24 h) surgical
procedures e.g., ear—nNose—
throat, laparoscopic, urologic
and plastic surgery

Pain scores
Dose of additional opioid
e Adverse events

Age - Mean (SD):
Pregabalin: 45.67 + 14.53;
Placebo: 48 + 15

USA

Comments

Intervention groups with different
dosages (75mg, 150mg and
300mg) were combined as there
are no pre-defined dosages for
perioperative care
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Study

Yucel 2011256

Intervention and comparison

Placebo:

Oral placebo 60—90 min before
induction of general
anesthesia. In the
postanesthesia care unit
(PACU), fentanyl, 25-50pug
(micrograms) IV, boluses were
administered to control acute
postoperative pain when the
patient complained of
moderate-to-severe pain..
(n=27)

Pregabalin:

Receive pregabalin (150mg or
300mg) 4 hours before the
induction of anesthesia and at
12 hours postoperatively. All
the patients received PCA with
intravenous morphine and were
followed for 24 hours. After
administration of 5 mg
morphine over 30 minutes,
starting 15 minutes before the
estimated time of completion of
surgery, the PCA device was
set to deliver 2 mg of morphine
with a lockout of 15 minutes
and a 4 hour limit of 20 mg, and
no continuous infusion. If
analgesia was felt to be
inadequate at any time during
the study, the lockout time was
shortened to 5 minutes.

Population

Patients ASA | or II; 25 - 65
years of age scheduled for
elective total abdominal
hysterectomy under general
anesthesia.

Age - Mean (SD):
Pregabalin: 44.84 + 8.44;
Placebo: 42.47 + 9.31

Turkey

Outcomes

Pain scores
Dose of additional opioid
Adverse events

Comments

Intervention groups with different
dosages (150mg and 300mg)
were combined as there are no
pre-defined dosages for
perioperative care
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Study

Ziyaeifard 20152%°

Intervention and comparison
(n=60)

Placebo:

Receive Placebo 4 hours
before the induction of
anesthesia and at 12 hours
postoperatively. All the patients
received PCA with intravenous
morphine and were followed for
24 hours. After administration
of 5 mg morphine over 30
minutes, starting 15 minutes
before the estimated time of
completion of surgery, the PCA
device was set to deliver 2 mg
of morphine with a lockout of
15 minutes and a 4 hour limit of
20 mg, and no continuous
infusion. If analgesia was felt to
be inadequate at any time
during the study, the lockout
time was shortened to 5
minutes.

(n=30)

Pregabalin:

150mg Pregabalin given 2
hours before surgery. Patients
having VAS scores > 3
received 0.1 mg/kg of
intravenous morphine up to 8
mg.

(n=30)

Placebo:

Population

Patients scheduled for
coronary artery bypass graft
> 20 years of age and ASA |
-

Age - Mean (SD):
Pregabalin: 54.7 £+ 8.3;
Placebo: 57.9 + 8.6

Iran

Outcomes

Dose of additional opioid

Comments
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Placebo given 2 hours before
surgery. Patients having VAS
scores > 3 received 0.1 mg/kg
of intravenous morphine up to 8

mg.
(n=30)

See appendices for full evidence tables.

Table 58: Clinical evidence summary: Gabapentin compared to Placebo for managing acute post-operative pain

Pain score <6 hours 1706
Scale from: 0 to 10. (23 studies)
6 hours

Pain score 24 hours 1579

Scale from: 0 to 10. (21 studies)
24 hours

Dose of opioid 560

consumed <6h (9 studies)
6 hours

S SISIS)
VERY LOW1,2

due to
inconsistency,
imprecision
SIS SIS)
LOW1,2

due to
inconsistency

S ISPISIS)
LOW1,2

due to
inconsistency,
imprecision

5.3.4 Quality assessment of clinical studies included in the evidence review

The mean pain score <6 hours in
the control groups was
5.03

The mean pain score 24 hours in
the control groups was
3.212

The mean pain score <6 hours in the
intervention groups was

1.46 lower

(2.91 to 1.01 lower)

The mean pain score 24 hours in the
intervention groups was

0.87 lower

(1.29 to 0.46 lower)

The mean dose of opioid consumed
<6h in the intervention groups was
0.77 standard deviations lower
(1.12 to 0.42 lower)
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Dose of opioid 2439 OHOO The mean dose of opioid consumed
consumed 24h (30 studies) LOW1,2 24h in the intervention groups was
24 hours due to 1.80 standard deviations lower
inconsistency (2.2 to 1.4 lower)
Respiratory 220 OPOO RR 1.06  Moderate
Depression (2 studies) LOW2 (0.21to 33 per 1000 2 more per 1000
due to imprecision  5.27) (from 26 fewer to 141 more)
Nausea <6 hours 171 S1SISIS) RR 1.1 Moderate
2 Sl Lowz (0.7810 400 per 1000 40 more per 1000
6 hours due to imprecision 1.56) (from 88 fewer to 224 more)
Nausea 24 hours 1479 olelols) RR 0.77  Moderate
(20 studies) MODERATEZ2 (063 to 250 per 1000 58 fewer per 1000
24 hours due to imprecision 0.95) (from 13 fewer to 93 fewer)
Vomiting <6 hours 105 PPOO RR 0.97 Moderate
(2 studies) LOW2 » (06710 400 per 1000 12 fewer per 1000
6 hours due to imprecision 1.4) (from 132 fewer to 160 more)
Vomiting 24 hours 1579 PPPHO RR 0.66 Moderate
(21 studies) MODERATEZ2 (0.51 to 167 per 1000 57 fewer per 1000
24 hours due to imprecision 0.83) (from 28 fewer to 82 fewer)
Nausea & Vomiting<6 179 DODO RR 0.32 Moderate
hours (2 studies) MODERATE1 (0.13 to 228 per 1000 155 fewer per 1000
6 hours due to 0.76) (from 55 fewer to 198 fewer)
inconsistency
Nausea & Vomiting 756 DOPOO RR 0.67 Moderate
(7 studies) ~ LOWL,2 (04210 467 per 1000 154 fewer per 1000
Postoperative  due to 1.07) (from 271 fewer to 33 more)
inconsistency,
imprecision

Dizziness <6 hours

Moderate
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350 SleISIS) RR 1.04 235 per 1000 9 more per 1000

(5 studies) LOW2 (0.69 to (from 73 fewer to 132 more)

6 hours due to imprecision 1.56)
Dizziness 24 hours 1126 olelols) RR 1.29 Moderate

(15 studies) MODERATE2 (095 to 74 per 1000 21 more per 1000

24 hours due to imprecision 1.77) (from 4 fewer to 57 more)
Somnolance < 6 hours 65 PPOO RR 1 Moderate

(1 study) LOW2 » (0.7t0 47 per 1000 0 fewer per 1000

6 hours due to imprecision 1.43) (from 194 fewer to 278 more)
Somnolance 24 hours 1011 SlelolsS) RR 1.72  Moderate

(12 studies) MODERATEZ2 (093 to 40 per 1000 29 more per 1000

24 hours due to imprecision 3.18) (from 3 fewer to 87 more)
Sedation <6 hours 179 PPOOS RR 1.48 Moderate

(2 studies) LOW2 » (06t g7 per 1000 42 more per 1000

6 hours due to imprecision 3.63) (from 35 fewer to 229 more)
Sedation 419 PPPO RR 1.16  Moderate

(5 StUdiES) MODERATE?2 (092 to 133 per 1000 21 more per 1000

Postoperative  due to imprecision 1.47) (from 11 fewer to 63 more)
Urinary Retention 434 D®POO RR 0.78 Moderate

(7 studies) LOW2 » (04210 28 per 1000 6 fewer per 1000

Postoperative  due to imprecision 1.47) (from 16 fewer to 13 more)
Dry Mouth 132 D®POO Peto OR  Moderate

(2 studies) LOW2 » 7.39 500 per 1000 381 more per 1000

Postoperative  due to imprecision (0.15to (from 370 fewer to 497 more)

372.38)

Pruritus 828 SlelelS) Peto OR Moderate

Postoperative  due to imprecision (0.35to (from 50 fewer to 7 more)

1.09)
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Headache < 6 hours 110 OHOO RR 0.91 Moderate
(2 studies) LOWZ. . (03410 148 per 1000 13 fewer per 1000
6 hours due to imprecision 2.45) (from 98 fewer to 215 more)
Headache 552 OHOO Peto OR Moderate
(6 studies) Lowz o 0.67 70 per 1000 22 fewer per 1000
Postoperative  due to imprecision (0.29 to (from 49 fewer to 35 more)
1.56)
Light headed 353 OPOO RR 1.04 Moderate
(S studies) LOW2 » (0.7710 100 per 1000 4 more per 1000
Postoperative  due to imprecision 1.39) (from 23 fewer to 39 more)
Length of stay 38 SIS The mean length of stay in the The mean length of stay in the
(1 study) MODERATE2 control groups was intervention groups was
due to imprecision 7.6 days 0.80 lower

(2.32 lower to 0.72 higher)

(a) Downgraded by 1 or 2 increments because: The point estimate varies widely across studies, unexplained by subgroup analysis. The confidence intervals across studies
show minimal or no overlap, unexplained by subgroup analysis Heterogeneity, 12=50%, p=0.04, unexplained by subgroup analysis.
(b) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs.

Table 59: Clinical evidence summary: Pregabalin compared to Placebo for managing acute post-operative pain

Pain score <6 hours 435 SISISIS) The mean pain score <6 hours The mean pain score <6 hours in the
Scale from: 0 to 10. (6 studies) VERY LOW1,2 in the control groups was intervention groups was
6 Hours due to inconsistency, 3.81 0.89 lower

imprecision (1.55 to 0.24 lower)
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Pain score 24 hours 435 OHOO The mean pain score 24 hours The mean pain score 24 hours in the
Scale from: 0 to 10. (6 studies) LOW1 in the control groups was intervention groups was

24 hours due to inconsistency 2.039 0.18 lower

(0.61 lower to 0.25 higher)

Dose of opioid 520 PPOO The mean dose of opioid consumed
consumed <6h (7 studies) LOW1,2 <6h in the intervention groups was

6 hours due to inconsistency, 0.91 standard deviations lower

imprecision (2.75 to 0.07 lower)

Dose of opioid 419 OPOO The mean dose of opioid consumed
consumed 24h (7 studies) LOW1,2 24h in the intervention groups was

24 hours due to inconsistency 1.47 standard deviations lower

(2.26 to 0.69 lower)

Nausea < 6 hours 60 OPHOO RR 1 Moderate

(1 study) LOW2. . (0410 233 per 1000 0 fewer per 1000

due to imprecision 2.5) (from 140 fewer to 350 more)

Nausea 24 hours 425 ODHDHO RR 0.62 Moderate

(7 studies) MODERATE2 (04310 200 per 1000 76 fewer per 1000

24 hours due to imprecision 0.88) (from 24 fewer to 114 fewer)
Vomiting 24 hours 425 ODHDHD RR 0.52 Moderate

(7 studies) HIGH2 (03410 g3 per 1000 40 fewer per 1000

24 hours 0.78) (from 18 fewer to 55 fewer)
Nausea & Vomiting 176 OHOO RR 1 Moderate

(2 studies) LOW1 . (06310 317 per 1000 0 fewer per 1000

Postoperatively  due to imprecision 1.6) (from 117 fewer to 190 more)
Sedation < 6 hours 60 OHOO Peto Odds Moderate

(1 study) Lowz o 7.39 0 per 1000 Not estimable

6 hours due to imprecision (0.15to

372.38)

Sedation 24 hours Moderate
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106 OHOO Peto Odds 42 per 1000 30 more per 1000

(2 studies) LOW?2 1.71 (from 31 fewer to 409 more)

24 hours due to imprecision (0.27 to

10.74)
Ramsay Sedation 180 SIS The mean ramsay sedation The mean ramsay sedation score < 6
Score <6 hours (2 studies) MODERATE2 score < 6 hours in the control hours in the intervention groups was
Scale from: 0 to 6. 6 hours due to imprecision groups was 0.32 higher
1.64 (0.1 to 0.54 higher)
Ramsay Sedation 90 bPPO The mean ramsay sedation The mean ramsay sedation score
Score 24hours (1 study) MODERATE2 score 24hours in the control 24hours in the intervention groups
Scale from: 0 to 6. 24 hours due to imprecision groups was was
1.1 0.07 higher
(0.08 lower to 0.22 higher)

Dizziness < 6 hours 168 ODHDHO RR 3 Moderate

(2 studies) MODERATEZ2 (0.8 to 52 per 1000 104 more per 1000

6 hours due to imprecision 11.2) (from 10 fewer to 530 more)
Dizziness 24 hours 293 HHOO RR 1.15 Moderate

(5 studies) Lowz2 - (0.66102) 154 per 1000 23 more per 1000

24 hours due to imprecision (from 52 fewer to 154 more)
Pruritus 266 ODHDHO RR 0.51 Moderate

(4 studies) MODERATE2 (0-26 10 150 per 1000 74 fewer per 1000

Postoperatively  due to imprecision 1.04) (from 111 fewer to 6 more)
Urinary Retention 136 OHOO RR 0.82 Moderate

(2 s Lowz (03110 121 per 1000 22 fewer per 1000

Postoperatively  due to imprecision 2.2) (from 83 fewer to 145 more)
Respiratory 102 HHOO RR 4.32 Moderate
Depression (2 studies) LOW2 (0.5t0 0 per 1000 _

Postoperatively  due to imprecision 37.31)

Headache < 6 hours Moderate
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SleISlS) RR 1.25 133 per 1000 33 more per 1000
(1 study) LOW?2 (0.37 to (from 84 fewer to 427 more)
6 hours due to imprecision 4.21)
Headache 24 hours 162 PO RR 1.14 Moderate
(& sieies) Loz (05610 133 per 1000 19 more per 1000
24 hours due to imprecision 2.32) (from 59 fewer to 176 more)
Somnolence 127 SlelelS) RR 2.0 Moderate
2 situzies) Lowz (04810 33 per 1000 33 more per 1000
Postoperatively  due to imprecision 8.35) (from 17 fewer to 243 more)
Length of stay 37 SISl The mean length of stay in the The mean length of stay in the
(1 study) LOW2 control groups was intervention groups was
due to imprecision 7.6 0.30 lower

(2.24 lower to 1.64 higher)

(a) Downgraded by 1 or 2 increments because: The point estimate varies widely across studies, unexplained by subgroup analysis. The confidence intervals across studies
show minimal or no overlap, unexplained by subgroup analysis Heterogeneity, 12=50%, p=0.04, unexplained by subgroup analysis.
(b) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs.

Table 60: Clinical evidence summary: Gabapentin compared to Pregabalin for managing acute post-operative pain

Pain score <6 hours 157 HOOO The mean pain score <6 hours The mean pain score <6 hours in the
Scale from: 0 to 10. (3 studies) VERY LOW1,2 in the control groups was intervention groups was
6 hours due to inconsistency, 2.862 0.47 lower
imprecision (1.55 lower to 0.62 higher)
Pain score 24 hours 178 DPDHD The mean pain score 24 hours The mean pain score 24 hours in the
Scale from: 0 to 10. (4 studies) HIGH in the control groups was intervention groups was

24 hours 1.983

Slasl|igels aAIsu O!LﬂEdOJnSN
AVNIL 8Jed GI\!IEJadO!Jad




0T€
"S1ybu Jo 82N0N 01 108[gNS "panIssal siybu |1y "020Z IDIN ©

0.05 higher
(0.09 lower to 0.18 higher)

Dose of Opioid <6 72 PPPHO The mean dose of opioid <6 hours in
hours (1 study) MODERATE3 the intervention groups was
due to risk of bias 2.80 lower
(3.99 to 1.61 lower)

Dose of opioid 372 SISISIS) The mean dose of opioid consumed
consumed 24h (7 studies) VERY LOW1,2 24h in the intervention groups was

24 hours due to inconsistency, 0.59 standard deviations higher

imprecision (2.08 lower to 2.25 higher)

Sedation 170 DOPHOO RR 0.95 Moderate

(3 studies) Lowz. o (0.58 10 200 per 1000 10 fewer per 1000

Postoepratively due to imprecision 1.56) (from 84 fewer to 112 more)
Respiratory 60 DOPHOO RR 0.67 Moderate
DepreSS|0n (1 StUdy) _ LOW2 ) o (012 to 100 per 1000 33 fewer per 1000

Postoperatively due to imprecision 3.71) (from 88 fewer to 271 more)
Nausea 279 [SlISIS) RR 1.03 Moderate

(S studies) Lowz o (0.63 10 133 per 1000 4 more per 1000

Postoperatively due to imprecision 1.68) (from 49 fewer to 90 more)
Vomiting 279 DHOO RR 1.22 Moderate

(5 studies) Lowz: o (0.76 to 100 per 1000 22 more per 1000

Postoperatively due to imprecision 1.95) (from 24 fewer to 95 more)
Nausea & Vomiting 60 DHOO RR 1.25 Moderate

(1 study) Lowz. o (0.37 10 133 per 1000 33 more per 1000

Postoperatively due to imprecision 4.21) (from 84 fewer to 427 more)
Dizziness 147 DHOO RR 1.19 Moderate

(3 studies) Lowz. o (0.651t0 213 per 1000 40 more per 1000

Postoperatively due to imprecision 2.16) (from 75 fewer to 247 more)

Somnolance

Moderate
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Urine Retention

Headache

Pruritus

Length of stay

(a) Downgraded by 1 or 2 increments because: The point estimate varies widely across studies, unexplained by subgroup analysis. The confidence intervals across studies

(2 studies)
Postoperatively
60

(1 study)
Postoperatively

60
(1 study)
Postoperatively

60
(1 study)
Postoperatively

37
(1 study)

S ISISIS)
LOW2
due to imprecision

SVISISIS)
LOW2
due to imprecision

SVISISIS)
LOW2
due to imprecision

SPISISIS)
LOW2
due to imprecision

SIS ISVIS)
MODERATE2
due to imprecision

RR 1.07
(0.52 to
2.19)

RR 0.8
(0.24 to
2.69)

RR 2.5
(0.53 to
11.89)

RR 1.25
(0.37 to
4.21)

233 per 1000

Moderate
167 per 1000

Moderate
67 per 1000

Moderate
133 per 1000

The mean length of stay in the
control groups was
7.3 days

16 more per 1000
(from 112 fewer to 277 more)

33 fewer per 1000
(from 127 fewer to 282 more)

101 more per 1000
(from 31 fewer to 730 more)

33 more per 1000
(from 84 fewer to 427 more)

The mean length of stay in the
intervention groups was

0.50 lower

(2.21 lower to 1.21 higher)

show minimal or no overlap, unexplained by subgroup analysis Heterogeneity, 12=50%, p=0.04, unexplained by subgroup analysis.
(b) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs.

(c) Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if the majority of the evidence was at very high risk of

bias.
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Pain score <6 hours 306 CleICIS) The mean pain score <6 hours in the The mean pain score <6 hours in the
Scale from: 0 to 10. (1 study) LOW1,2 control groups was intervention groups was
6 hours due to 2.97 0.32 lower
indirectness, (0.92 lower to 0.28 higher)
imprecision
Pain score 24 hours 306 DPHOO The mean pain score 24 hours in the  The mean pain score 24 hours in the
Scale from: 0 to 10. (1 study) LOW1,2 control groups was intervention groups was
24 hours due to 0.87 0.22 lower
indirectness, (0.71 lower to 0.27 higher)
imprecision
Dose of opioid 306 PPHPHO The mean dose of opioid consumed The mean dose of opioid consumed 24h
consumed 24h (1 study) MODERATE1 24h in the control groups was in the intervention groups was
24 hours due to 269.6 48.44 lower
indirectness (59.3 to 37.58 lower)
Sedation 306 PPHOO RR 1.18 Moderate
(Istuay) — LOWL2 (0.85t0 588 per 1000 52 more per 1000
Postoperative  due to 1.65) (from 43 fewer to 187 more)
indirectness,
imprecision
Nausea & Vomiting 306 DPOO RR 1.46 Moderate
(1study) ~ LOWL2 (0.9410 170 per 1000 78 more per 1000
Postoperative  due to 2.28) (from 10 fewer to 218 more)
indirectness,
imprecision
Respiratory 306 CISICIS) RR 0.08 Moderate
Depression (1 study) _ VERY LOW1,2 (Oto 39 per 1000 36 fewer per 1000
Postoperative  due to 1.35) (from 39 fewer to 14 more)
indirectness,
imprecision

(a) Downgraded by 1 or 2 increments because the majority of the evidence included an indirect or very indirect population respectively.
(b) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs.
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Table 62: Clinical evidence summary: Amitriptyline compared to Placebo for managing acute post-operative pain

Length of hospital 24 SleISIS) The mean length of hospital stay The mean length of hospital stay in the
stay (1 study) LOW1 in the control groups was intervention groups was
Postoperative due to 7.9 days 1.5 days higher
imprecision (1.03 lower to 4.03 higher)

(a) Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs.

Table 63: Evidence not suitable for GRADE analysis: Gabapentin compared to Placebo for managing acute post-operative pain

Pain score < 6 Clarke 2013 4 High Median (Interquartile range) Median (Interquartile range)
hours (n=50)
Scale from: 0 to 10. 0(0-2) 0(0-1)
Dirks 2002%7 High Median (Interquartile range) Median (Interquartile range) n/a
(n=70)
12 (9-30) 7 (1-18)
Mohammadi 2008 High Median (Interquartile range) Median (Interquartile range) n/a
148
(n=70) 3(3-5) 3(2-3)
Radhakrishnan Low Median (range) Median (range) n/a
2005 18

(n=60) 2 (0-7) 2 (0-6)
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Pain score >6 - 24
hours
Scale from: 0 to 10.

McGill Pain score
Scale from: 0 — 220
(SF-MPQ-2)

Dose of Opioid
Consumption < 6
hours

Dose of Opioid
Consumption >6 -
24 hours

Sedation score

Turan 2004233
(n=50)

Waikakul 2011 241
(n=99)

Radhakrishnan
2005 189
(n=60)

Turan 2004233
(n=50)

Waikakul 2011 241
(n=99)

Clarke 2013 4
(n=50)
Dirks 2002°7

(n=70)

Waikakul 2011 241
(n=99)

Waikakul 2011 241
(n=99)

Clarke 2013 4

Scale from: -5 to +4 (n=50)

(Richmond

High

Low

Low

High

High

High

High

High

High

Median (Interquartile range)

2 (0-4)
Median (Interquartile range)

6.0 (0-10)
Median (range)

1 (0-5)
Median (Interquartile range)

0 (0-3)
Median (Interquartile range)

3.5 (0-7)
Median (Interquartile range)

0.5 (0.1-1.2)
Median (Interquartile range)

29 (21-23) Milligrams
Median (Interquartile range)

5.0 (0-14) Milligrams
Median (Interquartile range)

18 (1-63) Milligrams
Median (Interquartile range)

5(2-8)

Median (Interquartile range)

0(0-2)
Median (Interquartile range)

5.0 (0-10)
Median (range)

1 (0-4)
Median (Interquartile range)

0 (0-2)
Median (Interquartile range)

3.0 (0-8)
Median (Interquartile range)

0.6 (0.1-1.2)
Median (Interquartile range)

15 (10-19) Milligrams
Median (Interquartile range)

4.5 (0-11) Milligrams
Median (Interquartile range)

15.5 (0-37) Milligrams
Median (Interquartile range)

7(5-8)

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a
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Agitation Sedation
Scale)

Anxiety Score
(NRS)

Scale from: 0 to
10".
Somnolence < 6
hours

Somnolence 24
hours

Somnolence

Table 64: Evidence not suitable for GRADE analysis: Pregabalin compared to Placebo for managing acute post-operative pain

Pain score < 6
hours

Scale from: 0 to 10.

Clarke 2013 4t
(n=50)

Dierking 2004 55
(n=80)

Dierking 2004 %°
(n=80)

Siddiqui 2014
206

(n=82)

Agarwal 2008 4
(n=60)

Hetta 2016 1
(n=120)

High

High

High

Low

High

Low

Median (Interquartile range)
4.0 (2.0-5.0)
Median (Interquartile range)

0.5 (0-1)
Median (Interquartile range)

0 (0-0)
Number of events:

38/36

Median (Range)

4.0 (3.8)
Median (Interquartile range)

2 (1-2)

Median (Interquartile range) n/a
2.5(1.0-4.0)

Median (Interquartile range) n/a
1 (0-1.5)

Median (Interquartile range) n/a
0 (0-0)

Number of events: 0.22
28/36

Median (Range)

3.0 (2.0)
Median (Interquartile range) n/a

(75mg) 2 (1-2);
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Pain at rest
(VAS 0-10)
30-240 minutes

Pain score >6 - 24

hours

Scale from: 0 to 10.

Dose of Opioid

Consumption >6 -

24 hours

Sedation Score

Scale from: 1to 6
(Ramsay Sedation

Scale)

Paulus 2014 121
(n=52)

Spreng 2011
213

(n=50)

Agarwal 2008 4
(n=60)

Hetta 2016 1
(n=120)

Paulus 2014 121
(n=52)

Agarwal 2008 4
(n=60)

Paulus 2014 121
(n=52)

Agarwal 2008 4
(n=60)

High

High

High

Low

High

High

High

High

Median (Range)

55 (40-75)
Area Under Curve

4930 + 2279
Median (Range)

3.5 (4.0)
Median (Interquartile range)

2 (1-2)

Median (Range)

30 (20-40)
Median (Interquartile Range)

757.5 (99.3) Micrograms
Median (Range)

10 (6-15) Milligrams
Median (Range)

2 (1)

(150mg) 1 (1-2);
(300mg) 1 (0-2)

Median (Range)

40 (30-50)
Area Under Curve

3227 + 2037
Median (Range)

2.0 (2.0)
Median (Interquartile range)

(75mg) 1.5 (1-2);
(150mg) 1 (1-2);
(300mg) 1 (0-2)

Median (Range)

20 (20-40)
Median (Interquartile Range)

555.2 (124.8) Micrograms
Median (Range)

7 (5-10) Milligrams
Median (Range)

3 (1)

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a
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Table 65: Evidence not suitable for GRADE analysis: Gabapentin compared to Pregabalin for managing acute post-operative pain

Pain score < 6 Pandey 2014 77 High Mean: Mean:

hours (n=115) Pregabalin: 45.24 Gabapentin: 56.15

Scale from: 0 to

100.

Pain score 6 - 24 Pandey 2014 77 High Mean: Mean: n/a
hours (n=115) Pregabalin: 56.37 Gabapentin: 60.44

Scale from: 0 to

100.

See appendices for full GRADE tables.
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5.4

54.1

54.2

5.4.3

Perioperative care: FINAL
Neuropathic nerve stabilisers

Economic evidence

Included studies

No health economic studies were included.

Excluded studies

No relevant health economic studies were excluded due to assessment of limited
applicability or methodological limitations.

See also the health economic study selection flow chart in appendices.

Unit costs

The average daily costs of neuropathic nerve stabilisers are provided in Table 66 to help aid
consideration of cost effectiveness. A breakdown of these costs is provided in the
appendices for the pain evidence review.

Table 66: Average daily costs of neuropathic nerve stabilisers

Analgesic Average daily cost per person
Amitriptylin £0.03
Gabapentin £0.05
Nortriptylline £0.17
Pregabalin £0.12

Sources: British National Formulary, Accessed September 20190%; Electronic market information tool (eMIT),
Accessed September 201943
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5.5

5.5.1

Perioperative care: FINAL
Neuropathic nerve stabilisers

Evidence statements

Clinical evidence statements

No outcomes were reported for health related quality of life or the following important
outcomes; psychological distress and mental well-being, symptom scores, functional
measures and hospital readmission.

Gabapentin vs Placebo

Pain

Twenty three studies found a clinically important benefit with Gabapentin when assessing
pain score up to six hours postoperatively compared to placebo (23 studies, n=1706, very
low quality evidence)

Twenty one studies found no clinically important difference in pain scores between
Gabapentin and placebo from six hours to twenty four hours postoperatively (21 studies,
n=1579, very low quality evidence)

Rescue medication

Nine studies showed a clinically important benefit with Gabapentin for the dose of opioid
used within 6 hours postoperatively compared to placebo (9 studies, n=560, low quality
evidence)

Thirty studies found a clinically important benefit with Gabapentin in the dose of opioid
consumed up to twenty four hours postoperatively compared to placebo (30 studies, n=2439,
low quality evidence)

Adverse events

Two studies found no clinically important difference between Gabapentin and placebo in
rates of respiratory depression (2 studies, n=220, low quality evidence)

Three studies found no clinically important difference between Gabapentin and placebo in
rates of nausea under six hours postoperatively (3 studies, n=171, low quality evidence)

Twenty studies found no clinically importance difference between Gabapentin and placebo in
rates of nausea up to twenty four hours postoperatively (20 studies, n=1479, moderate
quality evidence)

Two studies found no clinically important difference in vomiting under six hours
postoperatively between Gabapentin and placebo (2 studies, n=105, low quality evidence)

Twenty one studies found no clinically important difference between Gabapentin and placebo
in vomiting rates twenty four hours postoperatively (21 studies, n=1579, moderate quality
evidence)
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Two studies showed a clinically important benefit with Gabapentin for rates of nausea and
vomiting six hours postoperatively compared to placebo (2 studies, n=179, moderate quality
evidence)

Seven studies found a clinically important benefit with Gabapentin in overall rates of nausea
and vomiting compared to placebo (7 studies, n=756, low quality evidence)

Five studies showed no clinically important difference between Gabapentin and placebo for
dizziness under six hours postoperatively (5 studies, n=350, low quality evidence)

Fifteen studies showed no clinically important difference between Gabapentin and placebo in
rates of dizziness from six to twenty four hours postoperatively (15 studies, n=1126,
moderate quality evidence)

One study found no clinically important difference between Gabapentin and placebo in the
rates of somnolence under six hours postoperatively (1 study, n=65, low quality evidence)

Twelve studies showed no clinically important difference between Gabapentin and placebo
for in the rates of somnolence at 24 hours postoperatively (12 studies, n=1011, low quality
evidence)

Two studies found no difference between Gabapentin and placebo in sedation rates under
six hours postoperatively (2 studies, n=179, moderate quality evidence)

Five studies showed no clinically important difference between Gabapentin and placebo in
rates of sedation overall (5 studies, n=419, moderate quality evidence)

Seven studies showed no clinically important difference between Gabapentin and placebo for
postoperative urinary retention (7 studies, n=434, low quality evidence)

Two studies found a clinically important harm with Gabapentin for postoperative dry mouth
compared to placebo (2 studies, n=132, low quality evidence)

Ten studies found no clinically important difference between Gabapentin and placebo in
postoperative pruritus (10 studies, n=828, moderate quality evidence)

Two studies showed no clinically important difference between Gabapentin and placebo in
rates of headache under six hours (2 studies, n=110, low quality evidence)

Six studies found no clinically important difference between Gabapentin and placebo in
postoperative headache (6 studies, n=552, low quality evidence)

Five studies showed no clinically important difference between Gabapentin and placebo in
postoperative light-headedness (5 studies, n=353, low quality evidence)

Length of stay

One study found a clinically important benefit for length of stay with gabapentin compared to
placebo (1 study, n=38, moderate quality evidence)
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Pregabalin vs Placebo

Pain
Six studies showed a clinically important benefit with Pregabalin when assessing pain score

up to six hours postoperatively compared to placebo (6 studies, n=435, very low quality
evidence)

Six studies found no clinically important difference in pain scores between Pregabalin and
palcebo twenty four hours postoperatively (6 studies, n=435, low quality evidence)

Rescue medication

Seven studies showed a clinically important benefit with pregabalin when assessing the dose
of opioid used within 6 hours postoperatively compared to placebo (7 studies, n=520, low
quality evidence)

Seven studies found a clinically important benefit with pregabalin in the dose of opioid
consumed up to twenty four hours postoperatively compared to placebo (7 studies, n=419,
low quality evidence)

Adverse events

One study found no clinically important difference between Pregabalin and placebo in rates
of nausea under six hours postoperatively (1 study, n=60, low quality evidence)

Six studies found no clinically importance difference between Pregabalin and placebo in
rates of nausea up to twenty four hours postoperatively (6 studies, n=353, moderate quality
evidence)

Seven studies found no clinically important difference between Pregabalin and placebo in
vomiting rates twenty four hours postoperatively (7 studies, n=425, high quality evidence)

Two studies showed no clinically important difference between Pregabalin and placebo for
rates of nausea and vomiting postoperatively (2 studies, n=176, low quality evidence)

One study which assessed sedation between Pregabalin and placebo under six hours
postoperatively which not estimable (1 study, n=60, low quality evidence)

Two studies found no clinically important difference between Pregabalin and placebo in
sedation twenty four hours postoperatively (2 studies, n=106, low quality evidence)

Two studies found no clinically important difference between Pregabalin and placebo in the
Ramsay Sedation score under six hours postoperatively (2 studies, n=180, moderate quality
evidence)

One study assessing the Ramsay Sedation score from six to twenty four hours found no
clinically important difference between Pregabalin and placebo (1 study, n=90, moderate
quality evidence)
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Two studies found a clinically important harm with Pregabalin for dizziness under six hours
postoperatively compared to placebo (2 studies, n=168, moderate quality evidence)

Five studies showed no clinically important difference between Pregabalin and placebo in
dizziness rates up to twenty four hours postoperatively (5 studies, n=293, low quality
evidence)

Four studies found no clinically important difference between Pregabalin and placebo in
postoperative pruritus (4 studies, n=266, moderate quality evidence)

Two studies assessing urinary retention postoperatively found no clinically important
difference between Pregabalin and placebo (2 studies, n=136, low quality evidence)

Two studies found no estimable difference when assessing respiratory depression
postoperatively between Pregabalin and placebo (2 studies, n=102, low quality evidence)

One study found no clinically important difference between Pregabalin and placebo in
headache under six hours postoperatively (1 study, n=60, low quality evidence)

Three studies found no clinically important difference between Pregabalin and placebo in
headache from six hours to twenty four hours postoperatively (3 studies, n=162, low quality
evidence)

Two studies showed no clinically important difference between Pregabalin and placebo in
postoperative somnolence 2 studies, n=127, low quality evidence)

Length of stay

One study showed no clinically important difference between Pregabalin and placebo for
length of stay (1 study, n=37, low quality evidence)

Gabapentin vs Pregabalin

Pain

Three studies showed no clinically important difference between Gabapentin and Pregabalin
for pain scores up to six hours postoperatively (3 studies, n=157, very low quality evidence)

Four studies found no clinically important difference between Gabapentin and Pregabalin for
pain scores up to twenty four hours postoperatively (4 studies, n=178, high quality evidence)

Rescue medication

One study found a clinically important benefit with Gabapentin for opioid consumption
compared to Pregabalin up to six hours postoperatively (1 study, n=72, moderate quality
evidence)

Seven studies showed no clinically important difference between Gabapentin and Pregabalib
for the dose of opioid consumed up to twenty four hours postoperatively (7 studies, n=372,
very low quality evidence)

Adverse events
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Three studies showed no clinically important difference between Gabapentin and Pregabalin
for postoperative sedation (3 studies, n=170, low quality evidence)

One study found no clinically important difference between Gabapentin and Pregabalin in
rates of respiratory depression, nausea & vomiting, urinary retention, headache and pruritus
(1 study, n=60, low quality evidence)

Five studies showed no clinically important difference between Gabapentin and pregabalin
for postoperative nausea rates (5 studies, n=279, low quality evidence)

Three studies found no clinically important difference between Gabapentin and pregabalin in
postoperative dizziness rates (3 studies, n=147, low quality evidence)

Two studies found no clinically important difference between Gabapentin and Pregabalin for
rates of postoperative somnolence (2 studies, n=97, low quality evidence)

Length of stay

One study found no clinically important difference in length of stay between Gabapentin and
Pregabalin (1 study, n=37, moderate quality evidence)

Gabapentin vs Opioid

One study found no clinically important difference between Gabapentin and an opioid for
pain score up to six hours, pains score up to twenty four hours, dose of opioid consumed at
twenty four hours, sedation, nausea and vomiting and respiratory depression (1 study,
n=306, moderate to very low quality evidence)

Amitriptyline vs placebo

One study assessing length of hospital stay found a clinically important harm with
amitriptyline compared to placebo (1 study, n=24, low quality evidence)

Evidence not suitable for GRADE

Gabapentin vs Placebo
Pain

Six studies showed a trend towards benefit with Gabapentin for median pain score under six
hours compared to placebo (6 studies, n=399, high risk of bias)

Three studies showed no notable difference between Gabapentin and placebo when
assessing pain score from six to twenty four hours postoperatively (3 studies, n=209, low risk
of bias)

One study showed no notable difference between Gabapentin and placebo when assessing
the pain score using the McGill pain score (SF-MPQ-2) (1 study, n=50, high risk of bias)
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Rescue medication

Two studies showed a trend to benefit for Gabapentin in the median dose of opioid
consumed under six hours postoperatively compared to placebo (2 studies, n=169, high risk
of bias)

One study showed a trend to benefit for Gabapentin for the median dose of opioid
consumption from six to twenty four hours (1 study, n=99, high risk of bias)

Adverse events

One study showed a trend to harm with Gabapentin using the Richmond sedation score
compared to placebo (1 study. n=50, high risk of bias)

One study showed a trend to benefit with Gabapentin in anxiety scores compared to placebo
(1 study, n=50, high risk of bias)

One study showed no notable difference between Gabapentin and placebo in measuring
somnolence under six hours postoperatively and from six to twenty four hours
postoperatively (1 study, n=80, high risk of bias)

One study showed a trend to benefit with Gabapentin when measuring somnolence overall,
compared to placebo (1 study, n=82, low risk of bias)

Pregabalin vs Placebo
Pain

Three studies showed a trend to benefit with Pregabalin in pain scores under six hours
postoperatively compared to placebo (3 studies, n=232, high risk of bias)

One study showed a trend to benefit with Pregabalin from the area under the curve when
assessing pain at rest up to four hours postoperatively compared to placebo (1 study, n=52,
high risk of bias)

Three studies showed a trend to benefit with Pregabalin for median postoperative pain from
six hours to twenty four hours compared to placebo (3 studies, n=232, high risk of bias)

Rescue medication

Two studies showed a trend to benefit with Pregabalin when measuring the median dose of
opioid used from six to twenty four hours postoperatively compared to placebo (2 studies,
n=112, high risk of bias)

One study showed no notable difference between Pregabalin and placebo when using the
Ramsay Sedation score (1 study, n=60, high risk of bias)

Gabapentin vs Pregabalin

One study showed a trend to benefit with Pregabalin for pain scores under six hours and
from six to twenty four hours compared to Gabapentin (1 study, n=115, high risk of bias)
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5.5.2 Health economic evidence statements
¢ No relevant economic evaluations were identified.
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The committee’s discussion of the evidene

Please see recommendations 1.6.1 — 1.6.13 in the guideline.

Interpreting the evidence

The outcomes that matter most

The committee agreed that the outcomes should be consistent across all the reviews and
considered critical outcomes for decision making to be health-related quality of life, pain
reduction, amount of additional medication use, and treatment related adverse events.
Length of hospital stay, length of stay in intensive care unit, hospital readmission, symptoms
scores and psychological distress and mental well-being were thought to be important
outcomes.

The studies rarely reported quality of life or the important outcomes. Pain relief was the most
frequently reported although this was measured differently across different reviews.

The quality of the evidence

The quality of evidence that was suitable for GRADE analysis ranged from very low to high.
The majority of the evidence was graded at low quality. This was mostly due to risk of bias
and imprecision.

Paracetamol

The evidence on the use of paracetamol alongside opioid analgesia ranged from very low to
moderate quality. Although low quality due to imprecision, the committee agreed that the
potential benefit of paracetamol in critical outcomes of pain relief and opioid use supported a
recommendation.

Evidence of low to very low quality demonstrated the effect of IV paracetamol in
perioperative pain management. The quality of the clinical evidence alone was insufficient to
support a recommendation. As such, the committee attributed more weight to the cost-
effectiveness data on IV paracetamol.

NSAIDs

The evidence available for the use of NSAIDs ranged from very low to high quality, with the
majority of the evidence being of low quality. The committee also noted that the evidence not
suitable for GRADE analysis was of high risk of bias. Despite the low quality evidence
presented, the committee agreed that the evidence for the outcomes of pain and additional
pain relief of NSAIDs over placebo supported a recommendation.

Opioids

The majority of the available evidence on IV versus oral opioid analgesia was of very low
quality. The committee also noted that the evidence not suitable for GRADE analysis was of
very high risk of bias. As such, the committee focused on select outcomes measures of pain,
medication use and adverse events from moderate and low quality evidence for decision-
making.

The quality of evidence on the route of opioid administration ranged from very low to high,
with the majority of evidence being low due to imprecision. Although very low quality, the
committee valued the critical outcome of pain relief highly for discussion around
recommendation due to the number of included studies in the meta-analysed results.

Ketamine
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Evidence of very low to high quality was included for the review on IV ketamine for post-
operative pain management. A significant proportion of the evidence was of moderate or high
quality, adding to the committee’s confidence in the data.

Neuropathic Nerve Stabilisers

The quality of evidence for neuropathic nerve stabilisers ranged from very low to high quality.
As such, the committee focused on select outcomes measures of pain and additional
medication use from moderate and low quality evidence to support a recommendation.

Benefits and harms

Pain management planning

The committee emphasised that a pain management plan should be bespoke to the patient,
considering personal preferences and made in the context of shared decision making. The
committee also agreed that the adverse effects of the recommended pharmacological
interventions should be discussed with the person and weighed for that particular person
against the benefit provided. The plan needs to incorporate a number of different patient
characteristics including comorbidities, renal and hepatic function, current medications and
cognitive function. A pain management plan is applicable to people undergoing dental
surgery. When selecting interventions the committee noted that is important to take into
account potential benefits and harms, including long term impact. Pre-optimisation clinics will
identify patients with difficult pain control and where psychological preparation may be
required. The pain management plan and pre-optimization clinic should also take into
consideration current or past pain relief usage, side effect history and personal preference
where possible. The urgency of surgery may dictate which interventions are appropriate and
their likely effectiveness. Strategies should also be tailored to the procedure and the
expected level of pain that may result. Pain relief should aim to restore function and
mobilisation. Patients who are not recovering as anticipated should be reviewed to prevent
the development of chronic post-surgical pain.

Analgesia selection and the multimodal approach

The committee agreed that to promote the restoration of function postoperatively (commonly
known as ‘DrEaMing’ Drinking, Eating and Mobilising) a multimodal approach to analgesia
selection should be adopted. This approach is achieved by combining different analgesics
that act by different mechanisms at different sites.

The committee noted that:

e All drugs have side effects. If you can minimise the amount of drug you give a person
you minimise these and therefore minimise harm or potential risk of harm.

e In addition, many medications have what is known as ‘synergy’ when they are used
with other medications. For a variety of pharmacological and chemical reactions and
reasons. Synergy quite simply explained is the concept that 1+1=3. That is, when two
medications are given together their overall net effect is compounded and
significantly greater when given in combination than if given individually.

e This has notable benefits. Firstly, it attacks pain at separate sites and (different drug
classes acting in different parts of the body) therefore gives greater overall net pain
relief when using more than one drug. Secondly, it allows smaller doses of each drug
to be given because the net overall effect combined is greater. Smaller doses of each
individual drug may lead to fewer side effects and less risk of harm. Lastly, using
multiple non-opioid drugs can allow for adequate pain relief without having to resort to
opioids or high doses of opioids, reducing the risk of harm with potential opioid-
related side effects, particularly opioid intolerance or opioid dependence.
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This is established clinical practice in the UK and would be considered widespread practice
internationally.

Paracetamol

The committee discussed the evidence on paracetamol administration for the management
of postoperative pain.

Oral versus IV

A body of evidence comparing the clinical and cost-effectiveness of IV versus oral
paracetamol administration was reviewed.

The evidence for early pain scores and pain scores at 24 hours showed no clinically
important difference between IV and oral paracetamol.

The committee took note of the clinically important benefit for the number of participants
requesting rescue medication and total opiate consumption at 24 hours with IV compared to
oral paracetamol. This trend was found when assessing the opiate consumption
(hydromorphine equivalents) from under 6 hours to 24 hours.

The evidence from one study showed a clinically increase in adverse events with IV
paracetamol compared to oral paracetamol, when given as an infusion or a bolus.

The committee considered that the observed difference between oral and IV paracemtamol
in rescue analgesia and totoal opioid consumption was too low to justify the vastly increased
cost of IV paracetamol, particularly given the increased risk of adverse events with IV
paracetamol.

IV Paracetamol + IV Opioid versus IV Opioid

The committee also reviewed the evidence on the administration of IV paracetamol alongside
opioid analgesia.

The committee noted the evidence from one study assessing the difference in pain at
conclusion of surgery, which showed a clinically important benefit in using paracetamol with
opioid analgesia. However, the evidence from one study that reviewed the pain score 6
hours postoperatively and two studies that reviewed the pain score at 24 hours showed no
clinically important difference when opioids with paracetamol were used compared to opioids
alone.

One study reported the consumption of additional opioids 24 hours postoperatively. The
evidence showed a clinically important benefit in the reduction of additional opioid
consumption when using paracetamol with opioids. The committee agreed that while this
was from a single study, the evidence was noteworthy.

The evidence from one study also showed a clinically important benefit in the reduction of
postoperative adverse events in favour of a combination of paracetamol and opioids for
postoperative pain relief.

Length of hospital stay and length of stay at the ICU were reported by studies and results
discussed by the committee, however, for each outcome there was no clinically important
difference between opioid and opioid and paracetamol treatment groups.

Overall, the evidence was limited and the committee were not confident they could make a
recommendation tadding IV paracetamol. Taking into account this review with the oral
paracetamol versus IV paracetamol review (which also included only a few studies and had
mixed overall conclusions), the committee decided to recommend oral paracetamol and only
IV paracetamol in specific situations.
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NSAIDs

The committee discussed the evidence for using NSAIDs and COX-2 inhibitors for the
management of postoperative pain.

The committee assessed the evidence from two overviews of Cochrane reviews and 11
Cochrane reviews, which showed a clinically important benefit in the short term use of
NSAIDs or COX-2 inhibitors compared to placebo for achieving 50% pain relief and a
reduction in the use of additional pain relief.

The committee noted that the overview of Cochrane reviews have been stabilised indicating

that no updates of the included reviews are expected in the next five years, and no new data
are likely to be available that change the conclusions for at least 10 years. The review will be
reassessed for updating in 2027.

The committee also noted that there was no significant difference in the number of people
experiencing one or more adverse events when using NSAIDs or COX-2 inhibitors compared
to placebo. The committee noted that this finding was not unexpected given that the majority
of the studies included in the reviews were assessing single dose interventions, and added
that this cannot be extrapolated for the safety of longer term use of NSAIDs. For this reasons
the committee recommended a single dose of NSAIDs.

Serious adverse events were noted to be rare. Across all of the reviews, serious adverse
events in studies involving NSAIDs were reported for 10 participants, three taking ibuprofen,
three taking placebo, two taking rofecoxib, one taking etodolac, and one taking naproxen.
The nature of these adverse events was not reported. No deaths reported.

The committee were aware of the NICE guideline on hip fractures and excluded this
population from the recommendation. The committee highlighted that NSAIDs should be
used as per guidance within the BNF; taking into consideration comorbidities, concurrent
medication, age and type of surgery.

The committee also noted that the short term duration and nature of the procedures from the
included studies meant that many of the outcomes relevant for this review could not be
measured in the studies and were subsequently not reported in the Cochrane reviews.

No evidence was available for health-related quality of life, psychological distress and mental
well-being, symptom scores, functional measures, length of stay in intensive care, length of
stay in hospital or hospital readmission.

The committee agreed that there was a substantial amount of evidence demonstrating a
clear benefit with NSAIDs or COX-2 inhibitors in improved management of pain, reduced
rescue medication and no significant difference in adverse events. The committee felt that
this also showed that NSAIDs and COX-2 inhibitors are safe for the short-term management
of post operative pain and were confident in making a recommendation for their use within
this setting.

Different NSAIDs

The evidence from a number of studies which compared NSAIDs to other NSAIDs (Naproxen
versus Ibuprofen, Ketorolac versus Diclofenac, Diclofenac versus Ibuprofen) and NSAIDs
compared to COX-2 inhibitors (Ketorolac versus Parecoxib, Diclofenac versus Celecoxib,
Ibuprofen versus Celecoxib, Ketorolac versus Celecoxib) showed no clinically important
difference for pain scores, additional opioid requirements, adverse events, length of stay or
functional measures.

Overall, the committee recommended NSAIDs, particularly ibuprofen because it is less costly
and there were no differences seen between NSAIDs and COX-2 inhibitors. NSAIDs are
opioid sparing and there was an absence of adverse effects. As the use of intravenous
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NSAIDs is more costly and did not show a clinically important difference for various
outcomes, the 1V route of administration should be used only if the oral route is not possible.

Opioids

The committee discussed the evidence on opioid administration for the management of
postoperative pain. A body of evidence comparing the clinical and cost-effectiveness of IV
versus oral opioid administration was reviewed.

Oral versus IV

The evidence generally suggested no significant difference in pain relief between IV and oral
opioid analgesia, although one study suggested poorer pain relief as measured by the global
assessment score at 6-24 hours post-operatively.

The evidence for adverse events was inconsistent in its direction of effect. One study
reported increased mean adverse events at 6 hours with IV opioid but no significant
difference at 24 hours, another study demonstrated a clinical benefit with fewer adverse
events with 1V opioid, while a third showed no difference between IV and oral opioid for
nausea and vomiting.

The committee also noted evidence suggesting a reduction in the amount of additional
medication required with 1V opioid, although a second study showed no significant difference
in the number of patients requiring additional analgesia.

The committee agreed that there was no strong evidence showing a clear benefit with IV
opioid over oral opioid. As such, the committee considered that the noted possible benefits in
a reduction of totoal opioid consumption could not justify a recommendation for the routine
use of IV opioid, particularly given the increased cost with 1V route.

Epidural/PCA/spinal:

The committee also assessed the evidence on opioids as compared to neuraxial analgesic
techniques. The majority of the evidence presented to the committee was comparing Patient
Controlled Analgesia (PCA) to continuous epidural.

This evidence demonstrated a clinically important difference for post-operative pain within
the first six post-operative hours in favour of continuous epidural. This trend favouring
continuous epidural for post-operative pain was consistent up to 48 hours post-operatively.
One study demonstrated a clinically important difference, again in favour of continuous
epidural for total pain relief at both 24 and 48 hours post-operatively.

The committee noted the evidence from one study reviewing the amount of opioid
consumption with continuous epidural and PCA, showing increased total dose with PCA. The
committee agreed that while this was a consequence of treatment allocation, it was still
noteworthy.

One study reported mental wellbeing six weeks post-operatively in patients allocated to one
of the two treatment strategies. No difference was found between treatment arms for the
number of people experiencing depression, however a clinically important difference was
noted in the number of people experiencing post-traumatic stress in favour of continuous
epidural.

A number of studies reported analgesia related adverse events following allocation to either
PCA or continuous epidural. No clinically important difference was found for the likelihood of
experiencing nausea or respiratory depression with either PCA or continuous epidural, but
vomiting was more common in those allocated to receive PCA. This was observed by the
committee to be a clinically important difference.
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Functional score as measured by distance walked in six minutes at three and six weeks post-
operatively was reported by one study. No clinical difference was found between people
receiving PCA or continuous epidural.

Length of hospital stay, length of stay at the ICU and risk of hospital readmission were all
reported by studies and results discussed by the committee, however, for each outcome
there was no clinically important difference between PCA and continuous epidural treatment
groups.

The committee also reviewed the evidence from one study comparing the use of spinal
anaesthesia and PCA. The study reported the risk of hospital readmission following
discharge and complications including nausea, vomiting, and respiratory depression. For all
outcomes there was no clinically important difference between the two treatment groups.

The committee agreed that there was some evidence of benefit with continuous epidural with
improved pain management, on the whole across all of the outcomes, the net benefit was not
significant with any one route of administration. As such, the committee considered that a
choice of PCA or epidural should be given and that people having major, complex open-torso
surgery may benefit from the additional early pain relief provided by a continuous epidural.

Ketamine

The committee discussed the evidence for adding IV ketamine to IV opioid for the
management postoperative pain.

The evidence demonstrated clinically important benefit of ketamine for pain management. A
clinically important benefit was noted for the occurrence of moderate pain at four hours,
severe pain at four hours, ‘no pain’ at 24 hours, and moderate pain at 24 hours. Pain
described as very severe at 24 hours and number of occasions experiencing pain being =2
showed no clinically important difference.

A number of studies reported adverse events including mean nausea score at 24 hours,
mean nausea score at 48 hours, nausea, vomiting, nausea and vomiting, and respiratory
depression. All of these outcomes showed no clinically important difference

Administration of ketamine resulted in a clinically important benefit for the outcomes of
additional opioid consumption at <6 hours and 24 hours, the number of people requiring
additional opioids, morphine injections taken per person, number of rescue analgesic
interventions, rescue meperidine consumption and rescue propofol. However, other
additional opioid outcomes such as PCA fentanyl infusion rate at <6 hours, PCA fentanyl
infusion rate at 24 hours, PCA use, requiring rescue NSAIDs, rescue paracetamol needed,
rescue tramadol consumption, additional metamizole, and mean remifentail dose showed no
difference between groups.

Psychological distress outcomes including global assessment score at three days and global
assessment score at seven days showed clinically important benefit with ketamine. Although,
delirium rating scale with moderate quality evidence showed clinically important harm. Mini
mental state examination and dysphoria showed no clinically important difference.

Functional mobility outcomes including time to mobilisation, postoperative time to walk,
physical performance and time to 90 degree knee flexion showed clinically important benefit
with ketamine. Other functional measures such as time to maximal knee flexion, first steps
and first transfer showed no clinically important difference, while one outcome of number of
patients mobilised within 48 hours showed a harm with ketamine.

Length of hospital stay and length of stay in PACU showed no clinically important difference
between intervention groups.
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The committee noted the increased levels of delirium with ketamine, but agreed that overall
ketamine provided a benefit, particularly with improved pain management and reduced opioid
consumption. The committee agreed that these benefits will be particularly important in
people with difficult to manage pain or those who have opioid sensitivity.

The studies included generally followed one of three dosing regimens; single bolus, PCA (but
with a lockout period), or a bolus followed by a continuous low dose infusion. The committee
recommended a dose consistent with the evidence, including the Cochrane review, and with
their knowledge and experience.

Neuropathic Nerve Stabilisers

The committee discussed a body of evidence comparing the clinical and cost effectiveness of
neuropathic nerve stabilisers for the management of postoperative pain.

Gabapentin compared to placebo

The committee agreed that the evidence demonstrated a clinically important benefit for post-
operative pain within the first six post-operative hours in with Gabapentin compared to
placebo. This trend to benefit with Gabapentin was consistent at 24 hours although the
difference was not seen to be clinically important.

Opioid consumption at 6 hours and 24 hours postoperatively also showed a clinically
important benefit with Gabapentin.

A number of studies reported the occurrence of adverse events with Gabapentin or placebo.
The committee noted evidence showing a clinically important benefit with Gabapentin for
patients experiencing nausea and vomiting (combined outcome). A clinically important harm
was also seen for post-operative dry mouth in those receiving Gabapentin. The committee
agreed that there was no significant difference between the two groups for the remaining
outcomes of respiratory depression, nausea (<6 hours — 24 hours), vomiting (€6 hours — 24
hours), somnolence (<6 hours — 24 hours), sedation (<6 hours), urinary retention, dry mouth,
pruritus, headache (<6 hours) and length of stay .

The committee highlighted the significance of there being no clinically important difference
between Gabapentin and placebo for the outcomes of dizziness and light headedness. The
committee discussed that there is a concern in practice that neuropathic nerve stabilisers
may cause dizziness and in turn reduce the person’s capacity for mobilisation and
subsequent speed of recovery. The committee suggested that these side effects may be
caused by longer-term administration and noted that the evidence reviewed was from cases
of single dose administration.

However, the committee noted that a wide range of doses were used in the studies. As this
use of Gabapentin was off-label the committee recognised the need to recommend a dose.
Due to limited experience of using Gabapentin as a single dose the committee were unable
to recommend a dose and instead make a research recommendation.

Pregabalin compared to placebo

A number of studies showed no clinically important difference in postoperative pain at six
hours and 24 hours postoperatively between Pregabalin and placebo.

The committee assessed the evidence for the dose of opioid consumed postoperatively at 6
and 24 hours. This evidence demonstrated a clinically important benefit of Pregabalin over
placebo at both time points.

The evidence for adverse events showed a clinically important benefit in the reduction of
nausea at 24 hours, but also showed a clinically important harm with increased episodes of
dizziness at 6 hours for Pregabalin, although there was no significant difference between
groups at 24 hours postoperatively. There was also no clinically important difference for the
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adverse events of nausea at 6 hours, vomiting sedation, pruritus, urinary retention,
respiratory depression, headache and somnolence.

Gabapentin compared to Pregabalin

The committee agreed that there was a suggestion of improved pain management with
Gabapentin compared to Pregabalin within the first 6 hours post-operatively, although this
difference was not considered to be clinically important.

The committee also noted an apparent reduction in post-operative opioid consumption with
Pregabalin compared to Gabapentin. The committee did note that this finding was
inconsistent with the comparison of Pregabalin or Gabapentin to placebo, which suggested a
greater benefit over placebo with Gabapentin than with Pregabalin. The committee agreed
that in their experience, the opioid sparing effect of neuropathic nerve stabilisers may be
similar and did not have enough evidence to recommend one over the other.

There was no clinically important difference between Gabapentin and Pregabalin for the
adverse events of sedation, respiratory depression, nausea and vomiting, dizziness,
somnolence, urine retention, headache and pruritus.

Gabapentin compared to Opioid

The committee noted a clinically important reduction in the dose of opioid consumed with
Gabapentin compared to opioids.

For the outcomes of pain scores at 6 or 24 hours, adverse events of sedation, nausea and
vomiting and respiratory depression, there was no clinically importance difference between
Gabapentin and opioids.

Amitriptyline compared to Placebo

The committee assessed the evidence from a single study which showed that the length of
stay was longer with Amitriptyline over placebo.

Summary:
Paracetamol

There was limited evidence for the oral versus IV review and IV paracetamol with opioid
review. From the oral paracetamol versus IV paracetamol review as there was limited
evidence in support of iv paracetamol, the committee decided to recommend oral
paracetamol in the first instance. Therefore, the committee also made the recommendation
to not offer IV paracetamol unless the person cannot take oral medicine. The committee
were not able to make a recommendation towards IV paracetamol with the addition of an
opioid. Paracetamol would be given as part of a multimodal pain management plan pre, intra
and postoperatively, given in synergy with other forms of pain relief dependent on the
duration of surgery and pain relief requirements.

NSAIDS

The committee agreed that the evidence showed a benefit of giving NSAIDs over placebo.
The committee noted no significant benefit of any one NSAID over another. So, a
recommendation was made that in people who have no contraindications, oral ibuprofen
should be given. IV NSAIDs may be indicated when the oral route is not an option.
Traditional NSAIDs were less costly in comparison to COX-2 inhibitors, while IV interventions
were more costly than oral interventions. So a recommendation was made to offer a
traditional NSAID over a COX-2 inhibitor if the IV route is indicated.

The committee noted that the NICE guideline on hip fracture (CG124) has a do not use
recommendation for NSAIDs. The decision was based on committee consensus of the risk of
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side effects particularly in the elderly. The recommendation in this guideline is to use NSAIDs
in the perioperative period only thus limiting the potential for side effects to occur.

Opioids

The committee agreed that there was no significant evidence of difference in effect of opioid
between the oral and IV routes. The committee also noted the higher cost of 1V delivery and
the potential limitations around mobilisation associated with IV PCA. Therefore, the
committee made a recommendation that once the person is eating and drinking, an oral
opioid should be offered when the pain is expected to be moderate to severe. If the oral route
is not available and pain is moderate or severe, a choice should be considered between a
PCA or a continuous epidural to relieve pain postoperatively. There was insufficient evidence
to recommend one administration strategy over another.

Ketamine

The evidence showed a benefit of adding IV ketamine to an IV opioid for pain relief, therefore
the committee made the recommendation in favour of a single dose of IV ketamine
intraoperatively or postoperatively in addition to other types of pain relief.

Neuropathic nerve stabilisers

The committee made a research recommendation on the dose of Gabapentin. The evidence
showed there was a benefit of Gabapentin and Pregabalin over placebo. There was no
evidence to suggest that a single dose of Gabapentin caused significant side effects. A direct
comparison between Gabapentin and Pregabalin showed some superiority of Gabapentin for
pain relief with some benefit of Pregabalin for opioid consumption.

Cost effectiveness and resource use
Pain (overarching)

No economic evidence was identified for each of the questions. Therefore unit costs were
presented to help aid consideration of cost effectiveness.

Paracetamol

The committee indicated that the clinical data for oral and intravenous paracetamol showed
similar effectiveness. Costs vary depending on the dose required; however, for a maximum
daily dose of 4g IV paracetamol costs an average of £1.79. In some instances there may be
disposable costs associated with an IV administration; which would result in the total daily
cost being approximately £5, however it was noted that people may already have 1V fluids
attached and therefore this additional cost is not always applicable. In comparison, oral
paracetamol is very cheap with an average daily cost of £0.04 for 4g daily. The committee
agreed that the clinical evidence did not show a benefit of using IV paracetamol and
therefore it could not be considered cost effective. The only situation where IV paracetamol
should be used is when the oral route is not available.

The committee stated that this recommendation would lead to a change in current practice,
as |V paracetamol is used widely across the NHS for postoperative pain management. Due
to the large difference in cost per patient, the recommendation will lead to cost savings for
the NHS.

When the oral route is not available, IV paracetamol may have benefits and the committee
were presented with evidence for IV paracetamol and 1V opioids compared to IV opioids
alone. Unit costs vary based on the dose required however, an estimate was calculated
which showed that intravenous paracetamol and opioids was more expensive costing £5.81
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per day. Intravenous opioids alone can cost £4.92 per day. The committee noted that there
was some clinical benefit of administering IV paracetamol with opioids as one study
demonstrated the amount of additional medication administered was lower in the
paracetamol arm and reduced adverse events. Although paracetamol and opioids were more
expensive, the clinical evidence suggested that adverse events and additional medication
would be reduced which would at least partially offset these additional costs.

The committee highlighted that opioid sparing was an important issue for patients and that
current practice has been moving towards administering paracetamol with opioids as part of
a multimodal pain strategy. This evidence further supported the recommendation to offer
paracetamol to all adults and to offer opioids when pain is moderate or severe.

NSAIDs

The committee noted that NSAIDs were clinically effective when compared to placebo. There
is absence of evidence on some NSAIDs. However, there were no differences between the
different NSAIDs and COX-2 inhibitors when they were compared.

The average cost of oral NSAIDs varied from £0.04 for ibuprofen and £0.11 for diclofenac.
Intravenous NSAIDs result in an average daily cost of £4.19 including disposables. Celecoxib
costs on average £0.04 per day and parecoxib which is administered intravenously costs
approximately £14.57 per day including disposables. The committee noted that there was
variation in current practice with centres offering different NSAIDs and Cox-2 inhibitors for
postoperative pain management. It was also noted that there was variation across the NHS
regarding the administration of intravenous ketorolac and parecoxib.

As there was no clinical difference between the different NSAIDs, the committee agreed that
ibuprofen should be offered as it is the cheapest intervention and offers the same benefit.
Where the oral route is not available, the committee made a recommendation to use
traditional intravenous NSAIDs as Cox-2 inhibitors are more expensive but showed no
additional benefits. Due to the current variation in clinical practice, these recommendations
should lead to cost-savings for the NHS.

Opioids

Oral opioids and intravenous opioids were compared and the clinical evidence suggested
there was no significant benefit of one type of administration over the other. The cost of oral
opioids is very low with an average cost of six commonly used oral opioids costing £0.24 per
day. The cost of intravenous opioids can vary depending on whether they are administered
by a nurse or through PCA. The average cost of nurse administered IV opioids is £4.92 but
patient controlled analgesia can cost up to £21.10 per patient. The committee highlighted this
cost may be an overestimate as a straight average was calculated however, there was no
information to obtain a weighted average.

The clinical evidence did not show a difference in pain relief between the two types of
administration. The committee highlighted that adverse events could lead to downstream
costs however, the clinical evidence was inconsistent with studies showing different
directions of effect. The committee indicated that current practice is to administer IV opioids
and that patient controlled analgesia is commonly used even when the adult is able to eat
and drink. The committee recommended oral opioids to adults as soon as they are able to
eat and drink due to the clinical evidence showing no clear benefit of IV opioids and oral
opioids being cheaper.

The committee evaluated the evidence comparing PCA to continuous epidural. The daily
costs of PCA and continuous epidural vary depending on the dose required but estimates
showed that continuous epidural was more expensive with PCA costing £21.10 and
continuous epidural costing £27.97 per day. Also, the committee highlighted that there could
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be additional costs associated with epidurals as it can sometimes fail which can require staff
time to readjust the epidural or remove it and set up a different administration method.
Current practice has recently moved away from continuous epidurals however, there are
certain situations where they are commonly used, especially when a person is unable to use
PCA.

The committee highlighted that the evidence showed that continuous epidural was more
effective for pain initially after surgery. There was also evidence from one study showing that
people experienced less post-traumatic stress with continuous epidural. This could have a
positive impact on the patient’s quality of life shortly after surgery. One study showed that
PCA resulted in additional opioid medication use which could lead to additional
complications. Although continuous epidural showed some benefits, the committee agreed
that there were areas where there was no clinical difference such as complications and
readmissions. As a result, the committee recommended to consider both epidural or PCA for
people undergoing major complex surgery. There are situations where continuous epidural
may be more beneficial and these were considered such as major complex open-torso
surgery and for people without capacity to use PCA. It was agreed that these
recommendations would not lead to significant changes in practice.

Ketamine

The committee noted that administering IV ketamine in addition to opioids resulted in some
clinical benefits. There were improvements in pain relief and ketamine use resulted in less
people requiring additional opioids or rescue medication. The average cost of using
intravenous opioids is approximately £4.92 per day, but when using intravenous opioids
along with ketamine this cost increases to approximately £7.75. Current practice varies
across the NHS therefore, the committee noted that a recommendation could lead to a
substantial resource impact. Although ketamine is expensive it can lead to savings as it
reduces the need for additional opioids and rescue medication. It was discussed that
ketamine would only be appropriate for people having surgery who are expected to have
moderate to severe pain. The annual Perioperative Quality Improvement Programme Report
2018 showed that 31% of adults having major surgery experience moderate to severe pain in
recovery, showing that ketamine would only be suitable in a third of major surgical cases.

Although ketamine resulted in some clinical benefits, the committee agreed that the evidence
was not sufficient to support a strong recommendation for the use of ketamine, especially as
it is more expensive. Therefore a recommendation to consider a single dose of IV ketamine
to supplement other types of pain relief if the person’s pain is expected to be moderate to
severe was made.

Neuropathic nerve stabilisers

Unit costs of neuropathic nerve stabilisers are cheap with gabapentin costing £0.05 per day
and pregabalin costing £0.12 per day.

Gabapentin in addition to opioids was compared to opioids alone. This showed that
postoperative pain was reduced in the first six hours after surgery for those receiving
gabapentin. Evidence showed that gabapentin was clinically effective in reducing nausea
and vomiting and a reduction in additional opioid medication administered.

Pregabalin in addition to opioids was compared to opioids alone. Pregabalin reduced the
amount of opioids consumed postoperatively but it also increased episodes of dizziness. The
committee highlighted that the reduction in opioid consumption could offset the costs of
pregabalin. However, issues with experiencing dizziness post-surgery were highlighted as
this could potentially delay time to mobilisation which has an effect on recovery and can
potentially increase length of stay.

Gabapentin and pregabalin were also compared to each other. The clinical evidence showed
that gabapentin had some benefit of postoperative pain relief at six hours post-surgery but
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there was no difference in side effects. Gabapentin resulted in less opioid consumption post-
surgery which the committee highlighted can result in savings as well as being beneficial to
patients.

Other factors the committee took into account

The committee noted that solely relying on pain intensity scores to measure pain is not
recommended, for example, the impact of pain on functioning also needs to be considered.

The committee noted that although paracetamol and NSAIDs can be administered rectally
this was not considered to be appropriate for the majority of patients.

To prevent people experiencing pain when local anaesthesia wears off, the prescribing of
pre-emptive pain medications should be considered.

The committee noted significant variance within data on perioperative pain management with
regard to the surgical interventions and participant populations. The committee reiterated that
analgesic requirements will vary depending on the procedure and the individual, and this
should be considered with any pain management plan. The committee noted that a number
of studies in the Moore et al (2015) review were number people who had pain following
dental surgery. In the experience and opinion of the committee the findings of the studies can
be generalised to other procedure. The committee also highlighted that the efficacy of some
analgesic interventions such as epidural administration can be highly skill-dependant.

The guideline committee highlighted the findings that NSAIDs are opiate sparing and also
noted that they promote early mobilisation. Despite this they are not widely used. This is
probably due to the risk of acute kidney injury particular in the elderly. However, these risks
are highly unlikely with a single dose of NSAIDs.

The committee noted that physiological parameters are used to guide pain management
during surgery.

The committee noted that for some people, the pain clinic is involed in the care provided
throughout the perioperative pathway for example people with pre-existing pain. In
additional, they acknowledged that non-pharmacological interventions play a role in pain
management.

The committee noted the importance of obtaining informed consent for the pain management
plan and that this is particularly important when considering PCA if a person has cognitive
difficulties.

The committee noted the importance at discharge of ensuring people know how to take any
medication prescribed and who to contact if they have any questions.

The committee noted that alternative techniques to pain relief such as spinal analgesia,
peripheral nerve blocks or rectus sheath catheters are widely used in practice. They may be
used individually or in combination with a PCA device. These techniques may be appropriate
to use where gaining informed consent isn’t possible.

The committee highlighted the importance of ‘deprescribing’ so that patients do not end up
on unnecessary medications for pain in the long term. Furthermore, an opiod withdrawal plan
would need to be considered if opioids were used in the longer-term. The committee were
also aware of the NICE guideline in development on Safe prescribing and withdrawal
management of prescribed drugs associated with dependence and withdrawal. People
should be given information on wht to do if their pain persists.
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The committee highlighted that it was not possible to combine all of the interventions using a
network meta-analysis due to diversity of patient populations and procedures. For example,
some patients will never be able to take oral medications post-surgery and some people may
be suitable for nerve stabilisers and not ketamine. For this reason, the recommendations are
a ‘tool box’ approach to pain management rather than a stepped approach.

© NICE 2020. All rights reserved. Subject to Notice of rights.
338



Perioperative care: FINAL
References

References

1.

10.

11.

12.

13.

14.

Abdelmageed W, Abdelrazik S, Nassar A, Abdelkawi M. Analgesic effects of
gabapentine in tonsillectomy. The Egyptian Journal of Hospital Medicine. 2010;
38(1):51-58

Adam F, Chauvin M, Du Manoir B, Langlois M, Sessler DI, Fletcher D. Small-dose
ketamine infusion improves postoperative analgesia and rehabilitation after total knee
arthroplasty. Anesthesia and Analgesia. 2005; 100(2):475-80

Aftab S, Rashdi S. Comparison of intravenous ketorolac with diclofenac for
postoperative analgesia. Journal of Surgery Pakistan. 2008; 13(2):62-66

Agarwal A, Gautam S, Gupta D, Agarwal S, Singh PK, Singh U. Evaluation of a single
preoperative dose of pregabalin for attenuation of postoperative pain after
laparoscopic cholecystectomy. British Journal of Anaesthesia. 2008; 101(5):700-4

Ajori L, Nazari L, Mazloomfard MM, Amiri Z. Effects of gabapentin on postoperative
pain, nausea and vomiting after abdominal hysterectomy: a double blind randomized
clinical trial. Archives of Gynecology and Obstetrics. 2012; 285(3):677-82

Akhavanakbari G, Mohamadian A, Entezarias| M. Evaluation the effects of adding
ketamine to morphine in intravenous patient-controlled analgesia after orthopedic
surgery. Perspectives in Clinical Research. 2014; 5(2):85-7

Akinbade AO, Ndukwe KC, Owotade FJ. Comparative analgesic effects of ibuprofen,
celecoxib and tramadol after third molar surgery: a randomized double blind
controlled trial. Journal of Contemporary Dental Practice. 2018; 19(11):1334-1340

Al-Mujadi H, AR AR, Katzarov MG, Dehrab NA, Batra YK, Al-Qattan AR. Preemptive
gabapentin reduces postoperative pain and opioid demand following thyroid surgery.
Canadian Journal of Anaesthesia. 2006; 53(3):268-73

Al-Sukhun J, Al-Sukhun S, Penttila H, Ashammakhi N, Al-Sukhun R. Preemptive
analgesic effect of low doses of celecoxib is superior to low doses of traditional
nonsteroidal anti-inflammatory drugs. Journal of Craniofacial Surgery. 2012;
23(2):526-529

Al-Sukhun J, Penttila H. The cyclooxygenase-2 inhibitor celecoxib and alveolar
osteitis. Journal of the Irish Dental Association. 2011; 57(1):50-53

Alimian M, Imani F, Hassani V, Rahimzadeh P, Sharifian M, Safari S. Effects of
single-dose pregabalin on postoperative pain in dacryocystorhinostomy surgery.
Anesthesiology & Pain Medicine. 2012; 2(2):72-6

Argoff C, McCarberg B, Gudin J, Nalamachu S, Young C. SoluMatrix diclofenac:
sustained opioid-sparing effects in a phase 3 study in patients with postoperative
pain. Pain Medicine. 2016; 17(10):1933-1941

Arikan M, Aslan B, Arikan O, Horasanli E, But A. Comparison of the effects of
magnesium and ketamine on postoperative pain and morphine consumption. A
double-blind randomized controlled clinical study. Acta Cirurgica Brasileira. 2016;
31(2):67-73

Aubrun F, Gaillat C, Rosenthal D, Dupuis M, Mottet P, Marchetti F et al. Effect of a
low-dose ketamine regimen on pain, mood, cognitive function and memory after
major gynaecological surgery: a randomized, double-blind, placebo-controlled trial.
European Journal of Anaesthesiology. 2008; 25(2):97-105

© NICE 2020. All rights reserved. Subject to Notice of rights.

339



Perioperative care: FINAL
References

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Aveline C, Gautier JF, Vautier P, Cognet F, Hetet HL, Attali JY et al. Postoperative
analgesia and early rehabilitation after total knee replacement: a comparison of
continuous low-dose intravenous ketamine versus nefopam. European Journal of
Pain. 2009; 13(6):613-9

Aveline C, Hetet HL, Vautier P, Gautier JF, Bonnet F. Peroperative ketamine and
morphine for postoperative pain control after lumbar disk surgery. European Journal
of Pain. 2006; 10(7):653-8

Ayoglu H, Karadeniz U, Kunduracilar Z, Ayoglu FN, Erdemli O. The analgesic effect
of magnesium sulfate and ketamine in patients undergoing laparoscopic
cholecystectomy. Pain Clinic. 2005; 17(1):45-53

Azad SC, Groh J, Beyer A, Schneck D, Dreher E, Peter K. Continuous epidural
analgesia versus patient controlled intravenous analgesia for postthoracotomy pain
Acute Pain. 2000; 3(2):14-23

Badrinath S, Avramov MN, Shadrick M, Witt TR, Ivankovich AD. The use of a
ketamine-propofol combination during monitored anesthesia care. Anesthesia and
Analgesia. 2000; 90(4):858-62

Bakshi R, Frenkel G, Dietlein G, Meurer-Witt B, Schneider B, Sinterhauf U. A
placebo-controlled comparative evaluation of diclofenac dispersible versus ibuprofen
in postoperative pain after third molar surgery. Journal of Clinical Pharmacology.
1994; 34(3):225-30

Balaban F, Yagar S, Ozgok A, Koc M, Gullapoglu H. A randomized, placebo-
controlled study of pregabalin for postoperative pain intensity after laparoscopic
cholecystectomy. Journal of Clinical Anesthesia. 2012; 24(3):175-178

Barton SF, Langeland FF, Snabes MC, LeComte D, Kuss ME, Dhadda SS et al.
Efficacy and safety of intravenous parecoxib sodium in relieving acute postoperative
pain following gynecologic laparotomy surgery. Anesthesiology. 2002; 97(2):306-14

Bauchat JR, Higgins N, Wojciechowski KG, McCarthy RJ, Toledo P, Wong CA. Low-
dose ketamine with multimodal postcesarean delivery analgesia: a randomized
controlled trial. International Journal of Obstetric Anesthesia. 2011; 20(1):3-9

Beaudoin FL, Lin C, Guan W, Merchant RC. Low-dose ketamine improves pain relief
in patients receiving intravenous opioids for acute pain in the emergency department:
results of a randomized, double-blind, clinical trial. Academic Emergency Medicine.
2014; 21(11):1193-202

Behdad S, Ayatollahi V, Bafghi AT, Tezerjani MD, Abrishamkar M. Effect of
gabapentin on postoperative pain and operation complications: a randomized placebo
controlled trial. West Indian Medical Journal. 2012; 61(2):128-33

Benzon HT, Wong HY, Belavic AM, Jr., Goodman |, Mitchell D, Lefheit T et al. A
randomized double-blind comparison of epidural fentanyl infusion versus patient-
controlled analgesia with morphine for postthoracotomy pain. Anesthesia and
Analgesia. 1993; 76(2):316-22

Bialka S, Copik M, Daszkiewicz A, Rivas E, Ruetzler K, Szarpak L et al. Comparison
of different methods of postoperative analgesia after thoracotomy-a randomized
controlled trial. Journal of Thoracic Disease. 2018; 10(8):4874-4882

Bikhazi GB, Snabes MC, Bajwa ZH, Davis DJ, LeComte D, Traylor L et al. A clinical
trial demonstrates the analgesic activity of intravenous parecoxib sodium compared
with ketorolac or morphine after gynecologic surgery with laparotomy. American
Journal of Obstetrics and Gynecology. 2004; 191(4):1183-91

© NICE 2020. All rights reserved. Subject to Notice of rights.

340



Perioperative care: FINAL
References

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Bilgen S, Koner O, Ture H, Menda F, Ficicioglu C, Aykac B. Effect of three different
doses of ketamine prior to general anaesthesia on postoperative pain following
Caesarean delivery: a prospective randomized study. Minerva Anestesiologica. 2012;
78(4):442-9

Boylan JF, Katz J, Kavanagh BP, Klinck JR, Cheng DC, DeMajo WC et al. Epidural
bupivacaine-morphine analgesia versus patient-controlled analgesia following
abdominal aortic surgery: analgesic, respiratory, and myocardial effects.
Anesthesiology. 1998; 89(3):585-93

Burstal R, Danjoux G, Hayes C, Lantry G. PCA ketamine and morphine after
abdominal hysterectomy. Anaesthesia and Intensive Care. 2001; 29(3):246-51

Cagla Ozbakis Akkurt B, Inanoglu K, Kalaci A, Turhanoglu S, Asfuroglu Z, Tumkaya
F. Effects of intravenous small dose ketamine and midazolam on postoperative pain
following knee arthroscopy. Pain Practice. 2009; 9(4):289-95

Canadell-Carafi J, Moreno-Londono A, Fernadez-Fairen M, Vilarrubias-Guillamet JM,
Gonzalez-Caudevilla B. Ketorolac 10 mg suppository g.i.d. versus diclofenac 100 mg
suppository b.i.d. in post-operative orthopaedic pain. A double-blind comparative
analgesic and safety study. Clinical Trials Journal. 1990; 27(6):351-358

Carli F, Mayo N, Klubien K, Schricker T, Trudel J, Belliveau P. Epidural analgesia
enhances functional exercise capacity and health-related quality of life after colonic
surgery: results of a randomized trial. Anesthesiology. 2002; 97(3):540-9

Cengiz P, Gokcinar D, Karabeyoglu |, Topcu H, Cicek GS, Gogus N. Intraoperative
low-dose ketamine infusion reduces acute postoperative pain following total knee
replacement surgery: a prospective, randomized double-blind placebo-controlled trial.
Journal of College of Physicians and Surgeons Pakistan. 2014; 24(5):299-303

Chazan S, Buda I, Nesher N, Paz J, Weinbroum AA. Low-dose ketamine via
intravenous patient-controlled analgesia device after various transthoracic procedures
improves analgesia and patient and family satisfaction. Pain Management Nursing.
2010; 11(3):169-76

Cheung R, Krishnaswami S, Kowalski K. Analgesic efficacy of celecoxib in
postoperative oral surgery pain: a single-dose, two-center, randomized, double-blind,
active- and placebo-controlled study. Clinical Therapeutics. 2007; 29 (Suppl):2498-
510

Choudhuri AH, Uppal R. A comparison between intravenous paracetamol plus
fentanyl and intravenous fentanyl alone for postoperative analgesia during
laparoscopic cholecystectomy. Anesthesia Essays and Researches. 2011; 5(2):196-
200

Christensen K, Daniels S, Bandy D, Ernst CC, Hamilton DA, Mermelstein FH et al. A
double-blind placebo-controlled comparison of a novel formulation of intravenous
diclofenac and ketorolac for postoperative third molar extraction pain. Anesthesia
Progress. 2011; 58(2):73-81

Chui PT, Gin T. A comparison between ketorolac and diclofenac in laparoscopic
sterilization. European Journal of Anaesthesiology. 1995; 12(6):597-601

Clarke H, Kirkham KR, Orser BA, Katznelson R, Mitsakakis N, Ko R et al. Gabapentin
reduces preoperative anxiety and pain catastrophizing in highly anxious patients prior
to major surgery: a blinded randomized placebo-controlled trial. Canadian Journal of
Anaesthesia. 2013; 60(5):432-43

© NICE 2020. All rights reserved. Subject to Notice of rights.

341



Perioperative care: FINAL
References

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Clarke R, Derry S, Moore RA. Single dose oral etoricoxib for acute postoperative pain
in adults. Cochrane Database of Systematic Reviews 2012, Issue 4. Art. No.:
CD004309. DOI: 10.1002/14651858.CD004309.pub3.

Commercial Medicines Unit (CMU), Department of Health. Electronic market
information tool (EMIT). 2011. Available from: http://cmu.dh.gov.uk/electronic-market-
information-tool-emit/ Last accessed: 01/09/2019

D'Alonzo RC, Bennett-Guerrero E, Podgoreanu M, D'Amico TA, Harpole DH, Shaw
AD. A randomized, double blind, placebo controlled clinical trial of the preoperative
use of ketamine for reducing inflammation and pain after thoracic surgery. Journal of
Anesthesia. 2011; 25(5):672-8

Dahi-Taleghani M, Fazli B, Ghasemi M, Vosoughian M, Dabbagh A. Effect of
intravenous patient controlled ketamine analgesiaon postoperative pain in opium
abusers. Anesthesiology & Pain Medicine. 2014; 4(1):e14129

Dahl V, Ernoe PE, Steen T, Raeder JC, White PF. Does ketamine have preemptive
effects in women undergoing abdominal hysterectomy procedures? Anesthesia and
Analgesia. 2000; 90(6):1419-22

Daniels SE, Grossman EH, Kuss ME, Talwalker S, Hubbard RC. A double-blind,
randomized comparison of intramuscularly and intravenously administered parecoxib
sodium versus ketorolac and placebo in a post-oral surgery pain model. Clinical
Therapeutics. 2001; 23(7):1018-31

Darwish HM, Marzouk S, El Kholy G, EI-Din WS. Low dose ketamine prevents acute
opioid tolerance induced by remifentanil infusion. Egyptian Journal of Anaesthesia.
2005; 21(3):259-266

Davis KM, Esposito MA, Meyer BA. Oral analgesia compared with intravenous
patient-controlled analgesia for pain after cesarean delivery: a randomized controlled
trial. American Journal of Obstetrics and Gynecology. 2006; 194(4):967-71

Deng GF, Zheng JP, Wang S, Tian B, Zhang SG. Remifentanil combined with low-
dose ketamine for postoperative analgesia of lower limb fracture: a double-blind,
controlled study. Chinese Journal of Traumatology. 2009; 12(4):223-7

Derry C, Derry S, Moore RA, McQuay HJ. Single dose oral ibuprofen for acute
postoperative pain in adults. Cochrane Database of Systematic Reviews 2009, Issue
3. Art. No.: CD001548. DOI: 10.1002/14651858.CD001548.pub?2.

Derry S, Moore R. Single dose oral aspirin for acute postoperative pain in adults.
Cochrane Database of Systematic Reviews 2012, Issue 4. Art. No.: CD002067. DOI:
10.1002/14651858.CD002067.pub2.

Derry S, Moore RA. Single dose oral celecoxib for acute postoperative pain in adults.
Cochrane Database of Systematic Reviews 2013, Issue 10. Art. No.: CD004233.
DOI: 10.1002/14651858.CD004233.pub4.

Derry S, Wiffen PJ, Moore RA. Single dose oral diclofenac for acute postoperative
pain in adults. Cochrane Database of Systematic Reviews 2015, Issue 7. Art. NoO.:
CDO004768. DOI: 10.1002/14651858.CD004768.pub3.

Dierking G, Duedahl TH, Rasmussen ML, Fomsgaard JS, Moiniche S, Romsing J et
al. Effects of gabapentin on postoperative morphine consumption and pain after
abdominal hysterectomy: a randomized, double-blind trial. Acta Anaesthesiologica
Scandinavica. 2004, 48(3):322-7

© NICE 2020. All rights reserved. Subject to Notice of rights.

342


http://cmu.dh.gov.uk/electronic-market-information-tool-emit/
http://cmu.dh.gov.uk/electronic-market-information-tool-emit/

Perioperative care: FINAL
References

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Dieterich M, Muller-Jordan K, Stubert J, Kundt G, Wagner K, Gerber B. Pain
management after cesarean: a randomized controlled trial of oxycodone versus
intravenous piritramide. Archives of Gynecology and Obstetrics. 2012; 286(4):859-65

Dirks J, Fredensborg BB, Christensen D, Fomsgaard JS, Flyger H, Dahl JB. A
randomized study of the effects of single-dose gabapentin versus placebo on
postoperative pain and morphine consumption after mastectomy. Anesthesiology.
2002; 97(3):560-4

Doyle G, Jayawardena S, Ashraf E, Cooper SA. Efficacy and tolerability of
nonprescription ibuprofen versus celecoxib for dental pain. Journal of Clinical
Pharmacology. 2002; 42(8):912-919

Duale C, Sibaud F, Guastella V, Vallet L, Gimbert YA, Taheri H et al. Perioperative
ketamine does not prevent chronic pain after thoracotomy. European Journal of Pain.
2009; 13(5):497-505

Dullenkopf A, Muller R, Dillmann F, Wiedemeier P, Hegi TR, Gautschi S. An
intraoperative pre-incision single dose of intravenous ketamine does not have an
effect on postoperative analgesic requirements under clinical conditions. Anaesthesia
and Intensive Care. 2009; 37(5):753-7

Durmus M, Kadir But A, Saricicek V, llksen Toprak H, Ozcan Ersoy M. The post-
operative analgesic effects of a combination of gabapentin and paracetamol in
patients undergoing abdominal hysterectomy: a randomized clinical trial. Acta
Anaesthesiologica Scandinavica. 2007; 51(3):299-304

Edwards ND, Fletcher A, Cole JR, Peacock JE. Combined infusions of morphine and
ketamine for postoperative pain in elderly patients. Anaesthesia. 1993; 48(2):124-7

Eidy M, Fazel MR, Abdolrahimzadeh H, Moravveji AR, Kochaki E, Mohammadzadeh
M. Effects of pregabalin and gabapentin on postoperative pain and opioid
consumption after laparoscopic cholecystectomy. Korean Journal of Anesthesiology.
2017; 70(4):434-438

Eman A, Bilir A, Beyaz SG. The effects of preoperative pregabalin on postoperative
analgesia and morphine consumption after abdominal hysterectomy. Acta Medica
Mediterranea. 2014; 30(2):481-485

Fenlon S, Collyer J, Giles J, Bidd H, Lees M, Nicholson J et al. Oral vs intravenous
paracetamol for lower third molar extractions under general anaesthesia: is oral
administration inferior? British Journal of Anaesthesia. 2013; 110(3):432-7

Fiorelli A, Mazzella A, Passavanti B, Sansone P, Chiodini P, lannotti M et al. Is pre-
emptive administration of ketamine a significant adjunction to intravenous morphine
analgesia for controlling postoperative pain? A randomized, double-blind, placebo-
controlled clinical trial. Interactive Cardiovascular and Thoracic Surgery. 2015;
21(3):284-90

Forrest JB, Camu F, Greer |IA, Kehlet H, Abdalla M, Bonnet F et al. Ketorolac,
diclofenac, and ketoprofen are equally safe for pain relief after major surgery. British
Journal of Anaesthesia. 2002; 88(2):227-33

Fredman B, Olsfanger D, Jedeikin R. A comparative study of ketorolac and diclofenac
on post-laparoscopic cholecystectomy pain. European Journal of Anaesthesiology.
1995; 12(5):501-4

Fricke J, Halladay SC, Bynum L, Francisco CA. Pain relief after dental impaction
surgery using ketorolac, hydrocodone plus acetaminophen, or placebo. Clinical
Therapeutics. 1993; 15(3):500-9

© NICE 2020. All rights reserved. Subject to Notice of rights.

343



Perioperative care: FINAL
References

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Fricke JR, Halladay SC, Francisco CA. Efficacy and safety of naproxen sodium and
ibuprofen for pain relief after oral surgery. Current Therapeutic Research - Clinical
and Experimental. 1993; 54(6):619-627

Gan TJ, Daniels SE, Singla N, Hamilton DA, Carr DB. A novel injectable formulation
of diclofenac compared with intravenous ketorolac or placebo for acute moderate-to-
severe pain after abdominal or pelvic surgery: a multicenter, double-blind,
randomized, multiple-dose study. Anesthesia and Analgesia. 2012; 115(5):1212-20

Ganne O, Abisseror M, Menault P, Malhiere S, Chambost V, Charpiat B et al. Low-
dose ketamine failed to spare morphine after a remifentanil-based anaesthesia for
ear, nose and throat surgery. European Journal of Anaesthesiology. 2005; 22(6):426-
30

Garg N, Panda NB, Gandhi KA, Bhagat H, Batra YK, Grover VK et al. Comparison of
small dose ketamine and dexmedetomidine infusion for postoperative analgesia in
spine surgery--a prospective randomized double-blind placebo controlled study.
Journal of Neurosurgical Anesthesiology. 2016; 28(1):27-31

Gaskell H, Derry S, Wiffen PJ, Moore RA. Single dose oral ketoprofen or
dexketoprofen for acute postoperative pain in adults. Cochrane Database of
Systematic Reviews 2017, Issue 5. Art. No.: CD007355. DOI:
10.1002/14651858.CD007355.pub3.

George KA, Wright PM, Chisakuta AM, Rao NV. Thoracic epidural analgesia
compared with patient controlled intravenous morphine after upper abdominal
surgery. Acta Anaesthesiologica Scandinavica. 1994; 38(8):808-12

Ghafari M, Akrami M, Nouraishahi B, Sadegh A. Preoperative gabapentin or clonidine
decreases postoperative pain and morphine consumption after abdominal
hysterectomy. Research Journal of Biological Sciences. 2009; 4(4):458-463

Ghazi-Saidi K, Hajipour A. Effects of preemptive ketamine on post caesarean
analgesic requirement. Acta Medica Iranica. 2002; 40(2):100-3

Gillies A, Lindholm D, Angliss M, Orr A. The use of ketamine as rescue analgesia in
the recovery room following morphine administration--a double-blind randomised
controlled trial in postoperative patients. Anaesthesia and Intensive Care. 2007;
35(2):199-203

Guignard B, Coste C, Costes H, Sessler DI, Lebrault C, Morris W et al.
Supplementing desflurane-remifentanil anesthesia with small-dose ketamine reduces
perioperative opioid analgesic requirements. Anesthesia and Analgesia. 2002;
95(1):103-8

Guillou N, Tanguy M, Seguin P, Branger B, Campion JP, Malledant Y. The effects of
small-dose ketamine on morphine consumption in surgical intensive care unit patients
after major abdominal surgery. Anesthesia and Analgesia. 2003; 97(3):843-7

Hadi BA, Al Daas R, Ramadani R, Naylor I, Zelko R, Saleh M. The influence of
anaesthetic drug selection for scoliosis surgery on the management of intraoperative
haemodynamic stability and postoperative pain - Pharmaceutical care programme.
Southern African Journal of Anaesthesia and Analgesia. 2009; 15(5):10-14

Hadi BA, Al Ramadani R, Daas R, Naylor I, Zelko R. Remifentanil in combination with
ketamine versus remifentanil in spinal fusion surgery--a double blind study.
International Journal of Clinical Pharmacology and Therapeutics. 2010; 48(8):542-8

© NICE 2020. All rights reserved. Subject to Notice of rights.

344



Perioperative care: FINAL
References

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Hadi BA, Daas R, Zelko R. A randomized, controlled trial of a clinical pharmacist
intervention in microdiscectomy surgery - Low dose intravenous ketamine as an
adjunct to standard therapy. Saudi Pharmaceutical Journal. 2013; 21(2):169-75

Haliloglu M, Ozdemir M, Uzture N, Cenksoy PO, Bakan N. Perioperative low-dose
ketamine improves postoperative analgesia following cesarean delivery with general
anesthesia. Journal of Maternal-Fetal & Neonatal Medicine. 2016; 29(6):962-966

Han SY, Jin HC, Yang WD, Lee JH, Cho SH, Chae WS et al. The effect of low-dose
ketamine on post-caesarean delivery analgesia after spinal anesthesia. Korean
Journal of Pain. 2013; 26(3):270-6

Hanoura S, Sharaa M, Refaie M, Singh R. A comparative study of preemptive effect
of pregabalin and gabapentin on postoperative pain after coronary artery bypass graft
surgery: A clinical randomized trial. Journal of the Egyptian Society of Cardio-
Thoracic Surgery. 2018; 26(4):245-251

Hasanein R, El-Sayed W, Nabil N, Elsayed G. The effect of combined remifentanil
and low dose ketamine infusion in patients undergoing laparoscopic gastric bypass.
Egyptian Journal of Anaesthesia. 2011; 27(4):255-260

Hassani V, Pazouki A, Nikoubakht N, Chaichian S, Sayarifard A, Shakib Khankandi
A. The effect of gabapentin on reducing pain after laparoscopic gastric bypass
surgery in patients with morbid obesity: a randomized clinical trial. Anesthesiology &
Pain Medicine. 2015; 5(1):e22372

Hausken J, Fretland AA, Edwin B, Andersen MH, Dagenborg VJ, Bjornelv GMW et al.
Intravenous patient-controlled analgesia versus thoracic epidural analgesia after open
liver surgery: A prospective, randomized, controlled, noninferiority trial. Annals of
Surgery. 2019; 270(2):193-199

Hayes C, Armstrong-Brown A, Burstal R. Perioperative intravenous ketamine infusion
for the prevention of persistent post-amputation pain: a randomized, controlled trial.
Anaesthesia and Intensive Care. 2004; 32(3):330-8

Hetta DF, Mohamed MA, Mohammad MF. Analgesic efficacy of pregabalin in acute
postmastectomy pain: placebo controlled dose ranging study. Journal of Clinical
Anesthesia. 2016; 34:303-9

Hong BH, Lee WY, Kim YH, Yoon SH, Lee WH. Effects of intraoperative low dose
ketamine on remifentanil-induced hyperalgesia in gynecologic surgery with
sevoflurane anesthesia. Korean Journal of Anesthesiology. 2011; 61(3):238-43

Hosseini VS, Yekta RA, Marashi S, Marashi SM. The efficacy of melatonin, clonidine
and gabapentin in reducing preoperative anxiety and postoperative pain in patients
undergoing laparoscopic cholecystectomy: A randomized clinical trial. Archives of
Anesthesiology and Critical Care. 2015; 1(4):120-125

Hubner M, Blanc C, Roulin D, Winiker M, Gander S, Demartines N. Randomized
clinical trial on epidural versus patient-controlled analgesia for laparoscopic colorectal
surgery within an enhanced recovery pathway. Annals of Surgery. 2015; 261(4):648-
53

llkjaer S, Nikolajsen L, Hansen TM, Wernberg M, Brennum J, Dahl JB. Effect of i.v.
ketamine in combination with epidural bupivacaine or epidural morphine on
postoperative pain and wound tenderness after renal surgery. British Journal of
Anaesthesia. 1998; 81(5):707-12

© NICE 2020. All rights reserved. Subject to Notice of rights.

345



Perioperative care: FINAL
References

96.

97.

98.

99.

100.

101.

102.

108.

104.

105.

106.

107.

108.

109.

Jakobsson J, Rane K, Davidson S. Intramuscular NSAIDS reduce post-operative pain
after minor outpatient anaesthesia. European Journal of Anaesthesiology. 1996;
13(1):67-71

Jaksch W, Lang S, Reichhalter R, Raab G, Dann K, Fitzal S. Perioperative small-
dose S(+)-ketamine has no incremental beneficial effects on postoperative pain when
standard-practice opioid infusions are used. Anesthesia and Analgesia. 2002;
94(4):981-6

Jarde O, Boccard E. Parenteral versus oral route increases paracetamol efficacy.
Clinical Drug Investigation. 1997; 14(6):474-481

Javery KB, Ussery TW, Steger HG, Colclough GW. Comparison of morphine and
morphine with ketamine for postoperative analgesia. Canadian Journal of
Anaesthesia. 1996; 43(3):212-5

Jendoubi A, Naceur IB, Bouzouita A, Trifa M, Ghedira S, Chebil M et al. A
comparison between intravenous lidocaine and ketamine on acute and chronic pain
after open nephrectomy: A prospective, double-blind, randomized, placebo-controlled
study. Saudi Journal of Anaesthesia. 2017; 11(2):177-184

Joint Formulary Committee. British National Formulary (online). Available from:
http://www.medicinescomplete.com Last accessed: 04/04/19

Joly V, Richebe P, Guignard B, Fletcher D, Maurette P, Sessler DI et al. Remifentanil-
induced postoperative hyperalgesia and its prevention with small-dose ketamine.
Anesthesiology. 2005; 103(1):147-55

Joshi A, Parara E, Macfarlane TV. A double-blind randomised controlled clinical trial
of the effect of preoperative ibuprofen, diclofenac, paracetamol with codeine and
placebo tablets for relief of postoperative pain after removal of impacted third molars.
British Journal of Oral and Maxillofacial Surgery. 2004; 42(4):299-306

Kapfer B, Alfonsi P, Guignard B, Sessler DI, Chauvin M. Nefopam and ketamine
comparably enhance postoperative analgesia. Anesthesia and Analgesia. 2005;
100(1):169-74

Katz J, Schmid R, Snijdelaar DG, Coderre TJ, McCartney CJ, Wowk A. Pre-emptive
analgesia using intravenous fentanyl plus low-dose ketamine for radical
prostatectomy under general anesthesia does not produce short-term or long-term
reductions in pain or analgesic use. Pain. 2004; 110(3):707-18

Kerrick JM, Fine PG, Lipman AG, Love G. Low-dose amitriptyline as an adjunct to
opioids for postoperative orthopedic pain: a placebo-controlled trial. Pain. 1993;
52(3):325-30

Khademi S, Ghaffarpasand F, Heiran HR, Asefi A. Effects of preoperative gabapentin
on postoperative nausea and vomiting after open cholecystectomy: a prospective
randomized double-blind placebo-controlled study. Medical Principles and Practice.
2010; 19(1):57-60

Khan MA, Siddigi KJ, Ageel M. Effect of gabapentin on opioid requirements in
patients undergoing total abdominal hysterectomy. Anaesthesia, Pain and Intensive
Care. 2013; 17(2):131-135

Khan ZH, Rahimi M, Makarem J, Khan RH. Optimal dose of pre-incision/post-incision
gabapentin for pain relief following lumbar laminectomy: a randomized study. Acta
Anaesthesiologica Scandinavica. 2011; 55(3):306-12

© NICE 2020. All rights reserved. Subject to Notice of rights.

346


http://www.medicinescomplete.com/

Perioperative care: FINAL
References

110.

111.

112.

113.

114.

115.

116.

117.

118.

1109.

120.

121.

122.

123.

Khurana G, Jindal P, Sharma JP, Bansal KK. Postoperative pain and long-term
functional outcome after administration of gabapentin and pregabalin in patients
undergoing spinal surgery. Spine. 2014; 39(6):E363-8

Kiersch TA, Halladay SC, Koschik M. A double-blind, randomized study of naproxen
sodium, ibuprofen, and placebo in postoperative dental pain. Clinical Therapeutics.
1993; 15(5):845-54

Kim JC, Byun S, Kim S, Lee SY, Lee JH, Ahn S. Effect of preoperative pregabalin as
an adjunct to a multimodal analgesic regimen in video-assisted thoracoscopic
surgery: A randomized controlled trial. Medicine. 2017; 96(49):e8644

Kim SH, Kim SI, Ok SY, Park SY, Kim MG, Lee SJ et al. Opioid sparing effect of low
dose ketamine in patients with intravenous patient-controlled analgesia using fentanyl
after lumbar spinal fusion surgery. Korean Journal of Anesthesiology. 2013;
64(6):524-8

Kjolhede P, Bergdahl O, Borendal Wodlin N, Nilsson L. Effect of intrathecal morphine
and epidural analgesia on postoperative recovery after abdominal surgery for
gynecologic malignancy: an open-label randomised trial. BMJ Open. 2019;
9(3):e024484

Kollender Y, Bickels J, Stocki D, Maruoani N, Chazan S, Nirkin A et al.
Subanaesthetic ketamine spares postoperative morphine and controls pain better
than standard morphine does alone in orthopaedic-oncological patients. European
Journal of Cancer. 2008; 44(7):954-62

Kostamovaara PA, Hendolin H, Kokki H, Nuutinen LS. Ketorolac, diclofenac and
ketoprofen are equally efficacious for pain relief after total hip replacement surgery.
British Journal of Anaesthesia. 1998; 81(3):369-72

Kotsovolis G, Karakoulas K, Grosomanidis V, Tziris N. Comparison between the
combination of gabapentin, ketamine, lornoxicam, and local ropivacaine and each of
these drugs alone for pain after laparoscopic cholecystectomy: a randomized trial.
Pain Practice. 2015; 15(4):355-63

Kwok RF, Lim J, Chan MT, Gin T, Chiu WK. Preoperative ketamine improves
postoperative analgesia after gynecologic laparoscopic surgery. Anesthesia and
Analgesia. 2004; 98(4):1044-9

Lahtinen P, Kokki H, Hakala T, Hynynen M. S(+)-ketamine as an analgesic adjunct
reduces opioid consumption after cardiac surgery. Anesthesia and Analgesia. 2004;
99(5):1295-301

Lak M, Foroozanmehr MJ, Ramazani MA, Araghizadeh H, Zahedi-Shoolami L.
Assessment of ketamine effect as adjuvant to morphine in post-operative pain
reduction in donor kidney transplanted. Iranian Red Crescent Medical Journal. 2010;
12(1):38-44

Lalenoh LAP. The antinociceptive effects of pregabalin on post-operative
hysterectomy patient. Journal of Anesthesia & Clinical Research. 2014; 5:466

Launo C, Bassi C, Spagnolo L, Badano S, Ricci C, Lizzi A et al. Preemptive ketamine
during general anesthesia for postoperative analgesia in patients undergoing
laparoscopic cholecystectomy. Minerva Anestesiologica. 2004; 70(10):727-34; 734-8

Leal PC, Sakata RK, Salomao R, Sadatsune EJ, Issy AM. Assessment of the effect of
ketamine in combination with remifentanil on postoperative pain. Brazilian Journal of
Anesthesiology. 2013; 63(2):178-82

© NICE 2020. All rights reserved. Subject to Notice of rights.

347



Perioperative care: FINAL
References

124,

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Leal PC, Salomao R, Brunialti MK, Sakata RK. Evaluation of the effect of ketamine on
remifentanil-induced hyperalgesia: a double-blind, randomized study. Journal of
Clinical Anesthesia. 2015; 27(4):331-337

Lee MH, Chung MH, Han CS, Lee JH, Choi YR, Choi EM et al. Comparison of effects
of intraoperative esmolol and ketamine infusion on acute postoperative pain after
remifentanil-based anesthesia in patients undergoing laparoscopic cholecystectomy.
Korean Journal of Anesthesiology. 2014; 66(3):222-9

Lenzmeier B, Moore RL, Cordts P, Garrett N. Menstrual cycle-related variations in
postoperative analgesia with the preemptive use of N-methyl D-aspartate antagonist
ketamine: a pilot study. Dimensions of Critical Care Nursing. 2008; 27(6):271-6

Leung JM, Sands LP, Rico M, Petersen KL, Rowbotham MC, Dahl JB et al. Pilot
clinical trial of gabapentin to decrease postoperative delirium in older patients.
Neurology. 2006; 67(7):1251-3

Leykin Y, Casati A, Rapotec A, Dal Sasso M, Barzan L, Fanelli G et al. A prospective,
randomized, double-blind comparison between parecoxib and ketorolac for early
postoperative analgesia following nasal surgery. Minerva Anestesiologica. 2008;
74(9):475-9

Li M, LiL, Xu YT, Wang X. Intravenous analgesics for pain management in
postoperative patients: A comparative study of their efficacy and adverse effects.
Tropical Journal of Pharmaceutical Research. 2016; 15(8):1799-1806

Liu SS, Carpenter RL, Mackey DC, Thirlby RC, Rupp SM, Shine TS et al. Effects of
perioperative analgesic technique on rate of recovery after colon surgery.
Anesthesiology. 1995; 83(4):757-65

Lo A, Macpherson N, Spiwak R. Prospective randomized trial of patient-controlled
analgesia with ketamine and morphine or morphine alone after hysterectomy.
Canadian Journal of Hospital Pharmacy. 2008; 61(5):334-339

Madej TH, Wheatley RG, Jackson IJ, Hunter D. Hypoxaemia and pain relief after
lower abdominal surgery: comparison of extradural and patient-controlled analgesia.
British Journal of Anaesthesia. 1992; 69(6):554-7

Manvelian G, Daniels S, Gibofsky A. A phase 2 study evaluating the efficacy and
safety of a novel, proprietary, nano-formulated, lower dose oral diclofenac. Pain
Medicine. 2012; 13(11):1491-8

Marashi SM, Morabi, Ali Akbar. The effect of pre-operative oral clonidine or
gabapentin on post-operative pain intensity, morphine consumption and post-
operative nausea and vomiting in patients who undergone thyroidectomy: A double-
blind placebo-control study. Journal of Anesthesia & Clinical Research. 2012; 3:206

Mardani-Kivi M, Karimi Mobarakeh M, Keyhani S, Haghighi M, Hashemi-Motlagh K,
Saheb-Ekhtiari K. Arthroscopic bankart surgery: Does gabapentin reduce
postoperative pain and opioid consumption? A triple-blinded randomized clinical trial.
Orthopaedics & Traumatology, Surgery & Research. 2016; 102(5):549-53

Mardani-Kivi M, Mobarakeh MK, Keyhani S, Motlagh KH, Ekhtiari KS. Is gabapentin
effective on pain management after arthroscopic anterior cruciate ligament
reconstruction? A triple blinded randomized controlled trial. Archives of Bone & Joint
Surgery. 2013; 1(1):18-22

Mathisen LC, Aasbo V, Raeder J. Lack of pre-emptive analgesic effect of (R)-
ketamine in laparoscopic cholecystectomy. Acta Anaesthesiologica Scandinavica.
1999; 43(2):220-4

© NICE 2020. All rights reserved. Subject to Notice of rights.

348



Perioperative care: FINAL
References

138.

139.

140.

141.

142,

143.

144.

145.

146.

147.

148.

149.

150.

151.

McKay WP, Donais P. Bowel function after bowel surgery: morphine with ketamine or
placebo; a randomized controlled trial pilot study. Acta Anaesthesiologica
Scandinavica. 2007; 51(9):1166-71

Mehlisch DR, Desjardins PJ, Daniels S, Hubbard RC. Single doses of parecoxib
sodium intravenously are as effective as ketorolac in reducing pain after oral surgery.
Journal of Oral and Maxillofacial Surgery. 2003; 61(9):1030-1037

Mehlisch DR, Desjardins PJ, Daniels S, Hubbard RC. The analgesic efficacy of
intramuscular parecoxib sodium in postoperative dental pain. Journal of the American
Dental Association. 2004; 135(11):1578-90

Memis D, Inal MT, Kavalci G, Sezer A, Sut N. Intravenous paracetamol reduced the
use of opioids, extubation time, and opioid-related adverse effects after major surgery
in intensive care unit. Journal of Critical Care. 2010; 25(3):458-462

Menigaux C, Fletcher D, Dupont X, Guignard B, Guirimand F, Chauvin M. The
benefits of intraoperative small-dose ketamine on postoperative pain after anterior
cruciate ligament repair. Anesthesia and Analgesia. 2000; 90(1):129-35

Menigaux C, Guignard B, Fletcher D, Sessler DI, Dupont X, Chauvin M.
Intraoperative small-dose ketamine enhances analgesia after outpatient knee
arthroscopy. Anesthesia and Analgesia. 2001; 93(3):606-12

Metry A, Ishak S, Khattab A. Does gabapentin have preemptive effects in women
undergoing mastectomy? Acta Anaesthesiologica Italica. 2008; 59(1):62-76

Michelet P, Guervilly C, Helaine A, Avaro JP, Blayac D, Gaillat F et al. Adding
ketamine to morphine for patient-controlled analgesia after thoracic surgery: influence
on morphine consumption, respiratory function, and nocturnal desaturation. British
Journal of Anaesthesia. 2007; 99(3):396-403

Mishra R, Tripathi M, Chandola HC. Comparative clinical study of gabapentin and
pregabalin for postoperative analgesia in laparoscopic cholecystectomy. Anesthesia
Essays and Researches. 2016; 10(2):201-6

Miziara LE, Simoni RF, Esteves LO, Cangiani LH, Grillo-Filho GF, Paula AG. Efficacy
of Continuous S(+)-Ketamine Infusion for Postoperative Pain Control: A Randomized
Placebo-Controlled Trial. Anesthesiology Research and Practice. 2016;
2016:6918327

Mohammadi SS, Seyedi M. Effects of gabapentin on early postoperative pain, nausea
and vomiting in laparoscopic surgery for assisted reproductive technologies. Pakistan
Journal of Biological Sciences. 2008; 11(14):1878-80

Mohammed MH, Fahmy AM, Hakim KYK. Preoperative gabapentin augments
intraoperative hypotension and reduces postoperative opioid requirements with
functional endoscopic sinus surgery. Egyptian Journal of Anaesthesia. 2012;
28(3):189-192

Moll R, Derry S, Moore RA, McQuay HJ. Single dose oral mefenamic acid for acute
postoperative pain in adults. Cochrane Database of Systematic Reviews 2011, Issue
3. Art. No.: CD007553. DOI: 10.1002/14651858.CD007553.pub2.

Moller PL, Sindet-Pedersen S, Petersen CT, Juhl Gl, Dillenschneider A, Skoglund LA.
Onset of acetaminophen analgesia: comparison of oral and intravenous routes after
third molar surgery. British Journal of Anaesthesia. 2005; 94(5):642-8

© NICE 2020. All rights reserved. Subject to Notice of rights.

349



Perioperative care: FINAL
References

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

Montazeri K, Kashefi P, Honarmand A. Pre-emptive gabapentin significantly reduces
postoperative pain and morphine demand following lower extremity orthopaedic
surgery. Singapore Medical Journal. 2007; 48(8):748-51

Mony D, Kulkarni D, Shetty L. Comparative evaluation of preemptive analgesic effect
of injected intramuscular diclofenac and ketorolac after third molar surgery - a
randomized controlled trial. Journal of Clinical and Diagnostic Research. 2016;
10(6):2C102-2C106

Moore R, Derry S, Aldington D, Wiffen P. Adverse events associated with single dose
oral analgesics for acute postoperative pain in adults - an overview of Cochrane
reviews. Cochrane Database of Systematic Reviews 2015, Issue 10. Art. No.:
CD011407. DOI: 10.1002/14651858.CD011407.pub2.

Moore R, Derry S, Aldington D, Wiffen P. Single dose oral analgesics for acute
postoperative pain in adults - an overview of Cochrane reviews. Cochrane Database
of Systematic Reviews 2015, Issue 9. Art. No.: CD008659. DOI:
10.1002/14651858.CD008659.pub3.

Moore RA, Derry S, Wiffen PJ, Banerjee S, Karan R, Glimm E et al. Estimating
relative efficacy in acute postoperative pain: network meta-analysis is consistent with
indirect comparison to placebo alone. Pain. 2018; 159(11):2234-2244

Moro ET, Feitosa |, de Oliveira RG, Saraiva GFP, Rosalino R, Marossi VP et al.
Ketamine does not enhance the quality of recovery following laparoscopic
cholecystectomy: a randomized controlled trial. Acta Anaesthesiologica
Scandinavica. 2017; 61(7):740-748

Morrow BC, Bunting H, Milligan KR. A comparison of diclofenac and ketorolac for
postoperative analgesia following day-case arthroscopy of the knee joint.
Anaesthesia. 1993; 48(7):585-7

Morue HI, Raj-Lawrence S, Saxena S, Delbaere A, Engelman E, Barvais LA. Placebo
versus low-dose ketamine infusion in addition to remifentanil target-controlled infusion
for conscious sedation during oocyte retrieval: A double-blinded, randomised
controlled trial. European Journal of Anaesthesiology. 2018; 35(9):667-674

Motamed C, Spencer A, Farhat F, Bourgain JL, Lasser P, Jayr C. Postoperative
hypoxaemia: continuous extradural infusion of bupivacaine and morphine vs patient-
controlled analgesia with intravenous morphine. British Journal of Anaesthesia. 1998;
80(6):742-7

Murdoch CJ, Crooks BA, Miller CD. Effect of the addition of ketamine to morphine in
patient-controlled analgesia. Anaesthesia. 2002; 57(5):484-8

Nesher N, Ekstein MP, Paz Y, Marouani N, Chazan S, Weinbroum AA. Morphine with
adjuvant ketamine vs higher dose of morphine alone for immediate postthoracotomy
analgesia. Chest. 2009; 136(1):245-252

Nesher N, Serovian |, Marouani N, Chazan S, Weinbroum AA. Ketamine spares
morphine consumption after transthoracic lung and heart surgery without adverse
hemodynamic effects. Pharmacological Research. 2008; 58(1):38-44

Nesioonpour S, Behaeen K. Effects of gabapentin on acute pain after nasal
septoplasty. Otorinolaringologia. 2014; 64(2):65-9

Ng A, Temple A, Smith G, Emembolu J. Early analgesic effects of parecoxib versus
ketorolac following laparoscopic sterilization: a randomized controlled trial. British
Journal of Anaesthesia. 2004; 92(6):846-9

© NICE 2020. All rights reserved. Subject to Notice of rights.

350



Perioperative care: FINAL
References

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

Nielsen RV, Fomsgaard JS, Siegel H, Martusevicius R, Nikolajsen L, Dahl JB et al.
Intraoperative ketamine reduces immediate postoperative opioid consumption after
spinal fusion surgery in chronic pain patients with opioid dependency: a randomized,
blinded trial. Pain. 2017; 158(3):463-470

Nistal-Nuno B. No preemptive analgesic effect of preoperative ketorolac
administration following total abdominal hysterectomy: A randomized study. Saudi
Journal of Anaesthesia. 2017; 11(2):169-176

Nistal-Nuno B, Freire-Vila E, Castro-Seoane F, Camba-Rodriguez M. Preoperative
low-dose ketamine has no preemptive analgesic effect in opioid-naive patients
undergoing colon surgery when nitrous oxide is used - a randomized study [version
1; peer review: 2 approved]. F1L000Research. 2014; 3:226

Nourozi A, Talebi H, Fateh S, Mohammadzadeh A, Eghtesadi-Araghi P, Ahmadi Z et
al. Effect of adding ketamine to pethidine on postoperative pain in patients
undergoing major abdominal operations: a double blind randomized controlled trial.
Pakistan Journal of Biological Sciences. 2010; 13(24):1214-8

O'Hanlon JJ, Beers H, Huss BK, Milligan KR. A comparison of the effect of
intramuscular diclofenac, ketorolac or piroxicam on post-operative pain following
laparoscopy. European Journal of Anaesthesiology. 1996; 13(4):404-7

O'Neal JB, Freiberg AA, Yelle MD, Jiang Y, Zhang C, Gu Y et al. Intravenous vs oral
acetaminophen as an adjunct to multimodal analgesia after total knee arthroplasty: a
prospective, randomized, double-blind clinical trial. Journal of Arthroplasty. 2017;
32(10):3029-3033

Ong CK, Lirk P, Tan JM, Sow BW. The analgesic efficacy of intravenous versus oral
tramadol for preventing postoperative pain after third molar surgery. Journal of Oral
and Maxillofacial Surgery. 2005; 63(8):1162-8

Ong EL, Osborne GA. Ketamine for co-induction of anaesthesia in oral surgery.
Ambulatory Surgery. 2001; 9(3):131-135

Owen H, Kluger MT, lIsley AH, Baldwin AM, Fronsko RR, Plummer JL. The effect of
fentanyl administered epidurally by patient-controlled analgesia, continuous infusion,
or a combined technique of oxyhaemoglobin saturation after abdominal surgery.
Anaesthesia. 1993; 48(1):20-5

Ozgencil E, Yalcin S, Tuna H, Yorukoglu D, Kecik Y. Perioperative administration of
gabapentin 1,200 mg day-1 and pregabalin 300 mg day-1 for pain following lumbar
laminectomy and discectomy: a randomised, double-blinded, placebo-controlled
study. Singapore Medical Journal. 2011; 52(12):883-9

Pacreu S, Fernandez Candil J, Molto L, Carazo J, Fernandez Galinski S. The
perioperative combination of methadone and ketamine reduces post-operative opioid
usage compared with methadone alone. Acta Anaesthesiologica Scandinavica. 2012;
56(10):1250-6

Pandey CK, Karna ST, Tandon M, Pandey VK, Singh A. Comparative evaluation of
prophylactic use of pregabalin, gabapentin and diclofenac sodium for prevention of
succinylcholine-induced myalgia: a randomized, double-blinded study. Journal of
Postgraduate Medicine. 2014; 60(1):16-20

Pandey CK, Navkar DV, Giri PJ, Raza M, Behari S, Singh RB et al. Evaluation of the
optimal preemptive dose of gabapentin for postoperative pain relief after lumbar
diskectomy: a randomized, double-blind, placebo-controlled study. Journal of
Neurosurgical Anesthesiology. 2005; 17(2):65-8

© NICE 2020. All rights reserved. Subject to Notice of rights.

351



Perioperative care: FINAL
References

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

Pandey CK, Priye S, Ambesh SP, Singh S, Singh U, Singh PK. Prophylactic
gabapentin for prevention of postoperative nausea and vomiting in patients
undergoing laparoscopic cholecystectomy: a randomized, double-blind, placebo-
controlled study. Journal of Postgraduate Medicine. 2006; 52(2):97-100

Pandey CK, Priye S, Singh S, Singh U, Singh RB, Singh PK. Preemptive use of
gabapentin significantly decreases postoperative pain and rescue analgesic
requirements in laparoscopic cholecystectomy. Canadian Journal of Anaesthesia.
2004; 51(4):358-63

Pandey CK, Sahay S, Gupta D, Ambesh SP, Singh RB, Raza M et al. Preemptive
gabapentin decreases postoperative pain after lumbar discoidectomy. Canadian
Journal of Anaesthesia. 2004; 51(10):986-9

Pandey CK, Singhal V, Kumar M, Lakra A, Ranjan R, Pal R et al. Gabapentin
provides effective postoperative analgesia whether administered pre-emptively or
post-incision. Canadian Journal of Anaesthesia. 2005; 52(8):827-31

Parikh B, Maliwad J, Shah VR. Preventive analgesia: effect of small dose of ketamine
on morphine requirement after renal surgery. Journal of Anaesthesiology Clinical
Pharmacology. 2011; 27(4):485-8

Paulsen EK, Porter MG, Helmer SD, Linhardt PW, Kliewer ML. Thoracic epidural
versus patient-controlled analgesia in elective bowel resections. American Journal of
Surgery. 2001; 182(6):570-7

Perrin SB, Purcell AN. Intraoperative ketamine may influence persistent pain
following knee arthroplasty under combined general and spinal anaesthesia: a pilot
study. Anaesthesia and Intensive Care. 2009; 37(2):248-53

Perttunen K, Nilsson E, Kalso E. I.V. diclofenac and ketorolac for pain after
thoracoscopic surgery. British Journal of Anaesthesia. 1999; 82(2):221-7

Plunkett A, Haley C, McCoart A, Beltran T, Highland KB, Berry-Caban C et al. A
preliminary examination of the comparative efficacy of intravenous vs oral
acetaminophen in the treatment of perioperative pain. Pain Medicine. 2017,
18(12):2466-2473

Politi JR, Davis RL, 2nd, Matrka AK. Randomized prospective trial comparing the use
of intravenous versus oral acetaminophen in total joint arthroplasty. Journal of
Arthroplasty. 2017; 32(4):1125-1127

Radhakrishnan M, Bithal PK, Chaturvedi A. Effect of preemptive gabapentin on
postoperative pain relief and morphine consumption following lumbar laminectomy
and discectomy: a randomized, double-blinded, placebo-controlled study. Journal of
Neurosurgical Anesthesiology. 2005; 17(3):125-8

Radovanovic D, Radovanovic Z, Skoric-Jokic S, Tatic M, Mandic A, Ivkovic-Kapicl T.
Thoracic epidural versus intravenous patient-controlled analgesia after open
colorectal cancer surgery. Acta Clinica Croatica. 2017; 56(2):244-254

Rauck RL, Raj PP, Knarr DC, Denson DD, Speight KL. Comparison of the efficacy of
epidural morphine given by intermittent injection or continuous infusion for the
management of postoperative pain. Regional Anesthesia. 1994; 19(5):316-24

Reeves M, Lindholm DE, Myles PS, Fletcher H, Hunt JO. Adding ketamine to
morphine for patient-controlled analgesia after major abdominal surgery: a double-
blinded, randomized controlled trial. Anesthesia and Analgesia. 2001; 93(1):116-20

© NICE 2020. All rights reserved. Subject to Notice of rights.

352



Perioperative care: FINAL
References

193.

194,

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

Remerand F, Le Tendre C, Baud A, Couvret C, Pourrat X, Favard L et al. The early
and delayed analgesic effects of ketamine after total hip arthroplasty: a prospective,
randomized, controlled, double-blind study. Anesthesia and Analgesia. 2009;
109(6):1963-71

Reza FM, Zahra F, Esmaeel F, Hossein A. Preemptive analgesic effect of ketamine in
patients undergoing elective cesarean section. Clinical Journal of Pain. 2010;
26(3):223-6

Rothwell MP, Pearson D, Hunter JD, Mitchell PA, Graham-Woollard T, Goodwin L et
al. Oral oxycodone offers equivalent analgesia to intravenous patient-controlled
analgesia after total hip replacement: a randomized, single-centre, non-blinded, non-
inferiority study. British Journal of Anaesthesia. 2011; 106(6):865-872

Routray SS, Pani N, Mishra D, Nayak S. Comparison of pregabalin with gabapentin
as preemptive analgesic in lumbar spine surgery. Journal of Anaesthesiology Clinical
Pharmacology. 2018; 34(2):232-236

Roy YM, Derry S, Moore RA. Single dose oral lumiracoxib for postoperative pain in
adults. Cochrane Database of Systematic Reviews 2010, Issue 7. Art. No.:
CD006865. DOI: 10.1002/14651858.CD006865.pub2.

Royse C, Royse A, Soeding P, Blake D, Pang J. Prospective randomized trial of high
thoracic epidural analgesia for coronary artery bypass surgery. Annals of Thoracic
Surgery. 2003; 75(1):93-100

Roytblat L, Korotkoruchko A, Katz J, Glazer M, Greemberg L, Fisher A. Postoperative
pain: the effect of low-dose ketamine in addition to general anesthesia. Anesthesia
and Analgesia. 1993; 77(6):1161-5

Ruetzler K, Blome CJ, Nabecker S, Makarova N, Fischer H, Rinoesl H et al. A
randomised trial of oral versus intravenous opioids for treatment of pain after cardiac
surgery. Journal of Anesthesia. 2014; 28(4):580-6

Safavi M, Honarmand A, Nematollahy Z. Pre-incisional analgesia with intravenous or
subcutaneous infiltration of ketamine reduces postoperative pain in patients after
open cholecystectomy: a randomized, double-blind, placebo-controlled study. Pain
Medicine. 2011; 12(9):1418-26

Sahin A, Canbay O, Cuhadar A, Celebi N, Aypar U. Bolus ketamine does not
decrease hyperalgesia after remifentanil infusion. Pain Clinic. 2004; 16(4):407-411

Said-Ahmed HAF. Dose ranging study of gabapentin for postoperative pain after
myomectomy. Acta Anaesthesiologica Italica. 2007; 58(1):23-34

Saxton A, Velanovich V. Preoperative frailty and quality of life as predictors of
postoperative complications. Annals of Surgery. 2011; 253(6):1223-9

Senturk M, Ozcan PE, Talu GK, Kiyan E, Camci E, Ozyalcin S et al. The effects of
three different analgesia techniques on long-term postthoracotomy pain. Anesthesia
and Analgesia. 2002; 94(1):11-5

Siddiqui NT, Fischer H, Guerina L, Friedman Z. Effect of a preoperative gabapentin
on postoperative analgesia in patients with inflammatory bowel disease following
major bowel surgery: a randomized, placebo-controlled trial. Pain Practice. 2014,
14(2):132-9

Singh H, Kundra S, Singh RM, Grewal A, Kaul TK, Sood D. Preemptive analgesia
with ketamine for laparoscopic cholecystectomy. Journal of Anaesthesiology Clinical
Pharmacology. 2013; 29(4):478-84

© NICE 2020. All rights reserved. Subject to Notice of rights.

353



Perioperative care: FINAL
References

208.

2009.

210.

211.

212,

213.

214,

215.

216.

217.

218.

219.

220.

Siribumrungwong K, Cheewakidakarn J, Tangtrakulwanich B, Nimmaanrat S.
Comparing parecoxib and ketorolac as preemptive analgesia in patients undergoing
posterior lumbar spinal fusion: a prospective randomized double-blinded placebo-
controlled trial. BMC Musculoskeletal Disorders. 2015; 16:59

Snijdelaar DG, Cornelisse HB, Schmid RL, Katz J. A randomised, controlled study of
peri-operative low dose s(+)-ketamine in combination with postoperative patient-
controlled s(+)-ketamine and morphine after radical prostatectomy. Anaesthesia.
2004; 59(3):222-8

Soltanzadeh M, Ebad A, Pipelzadeh M, Tabatabaei S, Dehghani Firouzabadi M,
Vasigh A et al. Gabapentin may relieve post-coronary artery bypass graft pain: A
double blind randomized clinical trial. Iranian Cardovascular Research Journal. 2011;
5(3):€13826

Song JW, Shim JK, Song Y, Yang SY, Park SJ, Kwak YL. Effect of ketamine as an
adjunct to intravenous patient-controlled analgesia, in patients at high risk of
postoperative nausea and vomiting undergoing lumbar spinal surgery. British Journal
of Anaesthesia. 2013; 111(4):630-5

Song YK, Lee C, Seo DH, Park SN, Moon SY, Park CH. Interaction between
postoperative shivering and hyperalgesia caused by high-dose remifentanil. Korean
Journal of Anesthesiology. 2014; 66(1):44-51

Spreng UJ, Dahl V, Raeder J. Effect of a single dose of pregabalin on post-operative
pain and pre-operative anxiety in patients undergoing discectomy. Acta
Anaesthesiologica Scandinavica. 2011; 55(5):571-6

Srivastava U, Kumar A, Saxena S, Mishra AR, Saraswat N, Mishra S. Effect of
preoperative gabapentin on postoperative pain and tramadol consumption after
minilap open cholecystectomy: a randomized double-blind, placebo-controlled trial.
European Journal of Anaesthesiology. 2010; 27(4):331-5

Steinberg RB, Liu SS, Wu CL, Mackey DC, Grass JA, Ahlen K et al. Comparison of
ropivacaine-fentanyl patient-controlled epidural analgesia with morphine intravenous
patient-controlled analgesia for perioperative analgesia and recovery after open colon
surgery. Journal of Clinical Anesthesia. 2002; 14(8):571-577

Striebel HW, Scheitza W, Philippi W, Behrens U, Toussaint S. Quantifying oral
analgesic consumption using a novel method and comparison with patient-controlled
intravenous analgesic consumption. Anesthesia and Analgesia. 1998; 86(5):1051-3

Stubhaug A, Breivik H, Eide PK, Kreunen M, Foss A. Mapping of punctuate
hyperalgesia around a surgical incision demonstrates that ketamine is a powerful
suppressor of central sensitization to pain following surgery. Acta Anaesthesiologica
Scandinavica. 1997; 41(9):1124-32

Subramaniam K, Akhouri V, Glazer PA, Rachlin J, Kunze L, Cronin M et al. Intra- and
postoperative very low dose intravenous ketamine infusion does not increase pain
relief after major spine surgery in patients with preoperative narcotic analgesic intake.
Pain Medicine. 2011; 12(8):1276-83

Sultan A, McQuay HJ, Moore RA, Derry S. Single dose oral flurbiprofen for acute
postoperative pain in adults. Cochrane Database of Systematic Reviews 2009, Issue
3. Art. No.: CD007358. DOI: 10.1002/14651858.CD007358.pub2.

Sundar AS, Kodali R, Sulaiman S, Ravullapalli H, Karthekeyan R, Vakamudi M. The
effects of preemptive pregabalin on attenuation of stress response to endotracheal

© NICE 2020. All rights reserved. Subject to Notice of rights.

354



Perioperative care: FINAL
References

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

232.

233.

intubation and opioid-sparing effect in patients undergoing off-pump coronary artery
bypass grafting. Annals of Cardiac Anaesthesia. 2012; 15(1):18-25

Suzuki M, Tsueda K, Lansing PS, Tolan MM, Fuhrman TM, Ignacio CI et al. Small-
dose ketamine enhances morphine-induced analgesia after outpatient surgery.
Anesthesia and Analgesia. 1999; 89(1):98-103

Sveticic G, Farzanegan F, Zmoos P, Zmoos S, Eichenberger U, Curatolo M. Is the
combination of morphine with ketamine better than morphine alone for postoperative
intravenous patient-controlled analgesia? Anesthesia and Analgesia. 2008;
106(1):287-93

Syal K, Goma M, Dogra RK, Ohri A, Gupta AK, Goel A. "Protective premedication": a
comparative study of acetaminophen, gabapentin and combination of acetaminophen
with gabapentin for post-operative analgesia. Journal of Anaesthesiology, Clinical
Pharmacology. 2010; 26(4):531-6

Takeda Y, Fukunishi S, Nishio S, Yoshiya S, Hashimoto K, Simura Y. Evaluating the
effect of intravenous acetaminophen in multimodal analgesia after total hip
arthroplasty: A randomized controlled trial. Journal of Arthroplasty. 2019; 34(6):1155-
1161

Tang YY, Lin XM, Huang W, Jiang XQ. Addition of low-dose ketamine to propofol-
fentanyl sedation for gynecologic diagnostic laparoscopy: randomized controlled trial.
Journal of Minimally Invasive Gynecology. 2010; 17(3):325-30

Tagi A, Hong X, Mistraletti G, Stein B, Charlebois P, Carli F. Thoracic epidural
analgesia facilitates the restoration of bowel function and dietary intake in patients
undergoing laparoscopic colon resection using a traditional, nonaccelerated,
perioperative care program. Surgical Endoscopy. 2007; 21(2):247-52

Tarkkila P, Saarnivaara L. Ketoprofen, diclofenac or ketorolac for pain after
tonsillectomy in adults? British Journal of Anaesthesia. 1999; 82(1):56-60

Tarkkila P, Tuominen M, Rosenberg PH. Intravenous ketorolac vs diclofenac for
analgesia after maxillofacial surgery. Canadian Journal of Anaesthesia. 1996;
43(3):216-20

Tenenbein PK, Debrouwere R, Maguire D, Duke PC, Muirhead B, Enns J et al.
Thoracic epidural analgesia improves pulmonary function in patients undergoing
cardiac surgery. Canadian Journal of Anaesthesia. 2008; 55(6):344-50

Tirunagari SK, Derry S, Moore RA, McQuay HJ. Single dose oral etodolac for acute
postoperative pain in adults. Cochrane Database of Systematic Reviews 2009, Issue
3. Art. No.: CD007357. DOI: 10.1002/14651858.CD007357.pub2.

Tsui SL, Lee DK, Ng KF, Chan TY, Chan WS, Lo JW. Epidural infusion of
bupivacaine 0.0625% plus fentanyl 3.3 micrograms/ml provides better postoperative
analgesia than patient-controlled analgesia with intravenous morphine after
gynaecological laparotomy. Anaesthesia and Intensive Care. 1997; 25(5):476-81

Tuncer S, Bariskaner H, Reisli R, Sarkilar G, icekci F, Otelcioglu S. Effect of
gabapentin on postoperative pain: A randomized, placebo-controlled clinical study.
The Pain Clinic. 2005; 17(1):95-99

Turan A, Karamanlioglu B, Memis D, Hamamcioglu MK, Tukenmez B, Pamukcu Z et
al. Analgesic effects of gabapentin after spinal surgery. Anesthesiology. 2004;
100(4):935-8

© NICE 2020. All rights reserved. Subject to Notice of rights.

355



Perioperative care: FINAL
References

234.

235.

236.

237.

238.

239.

240.

241.

242,

243.

244,

245,

246.

247.

Turan A, Karamanlioglu B, Memis D, Usar P, Pamukcu Z, Ture M. The analgesic
effects of gabapentin after total abdominal hysterectomy. Anesthesia and Analgesia.
2004; 98(5):1370-3

Ulm M, Watson CH, EINaggar AC, Tillmanns T, Daily LR. A randomized controlled
trial comparing the efficacy of perioperative celecoxib versus ketorolac for
perioperative pain control. Gynecologic Oncology. 2017; 145(Suppl 1):16-17

Ulm MA, EINaggar AC, Tillmanns TD. Celecoxib versus ketorolac following robotic
hysterectomy for the management of postoperative pain: An open-label randomized
control trial. Gynecologic Oncology. 2018; 151(1):124-128

Unlugenc H, Gunduz M, Ozalevli M, Akman H. A comparative study on the analgesic
effect of tramadol, tramadol plus magnesium, and tramadol plus ketamine for
postoperative pain management after major abdominal surgery. Acta
Anaesthesiologica Scandinavica. 2002; 46(8):1025-30

Unlugenc H, Ozalevli M, Guler T, Isik G. Postoperative pain management with
intravenous patient-controlled morphine: comparison of the effect of adding
magnesium or ketamine. European Journal of Anaesthesiology. 2003; 20(5):416-21

Uribe AA, Arbona FL, Flanigan DC, Kaeding CC, Palettas M, Bergese SD.
Comparing the efficacy of iv ibuprofen and ketorolac in the management of
postoperative pain following arthroscopic knee surgery. A randomized double-blind
active comparator pilot study. Frontiers in Surgery. 2018; 5:59

Vahedi P, Shimia M, Aghamohammadi D, Mohajernezhadfard Z, Shoeibi A, Lotfinia |
et al. Does preemptive gabapentin reduce morphine consumption and remaining leg
pain after lumbar discectomy? Neurosurgery Quarterly. 2011; 21(2):114-120

Waikakul W, Chalachewa T, Tantisirin N, Suranutkarin P-e, Saengpetch N.
Combination of gabapentin and celecoxib for analgesia after major orthopedic
surgery: a randomized, controlled trial. Asian Biomedicine. 2011; 5(1):101-110

Walton GM, Rood JP, Snowdon AT, Rickwood D. Ketorolac and diclofenac for
postoperative pain relief following oral surgery. British Journal of Oral and
Maxillofacial Surgery. 1993; 31(3):158-60

Wasey J, Derry S, Moore R, McQuay H. Single dose oral diflunisal for acute
postoperative pain in adults. Cochrane Database of Systematic Reviews 2010, Issue
4. Art. No.: CD007440. DOI: 10.1002/14651858.CD007440.pub2.

Wattchow DA, De Fontgalland D, Bampton PA, Leach PL, McLaughlin K, Costa M.
Clinical trial: the impact of cyclooxygenase inhibitors on gastrointestinal recovery after
major surgery - a randomized double blind controlled trial of celecoxib or diclofenac
vs. placebo. Alimentary Pharmacology and Therapeutics. 2009; 30(10):987-98

Webb AR, Skinner BS, Leong S, Kolawole H, Crofts T, Taverner M et al. The addition
of a small-dose ketamine infusion to tramadol for postoperative analgesia: a double-
blinded, placebo-controlled, randomized trial after abdominal surgery. Anesthesia and
Analgesia. 2007; 104(4):912-7

Weinbroum AA. A single small dose of postoperative ketamine provides rapid and
sustained improvement in morphine analgesia in the presence of morphine-resistant
pain. Anesthesia and Analgesia. 2003; 96(3):789-95

Wheatley RG, Somerville ID, Sapsford DJ, Jones JG. Postoperative hypoxaemia:
comparison of extradural, i.m. and patient-controlled opioid analgesia. British Journal
of Anaesthesia. 1990; 64(3):267-75

© NICE 2020. All rights reserved. Subject to Notice of rights.

356



Perioperative care: FINAL
References

248.

249,

250.

251.

252.

253.

254,

255.

256.

257.

258.

259.

White PF, Tang J, Wender RH, Zhao M, Time M, Zaentz A et al. The effects of oral
ibuprofen and celecoxib in preventing pain, improving recovery outcomes and patient
satisfaction after ambulatory surgery. Anesthesia and Analgesia. 2011; 112(2):323-9

White PF, Tufanogullari B, Taylor J, Klein K. The effect of pregabalin on preoperative
anxiety and sedation levels: a dose-ranging study. Anesthesia and Analgesia. 2009;
108(4):1140-5

Wilder-Smith OH, Arendt-Nielsen L, Gaumann D, Tassonyi E, Rifat KR. Sensory
changes and pain after abdominal hysterectomy: a comparison of anesthetic
supplementation with fentanyl versus magnesium or ketamine. Anesthesia and
Analgesia. 1998; 86(1):95-101

Wong JO, Tan TD, Cheu NW, Wang YR, Liao CH, Chuang FH et al. Comparison of
the efficacy of parecoxib versus ketorolac combined with morphine on patient-
controlled analgesia for post-cesarean delivery pain management. Acta
Anaesthesiologica Taiwanica 2010; 48(4):174-7

Wongyingsinn M, Baldini G, Stein B, Charlebois P, Liberman S, Carli F. Spinal
analgesia for laparoscopic colonic resection using an enhanced recovery after
surgery programme: better analgesia, but no benefits on postoperative recovery: a
randomized controlled trial. British Journal of Anaesthesia. 2012; 108(5):850-6

Yalcin N, Uzun ST, Reisli R, Borazan H, Otelcioglu S. A comparison of ketamine and
paracetamol for preventing remifentanil induced hyperalgesia in patients undergoing
total abdominal hysterectomy. International Journal of Medical Sciences. 2012,
9(5):327-33

Yamauchi M, Asano M, Watanabe M, Iwasaki S, Furuse S, Namiki A. Continuous
low-dose ketamine improves the analgesic effects of fentanyl patient-controlled
analgesia after cervical spine surgery. Anesthesia and Analgesia. 2008; 107(3):1041-
4

Yeom JH, Chon MS, Jeon WJ, Shim JH. Peri-operative ketamine with the ambulatory
elastometric infusion pump as an adjuvant to manage acute postoperative pain after
spinal fusion in adults: a prospective randomized trial. Korean Journal of
Anesthesiology. 2012; 63(1):54-8

Yucel A, Ozturk E, Aydogan MS, Durmus M, Colak C, Ersoy MO. Effects of 2 different
doses of pregabalin on morphine consumption and pain after abdominal
hysterectomy: a randomized, double-blind clinical trial. Current Therapeutic
Research, Clinical and Experimental. 2011; 72(4):173-83

Zakine J, Samarcq D, Lorne E, Moubarak M, Montravers P, Beloucif S et al.
Postoperative ketamine administration decreases morphine consumption in major
abdominal surgery: a prospective, randomized, double-blind, controlled study.
Anesthesia and Analgesia. 2008; 106(6):1856-61

Zejun N, Wei F, Lin L, He D, Haichen C. Improvement of recovery parameters using
patient-controlled epidural analgesia for video-assisted thoracoscopic surgery
lobectomy in enhanced recovery after surgery: A prospective, randomized single
center study. Thoracic Cancer. 2018; 9(9):1174-1179

Ziyaeifard M, Mehrabanian MJ, Faritus SZ, Khazaei Koohpar M, Ferasatkish R,
Hosseinnejad H et al. Premedication with oral pregabalin for the prevention of acute
postsurgical pain in coronary artery bypass surgery. Anesthesiology and Pain
Medicine. 2015; 5(1):e24837

© NICE 2020. All rights reserved. Subject to Notice of rights.

357



