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ABSTRACT

Background and Objective: In the last decades, in developed countries, spine procedures
(surgical and percutaneous) had the highest absolute increase in case volume trend. Optimal
approach to prevent and treat postoperative pain is continuously evolving. This systematic
literature review presents evidence on safety and efficacy of pharmacological and non-
pharmacological therapies to prevent and treat postoperative pain after lumbar spine

procedures.

Databases and Data Treatment: Publications listed in PUBMED and EMBASE were
considered to identify randomized clinical trials suitable for inclusion in this systematic

review. Key words for literature search were selected, with authors’ agreement, using the

PICOS approach.

Results: Fifty-nine randomized clinical trials (involving a total of 4238 patients, with age
range 18-86 years) published between January 2012 and September 2017 were retrieved.

Data are presented according to the timing of therapy administration.

Conclusion and Recommendations: Clinical evidence on perioperative pain management in
patients undergoing spine procedures have significantly evolved after the review published in
2012. Aim of this systematic review is to report the latest evidence published. These include:
the preoperative use of dexamethasone, that showed to be able to reduce pain at mobilization
but not pain at rest and total morphine consumption; the use of gabapentinoids as part of a

multimodal analgesic approach; safety and effectiveness of intraoperative use of ketamine,
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dexketoprofen, and tramadol. Finally, electrical nerve stimulation is gaining interest and is

potentially suitable for the clinical needs.

Introduction

Spine surgery has had the highest absolute increase in case volume trend in the last decades,
with a 7-fold increase in the USA (from 54,000 in 1993 to > 350,000 in 2007).! This trend in
the 1990-2010 period is related to an “epidemic” of low back pain that —in developed
countries- is among the leading causes of disability-adjusted life-years.>* In up to 80% of
patients undergoing lumbar spine procedures, postoperative pain subsides over the first 3
days after the operation, thus making its prevention and treatment a clinical priority for
anesthesiologists.*® Postoperative pain after spine procedures can be due to intrinsic and
extrinsic mechanisms, which include chronic preoperative root or nerve compression and
inflammation, duration and extent of the procedure, and multiple vertebral levels.”® Clinical
relevance of optimal pain management in these patients is further complicated by the risk of
postoperative worsening of symptoms as consequence of chronic abuse of analgesics.®**
Furthermore, in this setting, postoperative pain control is one of the major determinants of the
quality of health care delivered and it can contribute to improve functional recovery, to
facilitate early mobilization and rehabilitation, and to warrant efficient resource utilization.'*
7 As lumbar surgery procedures continue to grow so will the number of patients suffering
from failed back surgery syndrome.® After the review published in 2012 new evidence have

been reported and should be implemented in the clinical practice.*

This systematic review has been designed to report evidence -from randomized controlled
trials (RCTs), published between January 2012 and September 2017- about safety and

efficacy of pharmacological (systemic and local) and non-pharmacological (electrical
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stimulation) therapies for the prevention and treatment of postoperative pain after lumbar

spine procedures.

Materials and methods

Search strategy: This systematic review was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement
recommendations and the study was registered in the International Prospective Register Of
Systematic Review (PROSPERO registration number: CRD42015017759).2%?! Publications
listed in PUBMED and EMBASE were considered to identify RCTs suitable for inclusion in

this systematic review.??

Key words for literature search were selected, with authors’
agreement, using the PICOS approach: participants, interventions, comparisons, outcomes,
and study design.* The following key words were used: spine surgery AND analgesia;
opioids AND spine surgery; morphine AND spine surgery; analgesics AND spine surgery;
pregabalin gabapentin AND spine surgery; spine procedures AND analgesia, methadone
AND lumbar surgery, nonsteroidal anti-inflammatory drugs AND lumbar surgery, ketamine

AND lumbar surgery, local anesthetics AND lumbar surgery, steroids AND lumbar surgery,

anesthesia AND laminectomy, anesthesia AND discectomy, anesthesia AND spinal fusion.

Study selection and inclusion criteria: Inclusion criteria were: RCTs published
between January 2012 and September 2017 in adult population (older than18 years old) about
analgesia in lumbar spine procedures (i.e. including studies accomplished after both open and
percutaneous procedures, microdiscectomy, percutaneous endoscopic lumbar discectomy,
spine fusion and laminectomy) were included. Only full papers in English language were
considered for eligibility. Abstracts and meeting/symposium proceedings were excluded.

Studies reporting evidence on pharmacological (systemic and local drug administration) and
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non-pharmacological therapies were considered suitable for this systematic review. Studies

related to other forms of postoperative pain (in particular sore throat) were excluded.

Data extraction and data analysis: Three authors (ST, CR and PGS) independently
screened and assessed titles, abstracts and full-text papers to identify eligible articles, with FB
and AP acting as arbiters. Details of study population, type of interventions, outcomes and
other information were extrapolated using standardized data extraction form that included:
study design, eligibility and exclusion criteria, duration of follow-up, randomization,
blinding, number and characteristics of patients, type of surgery, drug dosage and way of
administration. We reported the efficacy of tested analgesic therapy according to the pain
scale adopted in the individual study as primary outcome. Secondary outcomes measures
were related to safety and clinical complications as recorded in the selected clinical trials. We

reported as significant efficacy those treatments that are related to p < 0.05.

Risk of bias: Risk of bias was assessed according to Cochrane Collaboration’s criteria
for RCTs that include 6 types of bias: sequence generation; allocation concealment; blinding
of participants, personnel and outcome assessor; incomplete outcome data; selective outcome
reporting; and “other criteria” that include differences between the study and the control
group in baseline characteristics) and categorized as: high, low or unclear
(http://handbook.cochrane.org). Level of evidence and Class of recommendation were
categorized according to the criteria listed by Oxford center for evidence-based medicine
(OCEBM, http://www.cebm.net/ocebm-levels-of-evidence). In the selected RCTSs, two
approaches have been used to evaluate the severity of postoperative pain: pain-rating scales
and the consumption of opioid/non-opioid analgesics. Pain scales in the RCTs included: VAS
and numerical rating scale (NRS) scored at rest and on movement (with a 0 to 10 mm range:
0 mm-no pain to 10 mm-worst pain imaginable) and questionnaires (McGill Pain). Duration

of follow-up ranged from the immediate postoperative period to 12 months after surgery. As
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secondary outcomes measures, the quality of postoperative sleep, length of hospital stay, and

postoperative nausea and vomit (PONV) were recorded.

Results

Literature search led to retrieve a total of 2426 studies; after the initial screening for
eligibility, 2367 studies were excluded as they did not match the inclusion criteria. A total of
59 RCTs (involving a total of 4238 patients, with age range 18-86 years), were selected and
the risk of bias was evaluated for each study included (Fig. 1 and Table 1). Selected RCTs
were categorized according to the timing of provided therapy into 3 groups: “preoperative
therapies”, when the first dose/treatment was administered between 12 hours before the
surgery and intraoperative patient positioning (23 studies, Table 2); “intraoperative
therapies”, when the first dose/treatment was administered between the end of patient
positioning and the end of the surgery (29 studies, Table 3); and “postoperative therapies”,
when the first dose/treatment was administered after skin closure (7 studies, Table 4). Within
each group, evidence supported by the largest number of studies or by the largest number of

recruited patients, will be presented first.

Preoperative therapies

The 23 RTCs that tested therapies administered in the preoperative period, included: systemic
pharmacological therapies (14 studies),?>*® locoregional therapies (7 studies),**** and

electrical stimulation (2 studies)***’ (Table 2).

Systemic pharmacological therapies: Of the 14 RCTs that evaluated systemic

pharmacological therapies to prevent and treat postoperative pain after lumbar spine

25-31

procedures, pregabalin was tested in 7 RCTs, non-steroidal anti-inflammatory drugs
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(NSAIDs) in 2 RCTs%*** and other drugs (dexamethasone, minocycline, propofol,
sevoflurane, paracetamol, naproxen, ketamine, clonidine) in the remaining 5 RCTs.*® Of
the 7 RCTSs that tested pregabalin, 4 demonstrated that pregabalin alone or in association with
other drugs is more effective than placebo, 1 that it is as effective as placebo and 2 that it is
more effective than morphine in preventing postoperative pain.?>** The 2 RCTs that tested
NSAIDs showed that parecoxib, ketorolac and etoricoxib are more effective than placebo in
preventing postoperative pain.*** Dexamethasone, paracetamol and the combination of
ketamine-clonidine led to positive results on postoperative pain prevention, furthermore
propofol proved to be as effective as sevoflurane, while minocycline use led to controversial

results 3438

Locoregional anesthesia: Of the 7 RCTs that studied drugs locoregionally administered to
prevent and treat postoperative pain after lumbar spine procedures, 4 studies tested the

39-42

combination of bupivacaine with other drugs, while in 2 cases the effectiveness between

epidural and general anesthesia was compared***

and finally in 1 case the efficacy of
ropivacaine was evaluated.*> Of the 4 RCTs that tested bupivacaine, 1 demonstrated that
bupivacaine is able to effectively reduce postoperative pain similarly to levobupivacaine, 1
showed that bupivacaine is more effective when combined to fentanyl and intrathecal
magnesium sulphate (MgSQ,), 1 proved that it is less effective than dexmedetomidine in
reducing pain, and 1 proved the supremacy in postoperative pain prevention when
administered as spinal injection instead of epidural or combined administrations.**** The 2
RCTs that compared epidural and general anesthesia found that epidural anesthesia is the best
43,44

alternative in terms of pain management, surgeons’ and patients’ satisfaction and costs.

Ropivacaine was effective in reducing pain.*
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Non-pharmacological strategies: Two RCTs studied electrical stimulation systems for pain
control, evaluated with visual analog scale (VAS) and verbal rating score (VRS) from 4 to 24
hrs, demonstrating a good efficacy of this technique in the management of postoperative

pain 447

Intraoperative therapies

The 29 RTCs that tested therapies administered during the intraoperative period, included:

48-66

systemic pharmacological therapies (19 studies) and locoregional anesthetic drugs (10

studies)®”"® (Table 3).

Systemic pharmacological therapies: Of the 19 RCTs that studied systemic
pharmacological therapies to prevent and treat postoperative pain after lumbar spine
procedures, 5 studies tested the use of dexmedetomidine,**2 5 the use of ketamine,>*®’ 2 the

use tramadol,*®*° 2 the use of paracetamol,®®®! 2 the use of lidocaine,®*®®

and finally
ketorolac, fentanyl and non-steroidal anti-inflammatory drugs (tenoxicam) were tested in one
study for each.%%® Of the 5 RCTs that tested dexmedetomidine,**>? in 2 cases the use of
dexmetomedine did not guaranteed lower postoperative pain scores but was able to reduce
opioid consumption when compared to placebo or midazolam; in 2 other studies it did not
reduce postoperative pain when compared to the control group, and in 1 it was more effective
than remifentanil in reducing postoperative pain and patient-controlled analgesia (PCA)
consumption. Of the 5 RCTs that tested ketamine,>*® 4 studies proved that this drug can
reduce opioid consumption but not pain scores when compared to placebo, while one study™
found that low dose ketamine has lower pain scores but higher opioid consumption when

compared to fentanyl. The 2 RCTs that tested tramadol, found that it is not able to reduce

pain scores but it is more effective than placebo and less effective than fentanyl in reducing
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opioid consumption.”®*® The 2 RCTs that tested paracetamol, found that it is more effective
than placebo and less effective than dexketoprofen in reducing pain scores.®®®! The RCTs
that tested systemic lidocaine, ketorolac and non-steroidal anti-inflammatory drugs
(tenoxicam) led to controversial results.®**%® Upton et al. found that fentanyl administered
maintaining Analgesia Nociception Index > 50 with boluses of 50 pg (in patients < 50 years)

or 25 pg (in patients > 50 years) was more effective than the “classic” administration.®

Locoregional delivery: Of the 10 RCTs that studied drugs locoregionally administered to
prevent and treat postoperative pain after lumbar spine procedures, 5 tested morphine in

%71 in 2 ropivacaine was tested,”*" in 1

various combinations and dosages,
levobupivacaine,™ in 1 fentanyl”®, and in 1 MgSO. injection.”® Of the 5 RCTSs that tested
morphine, in 4 cases morphine administration led to a reduction of analgesics consumption

67-70 \while Yen et al. found that there is no difference in

when compared to the control group,
opioid consumption between extended release epidural morphine 10 mg and 15 mg."
Ropivacaine effectively reduced pain intensity and proved to be more effective when
combined with dexamethasone caudal than systemic dexamethasone.’*" Levobupivacaine,
epidural fentanyl and MgSO4 injection led to positive results on postoperative pain

prevention and treatment.’*"®

Postoperative therapies

The 7 RTCs that tested therapies administered in the postoperative period, include: systemic

79-82

pharmacological therapies (2 studies),””" local delivery (4 studies)’®*?, and electrical

stimulation (1 study)®® (Table 4).
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Systemic pharmacological therapies: The 2 RCTs that administered a small postoperative
dose of intravenous ketamine evaluated its efficacy and safety compared to other drugs in a
total of 111 patients.””"® Ketamine proved to be more effective than placebo and morphine in

reducing either postoperative pain scores or opioid consumption.

Local delivery: In the 4 RCTs that evaluated the role of locally administered drugs to

prevent and treat postoperative pain after lumbar spine procedures: Singh et al. proved the

superiority of continuous wound infiltration of 0.25% levobupivacaine compared to

continuous epidural infusion of 0.25% levobupivacaine and PCA of 1mg morphine;’® either

epidural steroids, after percutaneous endoscopic lumbar discectomy, or levobupivacaine

combined with tramadol, after lumbar spine surgery, proved to be effective in reducing
.80,81

postoperative pain; controversial results were obtained with postoperative administration

of bupivacaine.®?

Non-pharmacological strategies: In a RCT, that tested various types of trans-cranial current
stimulation (tDCS) therapies, there were reported no differences in PCA morphine

consumption and VVAS at rest and after movement up to 48 hours.®

Discussion

In this systematic review, we report an update on safety and efficacy of pharmacological
(systemic and local) and non-pharmacological (electrical stimulation) therapies for the
prevention and treatment of postoperative pain after lumbar spine procedures. Compared to a
systematic review by Sharma et al.,*® dealing with the same topic and published in 2012, new
evidence has been published: intraoperative infusion of ketamine and paracetamol, whose

effectiveness was controversial, are now established as safe and effective therapies in lumbar
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spine procedures; ketamine, dexketoprofen, and tramadol proved to have their highest
efficacy in the management of postoperative pain as a single postoperative agent;
furthermore, preoperative dexamethasone proved to be associated with a reduction of pain
scores in mobilization and PONV, but not with VAS at rest and total morphine consumption

(Table 5).

The NSAIDs often represent a foundational component of multimodal analgesic
strategies but these results confirmed that their effect on pain management strictly depends on
the single drug used. The choice of the drug to use and the administration depends on several
factors and considerations such as costs, route of administration, risk of complications
including renal toxicity, bleeding risk, and cardiac complications and should be assessed case
by case. Epidural approach provides better early pain control, with less PONV events and
lower request for supplemental analgesics, suggesting that as long as patients are selected
carefully, spinal anesthesia may be a safer and a more economical alternative;*** however,
locoregional anesthesia can be precluded in some cases of coagulopathy.®* In the last years,
authors focused on the use of systemic drugs combinations: our results showed that
gabapentinoids may have their greatest impact as part of a multimodal analgesic approach
and pose the question on the use of analgesic efficacy of pregabalin / gabapentin as a single
drug in the treatment of postoperative pain following lumbar spine procedures, especially in
preemptive approach.”>! As confirmed by a recent meta-analysis studies about the efficacy
of pregabalin to reduce postoperative pain have several limitations (number of studies and
the sample size), and therefore a multicenter RCT is needed to accurately identify the effects
and optimal dose of pregabalin for reducing acute pain after spine surgery.® Differently from
the previous review, preoperative bupivacaine alone proved to be as effective as
levobupivacaine in reducing both opioid consumption and pain scores, and showed to be

more effective when combined with intrathecal MgSO,. The effectiveness of combinative use
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of systemic analgesic has been also confirmed also in a recent meta-analysis on the use of
opioids for the prevention and treatment of pain after spine surgery, that reported how a
combination of acetaminophen with either an NSAID or nefopam is superior to most
analgesics other than morphine used alone, in reducing morphine consumption.®
Furthermore, electrical nerve stimulation has shown to be potentially suitable for the clinical

needs because of its non-invasiveness, low cost, and the absence of side effects.

Limitations: There are several limitations in this study that need to be mentioned.
Firstly, we have not defined, in our search strategy, a minimum number of enrolled patients
in the source studies, differently from the previous systematic review. This may have led to
the inclusion of studies with small number of patients with positive or negative outcomes that
have limited statistical power and/or clinical predictive value. Nevertheless, we considered
important to present the entire systematically retrieved spectrum of trials. To balance this
limitation, we reported the number of studied patients to reflect more accurately the trials’
impact of clinical characteristics and within our outcomes summary (Table 2-4). Other
factors that may have confounded the analgesic outcomes across these trials include: patient’s
individual analgesic preoperative history, type and amount of intraoperative opioids
administered, and variations in the pain score threshold that triggered administration of
rescue analgesic(s). Of interest, selected studies have substantial differences in the methods
used to evaluate the severity of postoperative pain, including the timing and modality of
assessment of the pain- at rest or at movement- as well as differences based on the
intraoperative anesthesia, such as the use of short acting opioids. Despite these limitations
and variations in study design, several new trends and insights have emerged through the 59
selected RCTs. These new information can help in building an evidence-based strategy to

prevent postoperative pain after lumbar spine procedures and to design future trials.
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Conclusions, recommendations and “future directions”

The “ideal” strategy for clinical management of pain after lumbar spine surgery
remains a clinical challenge because of the limitations and potential drawback associated with
single drug therapy. Compared to the review previously published in 2012, this systematic
review reports new insights on safety and efficacy of pharmacological and non-
pharmacological therapies to prevent and treat postoperative pain after spine procedures, and
allows to deliver further evidence-based recommendations. In particular, the preoperative use
of gabapentinoids (as part of a multi-drug approach), or dexamethasone, or electrical
stimulation, are effective and should be implemented in therapeutic protocols dedicated to
prevent postoperative pain (Table 5). Intraoperative systemic injection of low dose ketamine,
or tramadol - when used as single therapy- or the use of NSAIDs (parecoxib, ketorolac and
etoricoxib), paracetamol, locoregional use of epidural morphine, wound infiltration -when
combined in a multidrug/multimodal approach- have a proven analgesic efficacy and
therefore should be considered as part of a therapeutic work-out (Table 5). The intraoperative
systemic infusion of lidocaine is also associated with effective reduction of postoperative

pain, but it remains uncertain the optimal dosing schedule.

In the future, prevention and management of postoperative pain after lumbar spine surgery
will potentially involve the development of new therapies as well as new combinations of
existing drugs. In this context, the use of non-pharmacological therapies, such as electrical
stimulation, have the potential to provide promising results and might have a role in the pre-,

intra- and postoperative settings.
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Table 1. Risk of bias of the studies included.

I.D Sequence | Allocation Blinding of |Incomplete |Selective |Others
generation | Concealment |participants, |outcome outcome |criteria

personnel data reporting

and outcome

assessor
PREOPERATIVE
systemic pharmacological therapies
Qadeer et al® L L L L L U
Gianesello etal”® |L L L L L L
Khuranaetal®” L L L L L L
Choi et al*® L L L L L L
Kumar et al*® L L L U U U
Kim et al* L L H U H U
Garcia et al** L L L U L L
Siribumrungwong |L L L L L L
et al*
Srivastava et al** U L L U U U
Nielsen et al** L L L L L L
Martinez etal® |L L L U L U
Konstantopoulos |L L H L L L
et al®
Polat et al*’ L L L L L L
Nitta et al*® L L L U L L
local delivery
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Attari et al* U L L
Salem et al* U L L
Gurbet et al** L L L
Duger et al* L L H
Vural et al* L L H
Ezhevskaya et al** | L L H
Kang et al®® L L L

non-pharmacological strategie

(2]

Aydoganetal® |L L H

Unterrainer et al*’ |L L U

INTRAOPERATIVE

systemic pharmacological therapies

Naik et al*® L L L
Peng et al* L L L
Hwang et al*® L L U
Bekker et al** L U L
Song et al** L L L
Song et al*® L L L
Yeom et al** L L L
Kim et al®® L L L
Pacreu et al®® L L L
Nielsen et al®’ L L L
Yilmaz et al*® L L L
Lin et al > L L L
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Tunali et al® L L L
Shimia et al** L L L
Dewinteretal®® |L L L
Kim et al®® L L L
Duttchen etal®*  |L L L
Upton et al® L L L
Chang et al®® L L L
local delivery

Diaz et al®’ L L L
Kundra et al®® L L L
Offley et al*® U L H
Wilartratsamiet |L L L
a|70

Yen etal™ L L L
Kalappaetal” |L L L
Kumar et al”® L L H
Servicl-Kuchler et | L L U
a|74

Guilfoyleetal™ |L L L
Demiroglu et al” |U L H

POSTOPERATIVE

systemic pharmacological therapies

Gargetal”’ L L L
Abrishamkar et L L L
a|78
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local delivery

Singh et al” L L L
Shin et al® L L L
Ozyilmazetal®™ |L L L
Choi et al** L L L

non-pharmacological strategies

Dubois et al®® L L L
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Table 2. Summary of the studies in the preoperative analgesia section.

Authors Number of Patients (N) Time of Time Primary Secondary Key message
Tested D / Administration | Observation Endpoint: Endpoint:
ested Lrugs = ) Efficacy Safety
Analgesic Techniques and -
Doses
SYSTEMIC PHARMACOLOGICAL THERAPIES
Pregabalin
N=78 Preoperative Postoperative VAS o Dose No difference in preventing
: ostoperative pain
Qadeeret | o pregabalin 75mg /os: N = 39 | pregabalin or Hours: 24 . C;’SI postoperative p
al.® . gabalin 200mg: N = 39 gabapentinone |\ .k' _Pharmac
week before ' oKinetics
surgery twice ° Side
daily effects
N =60 Preoperative Postoperative VAS scores at | o Dizzines | VAS scores at rest and
Gi " bali los: N = Hours: 1 4. 8 rest and S movement in the first 12 h
|an§6'se 0O |e pregaba !n 300mg/os: N =30 | e 300mg 1 ours: 1,4, 8, movement . PONV were lower in pregabalin
etal. . pregabalin 150mg/os: N = 30 | h before surgery | 12, 24, 48 group
. Postoperative
Postoperative Months: 3, 12

. 150 mg
twice a day for
48 h
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Authors Number of Patients (N) Time of Time Primary Secondary Key message

Tested D / Administration | Observation Endpoint: Endpoint:

ested rugs = e Efficacy Safety

Analgesic Techniques and -

Doses

N =90 Preoperative Postoperative VAS scoreat | PONV . VS score at rest was

. Hours: rest lower in gabapentinoids
Khurana o gabapentin 300mg: N =30 o 1 h before WEr In ganapentinol
27 . groups upto 72 h
etal. 3 pregabalin 75mg/os: N = 30 | surgery 0,3,6,12, 24, :
o o pregabalin at 3
* placebo: N =30 Postoperative 36, 48, 72 months was more effective
Postoperative in reducing pain than
o Every 8 h

for 7 days after
surgery

Days:
7,21,90

gabapentin
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Authors Number of Patients (N) Time of Time Primary Secondary Key message
Tesfiad] B Administration | Observation Enc_lpoint: Endpoint:
Ti= e Efficacy Safety
Analgesic Techniques and -
Doses
N =108 Preoperative Postoperative o VAS PONV lower in | The combination pregabalin /
Choi et balin 150ma/ d h Hours: First 72 score pregabalin / dexamethasone was effective
| 22' € .I b PrlSlgf 3a6|n S0mg/os + * b ?xamet Postoperative o Additio | dexamethasone | in reducing VAS 24 h and 6
al. placebo: IV = ) asone betore Months: 6 nal rescue group months, additional rescue
y pregabalin 150mgfos + anesthesia analgesic analgesic and PONV
dexamethasone 16mg: N = 36 induction lower
o placebo: N = 36 o pregabalin
: 1 h before
surgery
Postoperative
o pregabalin
every 12 h for
three days (8
doses)
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Authors Number of Patients (N) Time of Time Primary Secondary Key message

Tested Druas / Administration | Observation Endpoint: Endpoint:
g (h = hours) Efficacy Safety

Analgesic Techniques and -

Doses

N=75 Preoperative Postoperative o VAS . PONV o Pain scores and
Kumar et | o tramadol 100mg/os: N = 25 | 1 h before Hours: 1,2,4,6 | e rescue | e Drowsin | rescue analgesia were lower
al 2 . reqabalin 150 m /;)S_ N= | surgery analgesia ess in tramadol group

s gios: «  PONVand VAS

scores were lower in
pregabalin group than
placebo group

o placebo: N = 25
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Authors Number of Patients (N) Time of Time Primary Secondary Key message

Administration | Observation Endpoint: Endpoint:
Tested Drugs / ! ! va napoin ndpo
Efficacy Safety
. i (h = hours)
Analgesic Techniques and
Doses
N =80 Preoperative Postoperative Pain scores Major Pain scores were lower at
i . Days: 1,2, 4,7 VAS and complications every time point
Kimetal.®* | o celecoxib 200mg + . 1 hbefore |~ E)DI) P yHmep
pregabalin 75mg/os: N = 40 surgery
. control: N =40 )
Postoperative
. Twice

daily during the
postoperative
period.

J celecoxib
once daily after
surgery.
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Authors Number of Patients (N) Time of Time Primary Secondary Key message
Administration | Observation Endpoint: Endpoint:
Tested Drugs / ! ! va P P
Efficacy Safety
. i (h = hours)
Analgesic Techniques and
Doses
N =22 Preoperative Postoperative o VAS . Major Associated to celecoxib and
. o celecoxib 200mg + Hours: 0, 4, 8, o morphi | complication oxycodone, pregabalin is
g%‘{c'a et pregabalin 75mg/os: N = 10 ;ur or Lhbefore | 15 16, 24, 36 ne . Earlier | more effective than
' . control: N =12 ey requirements | solid food morphine alone in the
Postoperative intake prevention of postoperative
. pain
. twice
daily until
hospital
discharge

non-steroidal anti-inflammatory drugs

Siribumru
ngwong et
al ¥

N =96

o parecoxib 40mg/IV: N = 32
o ketorolac 30mg/IV: N = 32

o placebo: N = 32

Preoperative

o All drugs
30 minutes
before surgery

Postoperative
Hours: 0, 1, 2, 3,
4,6,12,18, 24

VNRS at rest

Complications

Parecoxib was as effective as
ketorolac and both were
more effective than placebo
in preventing postoperative
pain at rest at 24h
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Authors Number of Patients (N) Time of Time Primary Secondary Key message
Administration | Observation Endpoint: Endpoint:
Tested Drugs / .
Efficacy Safety
. i (h = hours)
Analgesic Techniques and
Doses
N =43 Preoperative Postoperative o VAS o Sleep Eterocoxib was more
i o o Hours: First 24 score at rest ° Episodes | effective than placebo in
Str;aasgtava . etor|c0|>.<||g EZZOng/os. N=21|e 1 h before and movement | of respiratory reducing pain at rest and
' ¢ controf: N = SUrgery . fentany | depression movement, and opioid
| consumption | e Episodes consumption, and ensuring
of sedation better night sleep in the first
24h
Other drugs
Nielsen et | N=153 Preoperative Postoperative o VAS PONV 3 Pain scores in
al.* Hours: 2, 4, 8, scores at rest mobilization and PONV
° dexamethasone 16 mg: N.= | o 1 h before 12,24, 48 and in events were lower in
77 surgery S ati
lacebo: N = 76 mobilization dexamethasone group
* placebo- N = . Total . VAS at rest and total
morphine morphine consumption were

consumption

similar
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Authors Number of Patients (N) Time of Time Primary Secondary Key message
Tesfiad] B Administration | Observation Enc_lpoint: Endpoint:
Ti= e Efficacy Safety
Analgesic Techniques and B
Doses
N =85 Preoperative Preoperative NRS at rest Opioid o Minocycline showed
. i _ o Hours: 24 and in consumption in | no efficacy in reducing pain
I\ilalrtalsnez ¢ mlnocyclzllne_100mg. N =43 ;1 bef 100mg 12 Postoperative movement the first 24 h or opioid consumption
etal . placebo: N = 42 efore surgery | iours: 48
Postoperative Postoperative
Months: 3
. 100mg
twice a day for 8
days after surgery
Konstanto | N=70 Preoperative Postoperative VAS at rest PONV There were no significant
poulos et Hours: 0, 3, 6, 24 | and at cough differences in all the
al 3 ° sevoflurane 8%: N = 35 . For parameters
o propofol 2,5 mg/kg IV: N = | induction of
35 anesthesia
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Authors Number of Patients (N) Time of Time Primary Secondary Key message
Tested Drugs / Administration | Observation Enc_lpoint: Endpoint:
(h = hours) Efficacy Safety
Analgesic Techniques and -
Doses
Polat et N=60 Preoperative Postoperative . VAS The . Pain was equally
al ¥ . dium 550 ma/ . Alld Hours: 0,1,2,6, | e tramad | hemodynamic lower in paracetamol and
" o _naprﬁxenhsct’ :';é)m . N”lgz%s S0 it rugs |12 24 ol values, Ramsey | naproxen groups compared
codeine phosphate30 mg: N = . fm'”“ €s consumption | sedation scores, | with control group
. " pa;acetﬁmo;goo m?\l +_ " erore surgery and PONV o tramadol
codeine phosphate 30 mg: N = consumption was lower in
o control: N =20

paracetamol and naproxen
groups compared with
control group, and lower in
paracetamol group than
naproxen group

o No differences in
PONV
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Authors Number of Patients (N) Time of Time Primary Secondary Key message
Admini i i int: int:
Tested Drugs / dministration | Observation Enc_lpomt Endpoint
= ) Efficacy Safety
Analgesic Techniques and -
Doses
N =49 Preoperative Postoperative . VAS . PONV . VAS score at rest in
: . . Hours: First 60 hi
Nitta et o morphine 2mg IV + J clonidine score at rest * . Request morphine group_and
38 - and at of additional morphine ketamine group
al. clonidine 4pg/kg: N =13 4ug/kg before . |
hine 2ma IV + surgery movement analgesia. was lower
; ami molrg g o Cumul o VAS score at
etamine r:_g Intraoperative ative movement had no
; _ mozrp '/T(e /thgNl\_/ IZ 10 morphine differences
etamine mﬁ_ 92 o 5 ; ami (Tg_ requirement . Cumulative morphine
¢ morp !ne mg IViN=1 _e aml_ne unng requirement was lower in
e morphine 2mg IV + lndUtCrt]IOf_‘ MCK group
ketamine 2mg/kg/h + clonidine anestnesia . No differences in
4ug/kg: N =12 . 2mg/kg/h PONV

ketamine during
surgery

LOCAL DELIVERY

Bupivacaine
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Authors Number of Patients (N) Time of Time Primary Secondary Key message
Administration | Observation Endpoint: Endpoint:
st DrUgE h=h Efficpacy SafeFt)y
Analgesic Techniques and (h =hours)
Doses
Attari et N=105 Preoperative Postoperative o Time Complications | e Pain and Total
al.® hvperbaric bubivacai immedi Hours: 2, 4, 6, to complete morphine consumption were
o yperbaric uplvfslcali\e 15 . mmediat 12, 24 recovery of less in MgSO, group
mg + fentanyl 2§ mg I_V. N = 35 ely before the motor function . Time to complete
® hyperbaric bupivacaine 15 correc t . o VAS recovery of motor function
mg + fentanyl 25 mg IV + MgSO, positioning o Total and analgesic requirement
50 mg: N =35 morphine were longer in MgSO4 group
o control: N =35 .
consumption
. Time
of first
analgesic

requirement

This article is protected by copyright. All rights reserved.




Authors Number of Patients (N) Time of Time Primary Secondary Key message
Administration | Observation Endpoint: Endpoint:
st DrUgE Efficacy Safety
. i (h = hours)
Analgesic Techniques and
Doses
Salem et N=52 Immediately Postoperative o Quality | o Patients’ | e ACS and total dose of
al.® . .. _ | before the correct | Hours: 24 of the satisfaction ketorolac were lower in
26 dexmedetomidine 5 ug: N = | pogitioning operative field | ¢ Intraope | dexmedetomidine group
_ with mean rative blood loss | e Surgeons and patients
y control: N =26 ACS score o Surgeon | in dexmedetomidine group
o Total s’ satisfaction were more satisfied with
dose of . Time of | their control of pain
ketorolac first J Time of first
during the first | requirement of | requirement of analgesia was
24 h analgesia longer in dexmedetomidine
postoperativel group
y
N =56 Intraoperative Postoperative o VAS at | First analgesic | o VAS and morphine
) i L Hours: 1, 2, 4,8, | movement and | requirements consumption were similarly
S O it R e R [
' 0T ' : . Morphi compared to the control
. bupivacaine 0.25% 20ml + surgery site ne group
40mg methylprednisolone: N =18 | paravertebral consumption . First analgesic
. placebo: N =19 muscles

requirement was shorter in
control group
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Authors Number of Patients (N) Time of Time Primary Secondary Key message
Administration rvation int: int:
Tested Drugs/ dministratio Observatio Enc_lpomt Endpoint
(= hours) Efficacy Safety
Analgesic Techniques and -
Doses
N =65 Preoperative Postoperative o VAS o Sedation | e VAS score and total
Hours: First 24 i i
Duger et SA' N = 22 Procedures were score scores m_orphl_ne consumption were
al 42 done before J Total . PONV | higher in SA group
' o bupivacaine 0.5% 10mg + surgery morphine and other o Satisfaction scores
o morphine 0.1mg consumption | complications were similarly in EA and CA
isfacti | groups and lower than in SA
EA:N=21 . satisfacti | group
on scores group
J bupivacaine 0.5% 50mg + 3 No differences in
o morphine 2mg; sedation scores and
complications
CA:N=21
o bupivacaine 5mg 0.5% and

morphine 0.05mg in the intrathecal
space

o bupivacaine 0.5% 30mg

o morphine 2mg in the
epidural space.

Epidural versus general anesthesia
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Authors Number of Patients (N) Time of Time Primary Secondary Key message
Tested Drugs / Administration | Observation Enc_lpoint: Endpoint:
= e Efficacy Safety
Analgesic Techniques and -
Doses
Vural et N=66 Preoperative Postoperative o VAS o PONV | In hyperbaric
al.®® ) . Hours:0,1,3,6, |e Reques | o Hospital | bupivacaine group there
en anyh : l;gf_ gl:; =93 . y t supplemental additional dose of fentanyl
. . 50/)_/pNef_fg;C upivacainels Cg:ficonin analgesic intraoperatively request and
mg 0.5%: N = p 9 R Patient higher patients’ satisfaction
satisfaction o PONYV and hospital
o Total length stay were similar
cost J Local analgesia is

more economical
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Authors Number of Patients (N) Time of Time Primary Secondary Key message

Tested D / Administration | Observation Endpoint: Endpoint:

ested Lrugs Ti= e Efficacy Safety

Analgesic Techniques and B

Doses

N =85 Preoperative Postoperative NRS at rest, Opioid . NRS was lower in

Hours: First 36 while turning | analgesics epidural group

Bolus: N =40 . . - . .

Eze?z\ﬁljay u E)efore S'i?":; in bed, while | requirement . No opioid analgesics
' . ropivacaine (0.375% - gery standing, requirement in epidural

0.75% 3-10ml) + fentanyl 100ug Postoperative while group

. fentanyl 0.002 mg/kg/hr + . ] coughing, and

sevoflurane 2 MAC ?ar;a;lgesm of 2-3 while walking

Epidural anesthesia: N = 45

. ropivacaine 0.2%

o fentanyl 2pg/ml

o epinephrine 5/10ml h

o trimeperidine 1V 4-5 mg/hr
Other drugs

N = 66 Preoperative Postoperative ° NRS PONV Pain scores, opioid
K " . e 0.1% 10 ml: N = 20 Hours: 48 ° Opioid consumption and PONV
aligg ¢ ;2 ropivacaine 9.17 10 mi- N = :ninutes before s consumption events were higher in control

' rou
° placebo: N = 34 surgery (PCA and grotp
rescue
analgesia)

NON-PHARMACOLOGICAL STRATEGIES
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Authors Number of Patients (N) Time of Time Primary Secondary Key message
Administration | Observation Endpoint: Endpoint:
LEsEe) IEY = e Efficacy Safety
Analgesic Techniques and -
Doses
N =40 Preoperative Postoperative o VAS . PONV o VAS, VRS and
Avdogan et | e FREMS: N = 20 FREMS was Hours: 24 and verbal and other supplementary analgesics
a|y46 g laceb '.N _20 given in five rating score complications were lower in FREMS group
. [ = . . . .
placebo: sessions ( every (VRS) o Patient | e Patient satisfaction
20-30 minutes) o Supple | satisfaction was higher in FREMS group
and the last mentary o No differences in
session was analgesics PONV
applied just

before surgery

Unterraine
ret al.’

N =35

. TENS: N =17
o placebo: N = 18

Preoperative

. TENS
therapy 30
minutes before
operation

Postoperative

o TENS
therapy 24 h after
surgery

Postoperative
Hours: 24

Postoperative
fatigue

) None

Postoperative fatigue was
less in TENS group
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Table 3. Summary of the studies in the intraoperative analgesia section.

Authors Number of Patients (N) Time of Time of Primary Secondary Key message
Administration (h | Observation | Endpoint Endpoint
Tested Drugs / _(:] I Iét gtlo_ ( P P
= hours; min =
Analgesic Techniques and minutes)
Doses
SYSTEMIC PHARMACOLOGICAL THERAPIES
Dexmedetomidine
Naik et N=131 After Postoperative | o VAS PONV . No differences in
al.”® . transitioning to Hours: . Opioid pain intensity and opioid
° dexmedetomidine 1 ng/kg load | yh0 yone nosition consumption consumption
followed by a continuous infusion of 2,6,and 12 -
0.5 ug/ke/h: N = 63 andstartofthe | " . Dexmedetomidin
> HE % o N < 68 treatment for e group had more PONV
° placeno: = analgesia events
maintenance
Peng et N=60 After transitioning | Time points: | e VRS o Advers | e No differences in
al.* . dexmedetomiding 0.5 to the lateral before . Fentanyl | e events pain intensity, adverse
marka/h + fentanvl 1 m /k.' N = 30 position until the sedation; skin | total consumption | e Postope | events, length of stay and
g’kg yl 2 mgikg. = end of the surgery | incision; 15 rative hospital | satisfaction

midazolam 0.05pg/kg/h +

fentanyl 1 mg/kg: N = 30

minutes after
the beginning
of surgery;
30 minutes
after the
beginning of
surgery; skin

length of stay
. Patients
> satisfaction

o Dexmedetomidin
e group had lower
fentanyl consumption
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closure;

entering the
PACU; 15
minutes in
the PACU 2
h after
surgery; 6 h
after surgery;
12 h after
surgery; 18 h
after surgery;

24 h after
surgery
Hwang et N =37 o TIVA with | Hours Post o VAS PONV Pain intensity, PCA
al.” . . propofol and PACU o Amount of requirement and PONV
* r?mlfentaml 0.01-0.2 remifentanil started | Discharge: 2, | PCA requirement events were lower in
ng/kg/min: N = 18 prior intubation and | 8, 24, 48 dexmedetomidine group

dexmedetomidine 0.01-0.02

pg/kg/min: N =19

discontinued on
completion of skin
closure.

. TIVA with
propofol and
dexmedetomidine
started rior
intubation and
discontinued at the
start of skin closure
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Bekker et | N=54 Infusion begins Postoperative | o NRS Fatigue 3 Dexmedetomidin
al.* before surgery and | Hours: ' '
. dexmedetomidine infusion Jery * Quality of © reduced fatlg.ue and
0.5 ug/ke/h: N = 26 stopped 20 min 24 48 72 96 | rEcovery (QoR40 improved quality of
. He c{(g)ntlrol'_N _ o8 before end of B and FFS) recovery
ST surgery ) No differences in
pain
Song Y et N=105 o 30 min Postoperative | VAS at rest and . Opioid | e Dexmedetomidin
al.” - fore th Hours: with movement i had |
. dexmedetomidine 0.5p1g kg™ before t_e consumption e group had ower
. 1. completion of and rescue of | fentanyl consumprion
i.vand 10 pg kg~: N =53 1,3,6,12, ) )
ostoperativel surgery 2436, 48 anaesthesia and less intense PONV
POsIop y e First4s s e  PONV |events
. control: N =52 . i
hours o No difference in
postoperatively VAS scores
Ketamine
Song JW et | N=49 immediately after | Postoperative | VAS at rest or . Opioid | e Ketamine reduces
al.*® ) induction of Hours: with movement i ioi i
« ketamine03mgkgIve3 | o0 consumption | opioid consumption
mg kg™ in 180 ml: N = 24 6, 12, 24, 36, o
. control: N = 25 and 48 pain intensity and overall
T PONV events
Yeom et N =40 Loading dose with | Postoperative | o NRS score | Side effects Ketamine reduced NRS
al.> . fentanyl 1ug/kg Hours: at rest scores but not the opioid
* ketimllrllel\f(_)g% ml’kg: N =20 and ketamine 0.2 1 24 48 . Total consumption and PONV
* controf- 1 = ng/kg, 1 hour after | = amount of opioid
incision, followed consumption
by PCA infusions.
Kimetal.> | N=52 . ketamine Postoperative | e VAS at . Advers | e Ketamine
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ketamine infusion 1

pg/kg/min following bolus of
0.5mg/kg: N =18

ketamine infusion 2pg/kg/min

following bolus of 0.5mg/kg: N = 17

control: N = 17

infusion following
bolus dose started
before skin incision
intraoperatively

o Continued
until 48 h
postoperatively

Hours:

1,6, 24, 48

rest and with
movement

° Total
amount of
fentanyl
consumption

e effects
° Patients
> satisfaction

2ug/kg/mhad the lower
opioid consumption

J no difference in
pain intensity, adverse
effects or patients’
satisfaction were found

Pacreu et N=20 o ketamine Postoperative | o NRS at Complications | Ketamine reduced opioid
al.®® . i 0.5 mg/kg after Hours: at 24 | rest and on and side consumption but did not
6.5 mg /tztimr:]rzhpgggrﬁ):rgtév;S?Lus tracheal intubation | and 48 movement effects infll_Jenced pain intensity
methadone group: N = 10 o ketarpme * OP'O'd or side effects
. control: N = 10 infusion du_rlng the consumption
post-operative
period (24-48 h
after operation)
o methadone
infusion during the
post-operative
period (24-48 h
after operation)
Nielsen et N=147 S-ketamine bolus Postoperative | o VAS at PONV . Ketamine reduced
al.>’ _ 0.5 mg/kg Hours: up to | rest and opioid consumption
o S-ketamine bolus 0.5 mg/kg . . . .
followed by infusion of S-ketamine :nmdnl}((::ji:)ar:eg after | 24 :novemgntiOi q :/AS ! Nt?) c;g‘rf]e;iréces n
0.25 mg-kg™-h™: N = 74 : Months: 6 P P
anesthesia followed consumption PONV

placebo: N =73

by infusion of S-
ketamine 0.25
mg-kg*-ht

o Back pain at 6
months was higher in
ketamine group
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Tramadol

Yilmazet | N=60 paracetamol Postoperative | VAS scale . Hemod | e No pain
al.”® _ Hours: namic differences
o paracetamol 1g IV: N =30 o 19 30 min o Rescue {, .
i . arameters 3 Analgesic
J tramadol 1.5mg/kg (loading before end of 1,2,4,6,12, | analgesic . .
. o Modifie | consumption was lower
dose) and PCA bolus of 20mg: N = | surgery 24, consumption .
d Aldrete and delayed in tramadol
30 o lgat6h
intervals for 1 day Score grop
' . Ramsay | e PSS was higher in
tramadol Sedation Score | tramadol group
PSS
o bolus dose *
1.5mg/kg in the
reanimation unit
o PCA bolus
of 20mg for 24 h
Linetal® |[N=110 fentanyl or Postoperative | e VAS Complications | e No differences in
tramadol 30 le at rest an incidence in intensi ioi
. fentanyl 1 mg/kg: N = 55 . Hours after scale atrest and pain inte _S'ty’ opioid
minutes before the . on movement consumption
J tramadol 1 mg/kg IV: N =55 extubation: 0, i
expected 2 4 24 48 o Consumpti o Tramadol reduced
extubation 25| onof fentanyl complications incidence
Paracetamol
Tunali et N =56 . paracetamol | Postoperative | o VAS Side effects o Pain scores were
al.® bolus at end of Hours: scores lower in dexketoprofen
* paracetamol 1g: N = 18 surgery and every 6 o Morphine group
. dexketoprofen 50 mg IV: N = 1,2,6,12,24 orp . :
18 h consumption o No differences in

placebo: N =20

o dexketoprof
en at end of surgery

morphine consumption
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and every 8 h

o saline group
at end of surgery
and every 8 h

and side effects

Shimiaet | N=52 3 19 Postoperative | VAS . Opioid | e VAS scores were
al.®* paracetamol at end | Hours: requirement lower in paracetamol
. paratlceltérso_' ;g N =24 of surgery L6 12 18 . Side | group
* control- 1% = . 100ml 2’4 T effects . No differences in
saline solution at morphine consumption
end of surgery and side effects
Lidocaine
Dewinter et | N=69 o lidocaine Postoperative | Opioid . PONV | No differences in all the
al.%? P lus injection of | Hours: up to | consumption arameters
o lidocaine infusion of 1.5mg ?Os:f’gl kJ;-EtA? ° 24 P P ;f stay Length | P
-1 -1, - .
kg™ h™: ,I\I _35_ N = 34 induction of . Quality
* placebo- N = anaesthesia, of life
followed by an
infusion of 1.5mg
kg-1 h-1 which was
continued until six
h after arrival at the
PACU
Kimetal®® | N=51 o lidocaine Postoperative | o VAS score | o Length | Lidocaine reduced pain
. lidocaine infusion followin Infusion was Hours: * Fentanyl | of stay in Intensity, fentanyl
bolus 2ma/ka/h: N = 25 9 | started 248 19 consumption hospital consumption, length of
olus zmg/kg/n: N = preoperatively and P . Patient | hospital stay and
J control: N = 26 24, 48

stopped at the end

satisfaction

guaranteed the best
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of surgery o Side satisfaction scores
o Control effects
group received
saline infusion
Other drugs
Duttchen et | N=50 At the end of the Postoperative | VAS . morphi | There were not
al.® surgery ne usage statistically important
* ketorolac IV 30mg N=25 ( ) parameters between the
¢ At8 two groups, but ketorolac
and 24h 15 mg failed to meet the
(morphine) pre-specified definition
° Up to of non-inferiority
24h (NRS)
Upton et N=50 After anesthetic Postoperative | NRS pain scores | o fentany | The study group had
al.® _ induction N at rest | request lower NRS scores at rest
. F(_antanyl IV (Analgesia Minutes: . nausea | and less nausea events
Nociception Index>50) boluses of 50 from
ug (<50 years) or 25 pg (>50 years)
N=24 0 to 90 of
. control N=26 recovery
room stay
Chang et N =89 . PCA Postoperative | NRS atrestoron | e Morphi | No differences in NRS
al.® . regimen with Hours: movement n scores and total morphine
o morphine 100mg: N = 32 egime! "_V't ¢ . . P
. . morphine; consumption consumption
. tenoxicam 60mg + morphine | | PCA 12, 24, 36, . PCA
100mg: N =29
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o tenoxicam 20mg + tenoxicam | regimen with 48, 72 demand/delive
60mg + morphine 100mg: N = 28 tenoxicam and ry
morphine; o Use of
o tenoxicam rescue
administered 30 analgesics
minutes before o Advers
wound closure in e events
addition to a PCA o Levels
with morphine and of
tenoxicam. inflammatory
mediators in
drainages
LOCAL DELIVERY
Morphine
Diaz et al.®’” | N =201 . Combinatio | Postoperative | e Analgesic | e Functio | e Combination
. i n paste Days: 1,3, 7 | consumption nal scores paste and steroid paste
* Epidural methylprednisolone methylprednisolone | Postoperative | o Pain . Time of | resulted in better pain
80mg: N =51 . ) . . . . .
. and morphine Weeks: 3, 6, | intensity (McGill | ambulation and analgesic
) morphine sulfate 3-5mg: N = R steroid 8,12 Pain o Time to | consumption scores
50 . _ paste Postoperative | Questionnaire) discharge from | e No differences in
* Epidural methylprednisolone methylprednisolone | Months: 6, 12 hospital time of ambulation and
80mg + morphine sulfate 3-5mg: N = . morphine to discharging
48 paste (morphine)
* placebo: N = 52 applied at the end
of surgery in the
epidural space
Kundraet | N =150 . At end of Postoperative | Analgesic . First Group | showed lower
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o 5 x 1cm strip of gelfoam surgery, 5 x 1cm Hours: 24, 48 | consumption analgesic analgesic consumption
soaked in 5mg morphine in epidural | piece of absorbable request
space gelatin sponge o Time of
. control: N = 75 soaked in 5mg ambulation
morphine placed in o Time of
epidural space discharge
o saline from hospital
soaked gelfoam . Advers
placed in epidural e effects
space and 5 mg
morphine installed
over the intact
epidural space
N =98 Atend of surgery, | Postoperative | Total analgesics | Side effects No differences in
EREM was placed | Hours: 6, 12, | requested analgesics consumption
¢ EREM 10mg: N = 51 in epidural space | 18, 24, 36, 48
. EREM 15mg: N =47
Wilartratsa | N =19 Atend of surgery, | Postoperative | Total opioid PONV MMCS reduced
. : MMCS was placed | Hours: 4, 24, | consumption morphine consumption
® morphine Img in MMCS: N on the surface of 48, 72
=9 dural sac
. placebo: N =10
N =32 Atend of surgery, | Postoperative | o Total o PONV | e Morphine group
. intrathecal morphine morphine or_saline Hours: 4, 8, morphine_PCA . Length | had Iower_PCA
3.5ug/kg to a maximum of 350ug: N were placed into 24 consumption in of hospital stay | consumption
~ 18 ' intrathecal space the first 24 hours | o Time of | No differences in
. control: N = 14 o Pain first pain intensity, PONV
' intensity ambulation and length of hospital
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stay

Ka;lzappa et IN=96 After endotracheal | Postoperative | VAS scores The mean VAS was
al. ) ) tube and the patient _ significantly lower in the
. | 0.2% ropivacaine caudal 25 positioning. Hours: 0 rogpivacaine plus
ml: N =32 (after surgery dexamethasone caudal
. dexamethasone IV 8 mg (2 when the group for up to 24 h
ml) + 0.2% ropivacaine caudal 25 patient had when compared to the
ml: N =32 completely other groups.
. 0.2% ropivacaine 25 ml + recovered
dexamethasone caudal 8 mg: N = 32 and regained
consciousnes
s from
general
anesthesia),
1,2,4,8,12,
24
Kumaret |N=60 After the Postoperative | VAS o Time to | Ropivacaine reduced
al.” ) ) administration of Hours: 0, 2, rescue pain intensity, analgesia
* ropivacaine 20 mL: N = 30 general anesthesia | 4, 6, 8, 12, analgesia consumption and PONV
o control: N =30 and . PONV
24 . Egrly
mobilization
Other drugs
Servicl N =68 Atend of surgery, | Postoperative | o VAS o PONV | Levobupivacaine reduced
kuchler et ) ) ) epidural bolus of Days: First5 | e Rescue . Length | pain scores, analgesics
al.” ® Epidural levobupivacaine levobupivacaine postoperative | analgesics of hospital stay | consumption and PONV
0.125% versus saline solution: N = 0.125% and days consumption . Time of | events

33

epidural bolus of
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. control: N =35

saline solution

Postoperative
Hours: every

first defecation

6 hours
Guilfoyle et | N = 60 Before wound Postoperative | VAS scores o Advers | e Epidural fentanyl
al.” . tural fontanol 100ug: N = | 6105976 100kg Hours: 24, 48 e effects reduced VAS up to 24h
2 epicutal fentanyt TUUHE- ™= | fentanyl in 10ml . Length | e No differences in
o saline solution of hospital stay | VAS at 24 to 48 h,
o control: N =31
adverse effects and
length of hospital stay
Demiroglu | N=75 At the stage of Postoperative | o Postoperat | PONV o IM had the lower
76 - . -
. t .
et al . IV MgS0s 50mgrkg: N = 25 suturing Minutes: 5. ive tramaQoI tramadol consumption
consumption o IV and IM
. IM MgSO,50mg/kg: N = 25 15, 30, 45, o
o NRS groups similarly showed
. control: N = 25 and 60
' Hours: 4. 8 less PONV events than
12 ana 2’4’ control group

) No difference in
NRS
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Table 4. Summary of the studies in the postoperative section.

Authors | Number of Patients (N) Time of Time of Primary Secondary Key message
Administration | Observation Outcome Outcome
Tested Drugs/
Analgesic Techniques and
Doses
SYSTEMIC PHARMACOLOGIC THERAPIES
Garget | N=66 Postoperative Postoperative . Pain- o Rescu | Ketamine and
al.” . _ Hours: First 48 | free period e analgesic | dexmedetomidine
o ketamine bolus 0.25mg/kg and o Bolus in P 19
. o NRS requirement | groups showed the
infusion of 0.25 mg/kg/h: N = 22 PACU ) . .
L . scores o Side | longer pain-free period
. dexmedetomldl.ne klolus 0.5 ug/kgand | e _ _Contlnuou offects and the lower pain
infusion of 0,3ug/kg/h: N = 22 s_lnfu3|on for the scores and analgesics
. control: N = 22 first 24 consumption
postoperative
Abrisha | N =45 Postoperative Postoperative o VAS Ketamine reduced pain
mkar et L Hours: Every 6 r intensity and opioid
al.’® . ketamine infusion 0.5 mg/kg/h N =22 | e PACU for first 24 y ico ¢ Morohi consum);/Jtion P
' o control: N =23 ketamine infusion ne rescue P
o PACU

morphine infusion

consumption

LOCAL DELIVERY
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Authors | Number of Patients (N) Time of Time of Primary Secondary Key message
Administration | Observation Outcome Outcome
Tested Drugs /
Analgesic Techniques and
Doses
Singh et | N=75 . Starting Postoperative . VAS at | Postoperative | e Wound
al.” ' ' . morphine infiltrati
. continuous wound infiltration 0.25% immediately after Minutes: 0, 30 rest and on p infiltration group scored
. . the end of the movement . the lowest VAS and
levobupivacaine N=25 _ consumption
i ) . . surgery Hours: 1,6,12, | e PPS PPS values
o continuous epidural infusion 0.25% .
i ) 24, 36, 48 o Morphine
levobupivacaine N=25 )
PCA morphine 1 mg IV N=25 consumption was
* P g similarly lower in
wound infiltration and
epidural infusion
groups than PCA group
Shinet | N=97 . Before Postoperative . Pain Length of Steroid group showed
al % . being taken out | Weeks: 1, 4, intensity (VAS | hospital stay | lower VAS leg and ODI
. trlamc:.nc’i:O_nzg‘rO mg: N =49 from the and 26 leg and back scores and shorter
* control: N = operating room scores) length of hospital stay
o ODI
score
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Authors | Number of Patients (N) Time of Time of Primary Secondary Key message

Administration | Observation Outcome Outcome
Tested Drugs /
Analgesic Techniques and
Doses
Ozyilma | N =80 At end of surgery | Postoperative o Postope | Side effects | TL group reduced
zetal ™ e L Hours: 0, 1, 2, 4, | rative total opioid consumption,
Wound infiltration 8,12, 24 opioid VAS score and side
J levobupivacaine 0.75% 100 mg: n =20 | o levobupiv consumption effects
. tramadol 2mg/kg: n = 20 acaine wound . VAS
. TL 2mg/kg + 100mg: N = 20 infiltration scores
o Control: N = 20 o tramadol
wound infiltration
Choiet | N=38 PACU Postoperative Cumulative The study group did not
al.¥ bubivacaine 0.1% and hvd A Hours: First 48 | opioid effectively reduced
® ugwacame ~170.and hydromorphone consumption opioid consumption
15SpugmL™: N =20
o control: N =18

NON-PHARMACOLOGICAL STRATEGIES

Dubois | N =59 In PACU 20 Postoperative o VAS at No differences in pain
etal® minutes of tDCS | Hours: 24, 48 rest or on intensity and morphine
o Anodal tDCS: N =20 movement consumption
. Cathodal tDCS: N =20 o PCA

° Sham tDCS: N =19 morphine

consumption
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Table 5. Comparison of evidence on pain prevention in patients undergoing lumbar spine

procedures from 2012 and 2017 SRs.

Evidence from Sharma et al. (2012)

Evidence from the present SR

Preoperative

Gabapentinoids: no overall evidence of benefits

Gabapentinoids are effective, especially when
combined to other drugs

NSAIDs: no overall evidence of benefits for
most of the drugs tested

NSAIDs efficacy depends on the tested drug
(in particular parecoxib and etoricoxib
demonstrated to be safe and effective
preventive therapies to control pain)

Dexamethasone: no overall evidence of
benefits

Dexamethasone reduces pain scores on
mobilization and PONV, but not pain at rest
and total morphine consumption

Bupivacaine —used for locoregional, epidural
anesthesia- is effective, especially when
combined to fentanyl or methylprednisolone.

Bupivacaine alone is as effective as
levobupivacaine in reducing both opioids
consumption and pain scores.

Efficacy is further increased when used in
association with MgSO,

N/A

Electrical nerve stimulation is suitable for
postoperative pain prevention (limited
literature)

Intraoperative

Ketamine reduces opioid consumption after
cervical spine procedures (no evidence after
lumbar spine procedures)

Ketamine reduces opioid consumption after
lumbar spine procedures

Paracetamol is effective when combined with
other drugs but has controversial effects when
used as a monotherapy

Paracetamol alone is safe and effective

Regional analgesic

techniques: no overall evidence of benefits

Locoregional anesthesia techniques are safer,
more comfortable and cheaper than systemic
analgesia when patients are selected carefully

Postoperative

Tramadol, administered preoperatively,
effectively reduces opioid consumption at 24h

Tramadol, administered postoperatively, safely
and effectively prevents postoperative pain

N/A

Dexketoprofen is more effective than
paracetamol
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Table 1. Diagram of retrieved studies.

Prevention and treatment of postoperative pain after lumbar spine procedures: a

systematic review.

!

Filters: January 2012 — September 2017; English; Humans, Adults, RCT; Full

papers, no abstracts

Keywords:

Neuroanesthesia, postoperative pain, prevention,
treatment, lumbar surgery, spine procedures, electrical

stimulation therapies, local analgesia, general

321 articles:

-Duplicates
-Comments
-Retrospective
-Observational
-Prospective

-Cohort

anesthesia.
PUBMED, EMBASE: A
2426 articles articles:
-Other surgery
-Different
‘ EXCLUDED analgesia
-Not humans
3Baiiies -Pediatrics
-EXCLUDED
-Not English
-Review
Only abstracts
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