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Abstract \
Patients undergoing spinal surgery are at high risk of acute and persistent postoperative pain. Therefore, adequate pain relief is crucial.
This systematic review aimed to provide answers about best-proven postoperative analgesic treatment for patients undergoing lumbar 1-
or 2-level fusions for degenerative spine diseases. We performed a search in PubMed, Embase, and The Cochrane Library for
randomized controlled trials. The primary outcome was opioid consumption after 24 hours postoperatively. We performed meta-
analyses, trial sequential analyses, and Grading of Recommendations assessment to accommodate systematic errors. Forty-four
randomized controlled trials were included with 2983 participants. Five subgroups emerged: nonsteroidal anti-inflammatory drugs
(NSAIDs), epidural, ketamine, local infiltration analgesia, and intrathecal morphine. The results showed a significant reduction in opioid
consumption for treatment with NSAID (P < 0.0008) and epidural (P < 0.0006) (predefined minimal clinical relevance of 10 mg).
Concerning secondary outcomes, significant reductions in pain scores were detected after 6 hours at rest (NSAID [P < 0.0001] and
intrathecal morphine [P < 0.0001]), 6 hours during mobilization (intrathecal morphine [P = 0.003]), 24 hours at rest (epidural [P <
0.00001] and ketamine [P < 0.00001]), and 24 hours during mobilization (intrathecal morphine [P = 0.083]). The effect of wound infiltration
was nonsignificant. The quality of evidence was low to very low for most trials. The results from this systematic review showed that some
analgesic interventions have the capability to reduce opioid consumption compared with control groups. However, because of the high
risk of bias and low evidence, it was impossible to recommend a “gold standard” for the analgesic treatment after 1- or 2-level spinal

fusion surgery.
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1. Introduction

Multimodal or balanced analgesia continues to be the leading
treatment principle for managing postoperative pain.®! The main
concern is to achieve better pain treatment through additive or
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synergistic effects of several nonopioids, thereby reducing the
need for postoperative opioid treatment and opioid-related
adverse events such as nausea and vomiting.®*3°

Postoperative pain management remains a significant clinical
challenge mirroring the lack of knowledge and documentation
regarding the effects of most combinations of analgesics.'®'”

A commonly performed orthopedic procedure, with increasing
rates worldwide (increase of 118% in the United States between 1998
and 2014), is 1- or 2-level spinal fusion surgery.® Patients undergoing
this procedure are at a high risk of acute and persistent postoperative
pain, development of postoperative hyperalgesia, and possibly opioid
tolerance followed by excessive and continuous use of opioids.*®"
Furthermore, postoperative pain often negatively influences the
patients’ mobility, resulting in delayed recovery and rehabilitation.
These patients often receive preoperative opioid treatment, making
postoperative pain treatment difficult to manage.*®

Adequate postoperative pain relief improves patient satisfac-
tion and patients’ perception of the quality of their hospital stay,
and it facilitates early mobilization and optimal rehabilitation, 353
However, there is a lack of consensus regarding the “gold
standard” of the postoperative pain treatment strategy in patients
undergoing 1- or 2-level lumbar spinal fusion procedures.*4”
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Therefore, this systematic review aims to investigate whether
the existing literature contains evidence concerning procedure-
specific, medication-based interventions for 1- or 2-level spinal
fusion surgery.

2. Methods

This review follows the methodology recommended by the
Cochrane Collaboration. We performed this systematic review
according to the Preferred Reporting ltems for Systematic
reviews and Meta-Analyses guidelines.*® Before performing the
literature search, we registered the protocol at PROSPERO, the
international prospective register of systematic reviews on July
26, 2020, registration number: CRD42020192899.

We designed a broad search string, including MeSH and All
fields terms, in collaboration with a professional search co-
ordinator to avoid overlooking relevant trials (Appendix 1, avail-
able at http://links.lww.com/PR9/A157). Because there was a
change in MESH terms after 1988, we only included trials
published after 1988. We searched the following databases:
PubMed, Embase, and The Cochrane Library (Appendix 1,
available at http://links.lww.com/PR9/A157). The last search was
onJanuary 18, 2021. We searched published systematic reviews
and articles by hand for eligible trials and screened The
PROSPECT Database® and reference lists from relevant reviews.
We detected nonindexed journals and their published articles by
searching Google Scholar.

We included RCTs comparing the postoperative effect of a
perioperative analgesic intervention for 1- or 2-level spinal fusion
surgery against a control group. The analgesic intervention had to
be initiated in the immediate perioperative period, and trials had to
report at least one of the predefined endpoints. Exclusion criteria
were abstracts, unpublished observations, quasi-randomized
and observational studies, trials not written in English, trials not
dealing with spinal fusion surgery, fusions performed on scoliosis,
tumors or trauma and more than 2 levels, age <18 years, trials
published before 1988, as well as editorials, letters, protocol
articles, and comments.

Two authors screened titles and abstracts for eligibility using
the predefined inclusion and exclusion criteria.

The primary endpoint was the opioid-sparing effect of the
active interventions within O to 24 hours postoperatively.
Secondary endpoints were pain at rest and during mobilization
at 6 and 24 hours postoperatively, opioid-related adverse effects,
serious adverse events (SAEs), and length of stay (LOS).

Six authors extracted the data, assessed the full texts
independently, and compared their findings afterward. We
managed and compared risk of bias using Covidence (Covidence
systematic review software; Veritas Health Innovation, Mel-
bourne, Australia). We resolved disagreements by consensus.

We contacted the corresponding author for the trial by email to
confirm or obtain data if data were missing, or we classified bias
evaluation as unclear in one or more domains. We contacted the
authors again after 2 weeks if they had not responded to our initial
contact. We used open questions to prevent false confirmation of
suggested measures in the answers.

We converted opioid consumption to intravenous (i.v.)
morphine equivalents (Appendix 2, available at http://links.lww.
com/PR9/A157) and pain scores, such as visual analog scale
(VAS) 0 to 10 and numerical rating scale (NRS) 0 to 10, toa 0 to
100 VAS scale. For trials with several treatment arms, we
combined mean values and SDs in the intervention groups.?®
Furthermore, we converted median and interquartile range values
to mean and SDs using the method described by Hozo et al.?® We
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calculated the risk ratio (RR) with a 95% confidence interval (Cl) for
dichotomous data.

Two authors performed bias assessment by using Cochrane’s
7-step risk of bias tool.?°

2.1. Statistical analyses

We performed meta-analyses and sensitivity analyses using
Review Manager provided by Cochrane (RevMan version 5.4.1)
whenever 3 or more trials reported the preplanned outcomes for
continuous data regarding pain, opioid consumption, and post-
operative nausea and vomiting (PONV). For the overall assess-
ment of overall significance, we used the procedure suggested by
Jakobsen et al.%° We applied the trial sequential analysis (TSA)
(computer program) version 0.9.5.10 Beta (Copenhagen Trial
Unit, Center for Clinical Intervention Research, Rigshospitalet,
Copenhagen, Denmark).”®

We assessed the heterogeneity between trials by /2, which
quantifies the observed differences and D? for information size
adjustments in the trial sequential analyses.”® Additionally, we
inspected the forest plots visually for statistical heterogeneity.

We used sensitivity analyses to explore whether the choice of
summary statistics and choices made through the review
process, such as selection of event category, were critical for
the conclusions of the meta-analysis. To control for random
errors, we performed TSA for the primary and secondary
outcomes dealing with pain intensity, and we calculated and
visualized the diversity-adjusted required information size (DARIS)
and the cumulative Z-curve. It was not possible to perform TSA if
the accrued information size was <5% or the data were
insufficient. We calculated RR for dichotomous data in the
presence of interventions of 3 or more trials, with a 95% CI. We
considered in both dichotomous and continuous data that, P
<0.05 was statistically significant. We performed funnel plots if 10
or more trials were included in the meta-analysis and assessed
the presence of heterogeneity by using the magnitude by /Z and
forest plots.?”

To detect a minimal clinical relevant effect, we chose to detect
even a small beneficial effect. Therefore, a mean difference was
set to 10 mg morphine i.v. equivalents per 24 hours for opioid
consumption and 10 mm on a VAS (0-100 mm) scale for pain
scores at 6 and 24 hours,*?°

We used Grading of Recommendations, Assessment, De-
velopment, and Evaluation (GRADEpro GDT) to assess the
certainty of evidence.?>

3. Results

From the literature search, we identified 25,001 trials. First,
Covidence removed 4239 duplicates, and after the abstract and
full-text screening, we removed 20,080 trials. Furthermore, we
excluded trials dealing with spine surgery not related to spinal fusion,
409 trials were full-text screened, ending up with a total exclusion of
364 trials. Hence, 44 trials remained for the final data extraction
randomizing 2083 panicipants‘l—Sﬁ—?,ﬂ 1-15,18,19,21,22,24,25,29,32,33,
38-41,43,44,52,53,55-57,569-62,64-66,68,69,71-74 (Flg 1)

For subgroup analyses, we identified 5 groups, which included 3 or
more trials: nonsteroidal anti-inflammatory drugs (NSAIDs), 25596271
epidural analgesia,>”2'2° ketamine infusion, 2441586486 ||
infiltration analgesia,®244®" and intrathecal (i.t.) morphine. 146874
The remaining Studiesﬁ,18,15,18,19,25,29,38,3&40,43,52,56,57,65,69,72,73
reported 12 different interventions, including 4 studies that
reported on pregabalin but did not have comparable outcomes.
For baseline variables, see Table 1.
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Of the included 44 trials, 38 contained one or more unclear
domains, which we addressed by emailing the corresponding
authors twice. However, in 6 trials, the corresponding author had
left no email address, and 7 email addresses were out of order.
Finally, 3 authors answered our questions.

The summarized bias was high in 11, unclearin 26, andlowin 7
trials (Fig. 2). Regarding the trial sample size, 32 trials implicated
moderate risk of bias and 13 trials implicated high risk of bias.

We changed the original plan to use the most conservative
effect estimate regarding random or fixed effect when performing
TSA when inspecting the data because considerable heteroge-
neity was detected between the studies. Therefore, we chose
random-effects models to accommodate that.

3.1. Supplemental analgesics

Fifteen trials reported that patients postoperatively were provided
with patient-controlled analgesia with morphine, and in 6 cases,
the morphine was solely administrated as i.v. or s.c. In 22 cases,
patients had a patient-controlled analgesia device with hydro-
morphone, oxycodone, meperidine, piritramide, sufentanil, pir-
imidine, or fentanyl. In one study, the patients had flurbiprofen at
request. Thirty-five trials reported total opioid consumption but
not all after 24 + 4 hours postoperatively.

Regarding the primary analgesic treatment provided for the
patients postoperatively, 14 trials administrated acetaminophen
as i.v. or orally, 8 trials administrated different kinds of NSAIDs, 4
studies administrated pregabalin or gabapentin, 3 trials used
other analgesics. In 7 trials, they combined analgesics, eg,
acetaminophen and ketorolac or pregabalin.
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3.2. Pain ratings

The majority of the included studies used NRS (0-10, O is no pain,
and 10 is worst imaginable pain) or VAS (0-10 cm, or 0-100 mm,
where 0 is no pain and 10/100 is the worst imaginable pain.
Thirty-one trials reported pain at rest at 6 £2 hours ranging from
VAS 14-63 mm, mean 33 mm for intervention groups, and VAS
15-69 mm, mean 45 mm for control groups. Thirty-eight studies
reported pain at rest after 24 *4 hours ranging from VAS
6-53 mm, mean 31 mm for intervention groups and 14-57 mm,
mean 39 mm for control groups. For pain during mobilization at 6
hours, 8 studies reported on VAS outcomes ranging from 17 to
71 mm, mean 46 mm for interventions and VAS 32-79 mm, mean
57 mm for control groups. Pain during mobilization was reported
after 24 hours postoperatively by 12 studies, with VAS ranging
from 12 to 69 mm, mean 42 mm for intervention groups and 15 to
80 mm, mean 46 mm for control groups (Table 1).

3.3. Adverse events and other outcomes

Twenty-nine trials included patients with chronic pain and daily
opioid consumption, 13 trials accepted pain but excluded
preoperatively opioid consumption, 2 trials did not mention
preoperatively pain or opioid consumption.

Twelve trials reported on LOS. PONV were reported in 20 trials,
also separately as nausea (16 trials) and vomiting (7 trials).
Dizziness, sedation, and pruritus were reported in 10, 9, and 11
trials, respectively. Furthermore, headache, shivering, paresthe-
sia, hematoma, infection, hallucinations, visual disturbance,
confusion, urine retention, and constipation were reported. None
of the studies reported SAE.

3.4. Subgroup analysis

3.4.1. Nonsteroidal anti-inflammatory drugs

Eight trials reported on NSAIDs as an intervention,8:40:55.57.59.62.71

3 studies in combination with other analgesics.®®“%®" The risk of
bias for all trials was low in one trial, unclear in 5 trials, and high in 2
trials (Fig. 2).

3.4.2. Opioid consumption 0 to 24 hours

Three trials reported O- to 24-hour opioid consumption®°°€2 (Fig. 3).
The meta-analysis reported a significant reduction in opioid
consumption of 35.7 mg i.v. (95% Cl: 15-57 mg/24 hours), with
large heterogeneity (° = 92%). Trial sequential analysis showed that
neither the required information size nor the DARIS was crossed or
reached (Appendix 3, available at http://links.lww.com/PR9/A157).
The quality of evidence (GRADE) was very low (Table 2).

3.4.3. Pain at rest after 6 hours

Four trials reported on NSAIDs and postoperative pain at rest after 6
+ 2 hours.®%9%271 The meta-analysis found a significant reduction
of 12 mm in mean VAS score (95% Cl: 6-17.5). Heterogeneity was
moderate /> = 65% (Appendix 4, available at http://links.iww.com/
PR9/A157). Trial sequential analysis showed that the required
information size was not reached, but the DARIS line was crossed
(Appendix 3, available at http://links.;mww.com/PR9/A157). The
quality of evidence (GRADE) was very low (Table 2).

3.4.4. Pain at rest after 24 hours

Three trials reported on NSAIDs and postoperative pain at rest
after 24 = 4 hours.5%%%"" The meta-analysis found a
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Study information.

Author

Basic analgesic regimen all
groups

Type of supplemental
analgesics

Analgesics in intervention and control groups
Type, dose, volume, time points, and type of
administration

Abrishamkar, 2012

Routine analgesic protocol

Morphine s.c. VAS > 4

1: (0 = 22) ketamine 0.5 mg/kg/h i.v.
Control: (n = 23) morphine s.c.

Aglio, 2018

None

Hydromorphone i.v.

1: (n = 33) hydromorphone 0.5 mg; epidural preoperatively
2: (n = 34) bupivacaine 31.25 mg and hydromorphone 0.5 mg;
epidural preoperatively

Control: (n = 32) saline 10 mL; epidural preoperatively

Aubrun, 2000 Propacetamol 2 g p.o. every 6 Morphine i.v. 1: (n = 25) ketaprofen 100 mg i.v. at the end of surgical
hours. procedure
Control: (n = 25) dextrose
Brinck, 2020 i.v. paracetamol PCA oxycodone 1: (n = 65) ketamine bolus pre-incisional (0.5 mg/kg), followed
by S-ketamine infusion of 0.12 mg/kg/h
2: (n = 62) ketamine bolus pre-incisional (0.5 mg/kg), followed
by S-ketamine infusion of 0.6 mg/kg/h
Control: (n = 62) matching saline pre-incisional
Brown, 2018 PCA morphine 1: (n = 24) liposomal bupivacaine 266 mg, 60 mL before wound
closure; local anaesthetic
Control: (n = 26) saline 60 mL before wound closure; local
anaesthetic
Choi, 2014 Premedicated with PCA hydromorphone 1. (n = 20) hydromorphone + bupivacaine 0.6 mg bolus
acetaminophen 1,000 mg and (hydromorphone) Bupi + hydromorphone 15 g 6 mL/h 0.1%;
gabapentin 600 mg PO epidural at PACU
After surgery, acetaminophen Control: (n = 18) matching saline; epidural at PACU
1,000 mg every 6 hours and oral
gabapentin 200 mg every 8 hours.
Dehkordy, 2020 Paracetamol 1 gr PCA morphine per 1: (n = 40) magnesium i.v. 50 mg/kg bolus followed by a

demand meperidine 50
mg rescue agent

continuous 15 mg/kg/h infusion. Before induction + during
surgery
Control: (n = 40) matching saline

Dhaliwal, 2019

Acetaminophen, oxycodone,
codein, morphine i.v.

PCA morphine

1: (n = 74) morphine 0.2 mg, 0.4 mL saline before wound
closure; spinal
Control: (n = 76) matching saline

Firouzian, 2018

None

PCA morphine

1: (n = 40) naloxone 20 g + morphine 0.2 mg i.t.; end of
surgery
Control: (n = 37) morphine 0.2 mg i.t.; end of surgery

France, 1997

None

PCA opioids

1: (n = 42) duramorph injection 0.011 mg/kg; 30 minutes
before surgery
Control: (n = 26) matching saline

Fujita, 2016

Indomethacin sup. (50 mg, first
choice) pentazocine hydrochloride
(15 mg IM, second choice)

PCA morphine

1. (n = 30) pregabalin 75 mg, 2 hours Prior to surgery
2: (n = 30) pregabalin 150 mg, 2 hours before surgery
Control: (n = 29) diazepam 5 mg, 2 hours before surgery

Ghabach, 2019

Paracetamol 1 g every 8 hours
and ketoprofen 50 mg every 12
hours i.v.

Sufentanil i.v. 5 mg to
reach a VAS score <4
Meperidine 50 mg IM

(VAS score 4).

1: (n = 14) ropivacaine 0.5% 10 mL before wound closure;
sponge
Control: (n = 16) saline 10 mL before wound closure sponge

Ghamry, 2019 Paracetamol i.v. 1 g per 6 hours, Morphine 0.1 mg/kg i.v. 1: (n = 30) bupivacaine 0.25%, 20 mL erector spinae block
Ketorolac 30 mg loading dose (VAS >30) Control: (n = 30) none
then 15 mg per 8 hours.
Gottschalk, 2004 None PCA pirimidine 1: (n = 13) ropivacaine 0.1% 12 mL/hr during surgery; epidural
postoperatively
Control: (n = 13) matching saline; epidural postoperatively
Greze, 2017 Acetaminophen (1 g x 4 daily), PCA morphine 1: (n = 19) ropivacaine 10 mL bolus + 8 mL/h for 48 hours; end
ketoprofen (100 mg x 2 daily) of surgery; wound infiltration
nefopam (20 mg x 4 daily) Control: matching saline; wound infiltration
Hadi, 2010 None PCA morphine 1: (n = 15) ketamine i.v. 1 wg/kg/min; during surgery
Control: (n = 15) none
Marti/Hernandez-Palazon, 2001 None PCA morphine 1: (n = 21) propacetamol 2 g i.v. every 6 hours; during a period

of 72 hours.
Control: (n = 21) matching saline

Ibrahim, 2018

Ketorolac 30 mg i.v. and
paracetamol 1 g injection for 8
hours

Morphine i.v. VAS was
=4, or by request

1: (n = 20) lidocaine i.v. loading before incision then 3 mg/kg/h;
during surgery
Control: (n = 20) matching saline

(continued on next page)
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Table 1 (continuea

Study information.

Author

Basic analgesic regimen all

Type of supplemental

Analgesics in intervention and control groups

groups analgesics Type, dose, volume, time points, and type of
administration
Kang, 2013 None PCA fentanyl 1: (n = 32) ropivacaine 0.1% 10 mL 20 minutes; before skin

incision; epidural
Control: (n = 34) matching saline

Kawamata, 2005

Pre-med: 3 mg i.m. midazolam.
Post-med: 200 g i.v.
buprenorphine at 1 mL/h rate s.c.

Flurbiprofen 50 mg i.v.

1: (n = 16) buprenorphine 1.2 + 1 mg droperidol, total 48 mL, 1
mL/h for 48 hours after surgery; continuous s.c. infusion
Control: (n = 17) buprenorphine 0.6 mg + droperidol 1 mg,
total 48 mL, 1 mL/h for 48 hours after surgery continuous s.c.
infusion

Kien, 2019 None Morphine 2 mg every 3 1: (n = 30) pregabalin 150 mg P.0., celecoxib 200 mg P.0., 2
minutes Until VAS <4 hours before surgery
PCA morphine rescue Control: (n = 30) placebo
analgesia with fentanyl
Kim, 2011 None PCA fentanyl ketorolac 1: (n = 18) pregabalin 75 mg P.0. 1 hour before surgery
120 mg, ketorolac 30 mg 2. (n = 17) pregabalin 50 mg P.0. 1 hour before surgery
i.v. VAS >5 Control: (n = 17) placebo
Kim, 2013 Ketorolac 30 mg i.v. 10 minutes i.v. morphine 1: (n = 32) ketamine i.v. infusion of 1 w.g/kg/min after bolus 0.5
before skin closure ma/kg, before skin incision + continued 48 hours
postoperatively
2: (n = 32) ketamine 2 w.g/kg/min after bolus 0.5 mg/kg before
skin incision + continued 48 hours postoperatively
Control: (n = 32) matching saline
Kim, 2016 None PCA morphine 1: (n = 40) celecoxib 200 mg, pregabalin 75 mg,
acetaminophen 500 mg, extended-release oxycodone 10 mg 1
hour preop + twice daily
Control: (n = 40) morphine i.v.
Levaux, 2003 Piritramide just before wound PCA piritramide 1: (n = 12) magnesium 50 mg/kg i.v. preoperatively

closure

1 mg piritramide bolus
until pain free in

Control: (n = 12) saline i.v. preoperatively

emergence
Li, 2019 Ropivacaine 0.5% 20 mL 5 PCA morphine 1: (n = 29) dexmedetomidine 20 mL, 0.5% ropivacaine 1 wg/kg
minutes Before incision dexmedetomidine 5 minutes before incision
Control: (n = 28) 20 mL 0.5% ropivacaine 5 minutes before
incision
0Oh, 2019 None PCA fentanyl 1: (n = 43) rocuronium 2 mg/mL diluted in 0.9% isotonic saline
Hydromorphone 6 mg and started at 15 mL/hr
and nefopam 100 mg Control: (n = 40) none
Pinar, 2017 Lyrica 150 mg PCA morphine 1: (n = 21) pregabalin 150 mg 1 hour preop and ibuprofen 300
Preop mg 30 minutes preoperatively
PCM 1 g i.v. per 6 hours Control: (n = 21) pregabalin 150 mg 1 hour preoperatively
Quinlan, 2017 None Hydromorphone i.v. 1:(n = 74) 1 L of crushed ice every 4 hours postoperatively
applied to the lower back for 20 minutes
Control: (n = 74) none
Raja, 2019 Paracetamol 1 g i.v., PCA morphine 1. Paracetamol 1 g, ketorolac 20 mg, pregebalin 75 mg P.0. 4

dexamethasone 8 mg i.v. after
skin incision; postop: paracetamol
1 gi.v. every 6 hours, ketorolac 30
mg every 8 hours, pregabalin P.0.
75 mg

hours before surgery
Control: (n = 50) none

Reuben, 2006

None

PCA, morphine

1: (n = 20) celecoxib 400 mg + placebo capsule, 1 hour before
induction; celecoxib 200 mg + placebo capsules, 12 hours after
surgery.

2: (n = 20) pregabalin 150 mg + placebo capsules, 1 hour
before induction; pregabalin 150 mg + placebo capsules, 12
hours after surgery

3: (n = 20) celecoxib 400 mg + pregabalin 150 mg 1 hour
before induction; celecoxib 200 mg + pregabalin 150 mg, 12
hours after surgery

Control: (n = 20) matching placebo capsula

Servicl-kuchler, 2014

Metamizole 2.5 g per 12 hours

PCA piritramide
piritramide 3 mg i.v., VAS
>4

1: (n = 25) levobupivacaine

0.125% 0.1 mL/kg/h after wound closure; epidural
postoperatively

Control: (n = 25) matching saline postoperatively

(continued on next page)
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Table 1 (continuea

Study information.
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Author

Basic analgesic regimen all
groups

Type of supplemental
analgesics

Analgesics in intervention and control groups
Type, dose, volume, time points, and type of
administration

Singhatanadgige, 2020 Celecoxib 400 mg pregabalin 75 PCA morphine 1. (n = 40) bupivacaine 0.5%, 92.5 mg. (18.5 mL), ketorolac 30
mg, paracetamol 500 mg mg (1 mL), morphine 5 mg(0.5 mL), and epinephrine 0.5 mg (0.5
mL); end of surgery; wound infiltration
Control: (n = 40) bupivacain, ketorolac, epinephrine; end of
surgery; wound infiltration
Siribumrungwong, 2015 Paracetamol 500 mg P.0. i.v. morphine 1: (n = 32) parecoxib 40 mg i.v. 30 minutes before surgery

2: (n = 32) keterolac 30 mg i.v. 30 minutes before surgery
Control: (n = 32) matching saline

Song, 2013 None Fentanyl 0.5 wg/kg i.v. 1: (n = 24) ketamine 0.3 mg/kg before surgery +3 mg/kg
20 minutes before wound mixed to i.v. PCA on demand in PACU, after induction +
closure +2 mL/hr; postoperatively
fentanyl i.v. Control: (n = 25) matching saline
postoperatively; postop:

PCA fentanyl (2 mL on
demand) postoperatively
+ 25 mg meperidine i.v.
VAS >40 or requested

Subramaniam, 2011 None PCA hydromorphone 1: (n = 15) ketamine bolus 0.15 mg/kg at induction and

epidural bupivacaine continued on 2 mg/kg/min infusion intraoperatively and
postoperatively for 24 hours
Control: (n = 15) saline bolus at induction and continued as i.v.
infusion for 24 hours

Urban, 2008 None Perop: spinal morphine 1. (n = 12) ketamine i.v.
before wound closure 0.2 mg/kg at induction of GA and 2 w.g/kg/h until discharge from
postop: PCA PACU
hydromorphone ketamine Control: (n = 12) none
if NRS = 10

Urban, 2018 Acetaminophen PCA hydromorphone 1: (n = 43) pregabalin 150 mg po, Thour prior to surgery

Control: (n = 43) placebo capsula po, 1 hour prior to surgery

Wang, 2020 Diclofenac 50 mg supp. Parecoxib PCA sufentanil 1: (n = 44) 0.2 mg of morphine, 2 mL of saline, 30 minutes

50 mg i.v. before anesthesia induction i.t.

Wen, 2016 None PCA sufentanil 1: (n = 20) dezocine 0.1 mg/kg i.v. 5 minutes before suturing
the skin
2: (n = 20) dezocine 0.15 mg/kg i.v. 5 minutes before suturing
skin
3: (n = 20) dezocine 0.20 mg/kg i.v. 5 minutes before suturing
skin
Control: (n = 20) matching saline

Yamashita, 2006 None PCA morphine morphine 1: (n = 12) flurbiprofen 1 mg/kg i.v. before surgery
i.v. 0.1 mg/kg during 2: (n = 12) flurbiprofen 1 mg/kg i.v. after surgery
surgery Control: (n = 12) placebo

Yeom, 2012 None Postop: 1 g/kg fentanyl 1. (n = 20) sevoflurane-nitrous oxideoxygen, thiopental sodium
i.v. Loading dose + i.v. 4-5 mg/kg, rocuronium 0.6-0.7 mg/kg maintained with
fentanyl 0.4 wg/kg/mL at sevoflurane and 50% nitrous oxide in oxygen (3 L/min); before
1 ml/h and during surgery; i.v. and inhalation
PCA fentanyl 2: (n = 20) sevoflurane-remifentanil-nitrous oxide-oxygen,

thiopental sodium 4-5 mg/kg, rocuronium 0.6-0.7 mg/kg,
remifentanil infusion, and sevoflurane inhalation was maintained
with sevoflurane, remifentani infusion, and 50% nitrous oxide in
oxygen (3 L/min); before and during surgery; i.v. + inhalation
3: (n = 20) propofol-remifentanil-oxygen) propopol and
remifentanil infusion, rocuronium 0.6-0.7 mg/kg, anesthesia
was maintained with propofol, remifentanil and 50% oxygen (3 L/
min); before and during surgery; i.v. + inhalation

Zhang, 2020 Flurbiprofen 1.5 mg/kg at end of PCA sufentanil NRS > 40 1: (n = 30) ropivacaine 0.4% 20 mL, erector spinae block

surgery Control: (n = 30) sham block

Ziegler, 2008 Diclofenac 100 mg supp. PCA piritramide 1. (n = 23) morphine 0.4 mg before wound closure i.t.

Control: (n = 23) matching saline

i.t,, intrathecal; i.v. intravenous; PCA, patient-controlled analgesia; NRS, numerical rating scale; VAS, visual analog scale.

nonsignificant reduction of 7.5 mm in VAS score (95% CI: 10-25).
The heterogeneity was large, P =91% (Fig- 4). Trial sequential
analysis showed that neither was the required information size

reached nor was the DARIS line crossed or reached (Appendix 3,
available at http://links.lww.com/PR9/A157). The quality of
evidence (GRADE) was very low (Table 2).
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Figure 2. Summarized risk of bias.
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3.4.5. Adverse events

Three trials reported on PONV.35%:62 The meta-analysis found no
significant difference between groups, RR 0.79 (95% ClI:
0.54-1.17) with moderate heterogeneity = 58% (Appendix 5,
available at http://links.lww.com/PR9/A157). Quality of evidence
(GRADE) was moderate. Two trials reported on sedation,®°° 2 on
dizziness,**2 and 1 on pruritus.®?

3.5. Epidural

Five trials reported on epidural as an intervention.?”21:32:69 Tyo

trials reported on bupivacaine with hydromorphone,” one trial
on ropivacaine,?' and 2 trails on levobupivacaine.®® The risk of
bias for all trials was unclear in 3 trials, and 2 trials had high risk of
bias (Fig. 2).

3.5.1. Opioid consumption 0-24 hours

Three trials reported opioid consumption.?’®260 The meta-
analysis reported a mean reduction of 17 mg i.v. (95% CI: 7-27
mg per 24 hours), with large heterogeneity > = 92% (Fig. 3). Trial
sequential analysis was not possible to perform. The quality of
evidence (GRADE) was very low (Table 2).

3.5.2. Pain at rest after 24 hours

Three trials reported on epidural and postoperative pain at rest
after 24 = 4 hours.2"32° The meta-analysis found a significant
reduction of —17.2 mm in mean VAS (95% CI: —25 to 10) with
moderate heterogeneity of 2 = 74% (Fig. 4). Trial sequential
analysis showed that the required information size was not
reached, but the DARIS line was crossed (Appendix 4, available at
http://links.lww.com/PR9/A157). The quality of evidence
(GRADE) was low (Table 2).

No trials reported on pain after 6 hours during rest or
mobilization, and no studies were detected dealing with pain
during mobilization after 24 hours.

3.5.3. Adverse events

Four trials reported on PONV.”?182:80 The meta-analysis found
no significant difference between groups, RR 0.70 (95% Cl:
0.42-1.14), with moderate heterogeneity /> = 60% (Appendix 5,
available at http://links.lww.com/PR9/A157).

When performing sensitivity analyses, we found a significant
difference, P = 0.02 (only in 2 trials). Quality of evidence (GRADE)
was moderate (Table 2). One trial reported on pruritus.®®

3.6. Ketamine

Seven trials reported on ketamine as an intervention, '+5:2441:53:64.66

The risk of bias for all trials was low in 2 trials, unclear in 2 trials, and
high in 3 trials (Fig. 2).

3.6.1. Opioid consumption 0-24 hours

Four trials reported opioid consumption.*'5364€% The meta-
analysis reported no significant reduction in opioid consumption 3
mgi.v.. for 24 hours (95% CI: 1.5-8) with moderate heterogeneity
7 = 43% (Fig. 3). Trial sequential analysis showed that the
required information size was not reached, and the DARIS line
was not crossed (Appendix 7, available at http://links.lww.com/
PR9/A157). The quality of evidence (GRADE) was low (Table 2).
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NSAID or COX-2-inhibitor

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aubrun 2000 3320 25 48 1 25 338% -16.00[-27.37,-4.63] ——
Reuben 2006 88 24 B0 134 33 20 37.4% -46.00[-47.57,-44.43] a
Sirihbumrungwong 2015 564 38 64 51 54 32 288% -4536[-64.09,-26.63] —
Total (95% CI) 149 77 100.0% -35.69 [-56.62, -14.75] Ea—ry
Heterogeneity: Tau®= 304.36; Chi*= 26.25, df= 2 (P = 0.00001); F= 92% 5_1 o _510 b 550 1003
Testfor overall effect: Z= 3.34 (P = 0.0008) Favours [experimental] Favours [control]
Epidural
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Aglio 2018 N7 327 65 33.3 2667 34 66.4% -1.60[13.58 10.38]
Choi 2014 38.86 50892 20 57.62 4556 18 101% -18.76[-49.44 11.92] —
Sevicl-Kuchler 2014 51.75 35.25 33 111.75 4875 35 23.5% -60.00[-80.14,-39.86] —
Total (95% CI) 118 87 100.0% -17.06[-26.82, -7.30] <
Heterogeneity: Chi®= 23.88, df=2 (P = 0.00001); F=92% I t } {
= - -100 -50 I 50 100
Testfor overall effect 2= 3.43 (P = 0.0008) Favours [experimental] Favours [control]
Ketamine
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Kim 2013 36 16 35 46 2.3 17 53.4% -1.00[-2.22,0.22]
Song 2013 3899 147 24 504 232 25 15.0% -1050[21.33,0.33] ]
subramaniam 2011 2072 17.56 15 18.36 1357 15 142%  1.36[9.87,12.59] -t
Urban 2008 185 14 12 27 10 12 17.4% -850[18.23,1.23] ==
Total (95% CI) 86 69 100.0%  -3.39[-8.30,1.52] OI
Heterogeneity: Tau?= 11.36; Chi*= 5.30, df= 3 (P = 0.15); F= 43% t t 1 y {
Testf Il effect Z=1.35(P=0.18 =g ke 2 = 100
estfor overall effect Z=1.35 (P = 0.18) Favours [experimental] Favours [control]
Wound infiltration
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Brown 2018 116 83 24 134 B89 26 21% -18.00[-68.54, 32.54] |
Greze 2017 18.4 47 19 171 21 20 32.2% 1.30 [-1.01, 3.61]
Liz2018 165 3.3 28 76 28 29 327% 8.90[7.31,10.49] =
Singhatanadaige 2020 0.3 1 40 28 28 40 33.0% -2.50[-3.42,-1.58]
Total (95% CI) 11 115 100.0% 213 [-5.34,9.61]
Heterogeneity: Tau®= 43.85; Chi*=148.72, df= 3 (P = 0.00001); F= 98% 5_1 o0 _550 5 550 1DU=

Test for overall effect: Z=0.56 (P = 0.58)

Figure 3. Meta-analyses for O to 24 hours opioid consumption.

Favours [experimental] Favours [control]

3.6.2. Pain at rest after 6 hours

Five trials reported on ketamine and postoperative pain at rest after 6 +
2 hours.""**99.72 Thg meta-analysis showed no significant difference
in overal effect in mean VAS 3 mm (95% Cl: —24 to 31). The
heterogeneity was high, # = 99% (Fig. 4). Trial sequential analysis
showed that neither was the required information size reached nor was
the DARIS line crossed or reached (Appendix 7, available at http://links.
ww.com/PR9/A157). Quality of evidence (GRADE) was low (Table 2).

3.6.3. Pain during mobilization after 6 hours

Three trials reported on ketamine and postoperative pain at
mobilization 6 = 2 hours.**%%7® The meta-analysis showed no
significant difference in mean VAS 4 mm (95% Cl: 4-12),

heterogeneity /> = 0% (Appendix 8, available at http://links.lww.
com/PR9/A157). Trial sequential analysis showed neither was the
required information size reached nor was the DARIS line crossed
or reached (Appendix 7, available at http://links.lww.com/PR9/
A157). The quality of evidence (GRADE) was moderate (Table 2).

3.6.4. Pain at rest after 24 hours

Six trials reported on ketamine and postoperative pain at rest after
24 hours." 841836466 Tha meta-analysis showed a significant
difference between trials in favor of the experimental group of
13 mm in mean VAS (95% Cl: 10-17). When performing
sensitivity analyses, the meta-analysis was nonsignificant. We
found large heterogeneity I = 90% (Fig. 4). The TSA showed that
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Summarized outcomes in Grading of Recommendations Assessment, Development, and Evaluation (GRADE) (mean difference and 95%
confidence interval are provided together with quality of evidence).

NSAID compared with placebo for pain after spinal fusion surgery?

Patient or population: pain after spinal fusion
Setting: the immediate postoperative period

Intervention: NSAID
Comparison: placebo

Outcomes Anticipated absolute effects* (95% Cl) Relative effect  No. of participants Certainty of the
Risk with placebo Risk with NSAID (95% Cl) (studies) evidence (GRADE)
PONV assessed with: numbers of 455 per 1.000 350 per 1.000 (255—-477) RR0.77 226 (3 RCTs)
events (0.56-1.05) Moderate
Morphine consumption The mean morphine consumption ~ MD 9.05 lower (80.63 — 296 (4 RCTs)
assessed with 0-24 hours assessed with 0—24 hours lower—62.53 higher) Very low
postoperatively assessed with:  postoperatively was 0
mg
Pain score 4-8 hours The mean pain score 4-8 hours MD 11.29 lower (15.48 — 292 (5 RCTs)
postoperatively at rest assessed postoperatively at rest was 0 lower—7.1 lower) Very low
with: VAS 0—100 mm
Sedation assessed with: number 511 per 1.000 302 per 1.000 (194-465) RR 0.59 130 (2 RCTs)
of events (0.38-0.91) LG
Pain score 20—24 hours The mean pain score 20-24 hours MD 7.24 lower (17.15 — 242 (4 RCTs)
postoperatively at rest assessed postoperatively at rest was 0 lower—2.66 higher) Very low
with: VAS 0—100 mm
Dizziness assessed with: 212 per 1.000 186 per 1.000 (99-351) RR 0.88 176 (2 RCTs)
number of events (0.47-1.66) Moderate
Pruritus 167 per 1.000 180 per 1.000 (93-345) RR 1.08 166 (2 RCTs)
(0.56-2.07) Low

EPI compared with control for pain after spinal fusion surgery?

Patient or population: pain after spinal fusion
Setting: the immediate postoperative period

Intervention: EPI
Comparison: placebo

Outcomes Anticipated absolute effects* (95% Cl) Relative effect No. of participants Certainty of the evidence
Risk with placebo Risk with EPI (95% Cl) (studies) (GRADE)
Opioid The mean opioid consumption MD 17.06 lower (26.82 lower—7.3 lower) — 205 (3 RCTs)
consumption was 0 Very low
PONV 296 per 1.000 207 per 1.000 (124-337) RR 0.70 198 (4 RCTs)
(0.42-1.14) Moderate
24 hours painat  The mean 24 hours pain atrest MD 17.19 lower (24.55 lower—9.82 lower) — 160 (3 RCTs)
rest was 0 Law
Pruritus 667 per 1.000 0 per 1.000 (0-0) Not estimable 38 (1 RCT) —

Ketamine compared with placebo for pain after spinal fusion surgery?

Patient or population: pain after spinal fusion
Setting: the immediate postoperative period

Intervention: Ketamine
Comparison: placebo

Outcomes Anticipated absolute effects* (95% Cl) Relative effect No. of participants Certainty of the evidence
Risk with placebo Risk with ketamine (95% Cl) (studies) (GRADE)
Opioid The mean opioid consumption was  MD 3.39 lower (8.3 lower—1.52 — 155 (4 RCTs)
consumption 0 higher) 1
6 hours pain at rest  The mean 6 hours pain at restwas MD 3.19 higher (24.37 — 365 (5 RCTs)
0 lower—30.75 higher) Very low
6 hours pain during The mean 6 hours pain during MD 3.99 lower (11.58 lower-3.6 ~ — 131 (3 RCT)
mob mob was 0 higher) Moderate
24 hours painat  The mean 24 hours pain at rest ~ MD 13.32 lower (17.02 lower—9.62 — 389 (6 RCTs)
rest was 0 lower) Very low
24 pain during mob  The mean 24 pain during mob was MD 5.16 lower (14.31 lower-3.99 — 103 (3 RCTs)
0 higher) &%

(continued on next page)
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Table 2 (continuea

Summarized outcomes in Grading of Recommendations Assessment, Development, and Evaluation (GRADE) (mean difference and
95% confidence interval are provided together with quality of evidence).

Ketamine compared with placebo for pain after spinal fusion surgery?

PONV 364 per 1.000 360 per 1.000 (276-465) RR 0.99 390 (6 RCTs)

(0.76-1.28) Very low
Dizziness 140 per 1.000 202 per 1.000 (91-446) RR 1.44 115 (3 RCTs)

(0.65-3.18) Moderate

Wound infiltration compared with placebo for pain after spinal fusion surgery?

Patient or population: pain after spinal fusion
Setting: the immediate postoperative period
Intervention: Wound infil

Comparison: placebo

Outcomes Anticipated absolute effects* (95% Cl) Relative effect No. of participants Certainty of the evidence
Risk with placebo Risk with wound infil (95% CI) (studies) (GRADE)
Opioid The mean opioid consumption ~ MD 2.13 higher (5.34 lower-9.61 — 226 (4 RCTs)
consumption was 0 higher) a7
PONV 338 per 1.000 0 per 1.000 (0-0) Not estimable 137 (2 RCTs)
High
Pruritus 0 per 1.000 0 per 1.000 (0-0) Not estimable 57 (1 RCT) —
24 hours pain at  The mean 24 hours pain at rest  MD 2.84 higher (5.25 lower-10.93 — 146 (3 RCTs)
rest was 0 higher) Low

Morphine compared with placebo for pain after spinal fusion surgery?

Patient or population: pain after spinal fusion surgery
Setting: the immediate postoperative period
Intervention: morphine

Comparison: placebo

Outcomes Anticipated absolute effects* (95% CI) Relative effect No. of participants Certainty of the evidence
Risk with placebo Risk with morphine (95% Cl) (studies) (GRADE)
PONV 465 per 1.000 0 per 1.000 (0-0) Not estimable 283 (3 RCTs)
High
6 hours pain at rest  The mean 6 hours pain at rest was MD 11.82 lower (17.29 — 283 (3 RCTs)
0 lower—6.35 lower) Hi
igh
6 hours pain during  The mean 6 hours pain during mob MD 8.98 lower (14.99 lower—2.96 — 283 (3 RCTs)
mob was 0 lower) Moderate
24 hours painatrest  The mean 24 hours pain atrestwas  MD 9.58 lower (19.13 lower—0.04 — 283 (3 RCTs)
0 lower) Moderate
24 hours pain The mean 24 hours pain during MD 9.42 lower (18.09 lower-0.75 — 283 (3 RCTs)
during mob mob was 0 lower) Moderate
Pruritus 402 per 1.000 0 per 1.000 (0-0) Not estimable 275 (4 RCTs)
Low

GRADE Working Group grades of evidence: (1) High certainty: We are very confident that the true effect lies close to that of the estimate of the effect. (2) Moderate certainty: We are moderately confident in the effect estimate:
The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. (3) Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially
different from the estimate of the effect. (4) Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.

* The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

Cl, confidence interval; infil, infiltration; mob, mobilization; NSAID, nonsteroidal anti-inflammatory drug; OR, odds ratio; PONV, postoperative nausea and vomiting; RCT, randomized controlled trials; RR, risk ratio; VAS, visual

analog scale.

the required information size was not reached, but the DARIS line
was crossed (Appendix 7, available at http://links.lww.com/PR9/
A157). The quality of evidence (GRADE) was very low (Table 2).

3.6.5. Pain during mobilization after 24 hours

Three trials reported on pain during mobilization after 24
hours.*'646¢ The meta-analysis showed no significant difference
between groups in mean VAS —6 mm (95% Cl: —21 to 8),
moderate heterogeneity > = 54% (Fig. 5). The TSA showed that
the required information size was not reached, but the DARIS line

was crossed (Appendix 7, available at http://links.lww.com/PR9/
A157). The quality of evidence (GRADE) was low (Table 2).

3.6.6. Adverse events

Six trials reported on PONV.':%41:536466 The meta-analysis
found no significant difference between groups, RR
0.99 (95% Cl: 0.76-1.28) with low heterogeneity > = 12%
(Appendix 5, available at http://links.lww.com/PR9/A157). The
quality of evidence (GRADE) was very low (Table 2). Three trials
reported on dizziness. 164
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NSAID or COX-2-inhibitors

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Reuhen 2006 33 13 20 40 27 20 307% -7.00[20.13,6.13]
Siribumrungwaong 2015 485 204 64 43 20 32 341% 5.50[-3.04,14.04]
Yamashita 2006 31.8 103 24 522 93 12 352% -2040[-27.08,-13.72] -
Total (95% ClI) 108 64 100.0% -7.46 [-24.89, 9.97]
Heterogeneity: Tau®= 21287, Chi*= 2214, df=2 (P < 0.0001), F=91% I t 1 y {
iy _ -100 -50 0 50 100
Testfor overall effect Z=0.84 (P = 0.40) Favours [experimental] Favours [control]
Epidural
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gottschalk 2004 32 10 13 58 12 13 287% -26.00[-34.49,-17.51] ——
Kang 2013 33 17 32 46 23 34 257% -13.00[22.72 -3.28] —=
Sevicl-Kuchler 2014 24 27 33 38 28 35 457% -14.00[15.31,-12.69] &
Total (95% CI) 78 82 100.0% -17.19[-24.55, -9.82] &
. 2 _ . 2 - - 2= I | + {
& W
T 2 Favours [experimental] Favours [control]
Ketamine
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abrishamkar 2012 17.4 1 22 355 11 23 281% -1810[18.71,-17.49] =
Brinck 2020 36.2 83 127 475 845 62 250% -11.30[13.86,-8.74] =
Kim 2013 364 16 35 46 23 17 7.0% -9.60 [-21.75, 2.55] h——
Song 2013 25 18 24 23 15 25 10.2% 2.00[-7.30,11.30] T
subramaniam 2011 53 30 15 47 28 15 29% 6.00 [-14.77, 26.77] T
Urban 2008 36 2 12 85 2 12 26.9% -19.00[-20.60,-17.40] "
Total (95% CI) 235 154 100.0% -13.32[-17.02,-9.62] ¢
ity: s (Chif= — F= I t t |
& W
e : Favours [experimental] Favours [control]
Wound infiltration
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Erown 2018 50 27 24 52 32 26 16.2% -2.00[-18.37,14.37]
Greze 2017 34 T7A 19 355 118 20 37.3% -1.80 [7.67, 4.67]
Li2019 27 4 28 19 3 29 46.5% 8.00[6.16, 9.84] u
Total (95% CI) 7 75 100.0% 2.84[-5.25,10.93]
itty: == ‘Chi*= = = B= [ t t t |
?etierfogenelwl.l T?ru t-;?g?ﬁ;:h; —_09;1596' df=2(P=0.008), F=79% oo 20 b 50 100
estfor overall effect 2= 0.68 (F = 0.48) Favours [experimental] Favours [control]
IT Morphine
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dhaliwal 2019 3.5 203 74 391 233 76 32.3% -7.60[-14.59 -0.61] —
Wang 2020 20 4 44 37 4 43 38.5% -17.00[18.68,-15.32] u
Ziegeler 2008 13 12 23 15 18 23 292% -2.00 -10.84,6.84)] —a—
Total (95% CI) 141 142 100.0%  -9.58 [-19.13, -0.04] <
Heterogeneity: Tau®=60.88; Chi*=16.54, df=2 (P =0.0003); F=88% oo 20 ) 50 100

Test for averall effect: Z=1.97 (P = 0.05)

Figure 4. Meta-analyses for 24 hours pain rest.

Favours [experimental] Favours [control]
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Ketamine
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Kim 2013 44 17 24 46 25 25 435%  -2.00[13.93, 9.93]
subramaniam 2011 69 32 15 65 23 15 286% 4.00[1594 23.94]
Urban 2008 56 30 12 80 20 12 279% -24.00[-44.40,-3.60] B —
Total (95% CI) 51 52 100.0% -6.42[-21.01,8.17]
Heterogeneity: Tau®= 80.24; Chi*= 436, df=2 (P=0.11); F= 54% t t T t {
i _ -100 -50 0 50 100
Testfor overall effect: Z= 0.86 (P = 0.39) Favours [experimental] Favours [control]
Morphine
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dhaliwal 2019 459 223 T4 527 2148 TE 321% -6.80 [13.81,0.21] —
VWang 2020 29 4 44 45 4 43 40.0% -16.00[-17.68,-14.32] u
Ziegeler 2008 12 12 23 15 19 23 27.9% -3.00[-12.18,6.18] —=—
Total (95% CI) 141 142 100.0%  -9.42[-18.09, -0.75] i
Heterogeneity: Tau®= 4817, Chi*=13.15, df= 2 (P = 0.001); F= 85% }_1 oo —fiD b 51[] 100?

Test for overall effect Z=213 (P=0.03)

Meta-analyses for 24 hours pain during mobilization.

Favours [experimental] Favours [control]

3.7. Wound infiltration

Four trials reported on local infiltration/wound analgesia and
opioid consumption.®224461 The risk of bias for all trials was low
in 2 trials, unclear in 1 trial, and high in 1 trial (Fig. 2).

3.7.1. Opioid consumption 0 to 24 hours

Four trials reported on local infiltration/wound analgesia and 24-
hour opioid consumption.®2244-61 The meta-analysis favored the
control group and reported no significant reduction in opioid
consumption 2 mg i.v. per 24 hours (95% Cl: —5 to 10) with large
heterogeneity /> = 98% (Fig. 3). The TSA showed that the
required information size was not reached, but the DARIS line
was crossed (Appendix 9, available at http://links.lww.com/PR9/
A157). The quality of evidence (GRADE) was low (Table 2).

3.7.2. Pain at rest after 24 hours

Three studies reported on this outcome.®?2** The meta-analysis
favored the control group and showed no significant difference in
the overall effect of 3 mm in mean VAS (95% CI: —5to 11). The
heterogeneity was moderate, 1> = 79% (Fig. 4). The TSA showed
that the required information size was not reached, but the DARIS
line was crossed (Appendix 9, available at http://links.lww.com/
PR9/A157). The quality of evidence (GRADE) was low (Table 2).

No studies reported on pain at rest after 6 hours or pain during
mobilization at 6 and 24 hours.

3.7.3. Adverse events

Two studies reported on PONV#4®! and one on pruritus.®®

3.8. Intrathecal morphine

Four studies reported on i.t. morphine. 24874 The risk of bias for all
trials was low in one trial, unclear in 2 trials, and high in one trial (Fig. 2).

3.8.1. Pain at rest after 6 hours

Three studies reported on this outcome.’®%87* The meta-
analysis favored the experimental group and showed a significant
difference of 12 mm in overall effect mean VAS (95% Cl: 6-17).
The heterogeneity was moderate, 2 52% (Appendix 4,
available at http://links.lww.com/PR9/A157). The TSA showed
that the required information size was not reached, but the DARIS
line crossed (Appendix 10, available at http://links.lww.com/PR9/
A157). The quality of evidence (GRADE) was high (Table 2).

3.8.2. Pain during mobilization after 6 hours

Three studies reported on this outcome. %874 The meta-analysis
favored the experimental group and showed a significant
difference in the overall effect of 9 mm in mean VAS (95% CI:
3-15). The heterogeneity was moderate, > = 55% (Appendix 8,
available at http://links.lww.com/PR9/A157). The TSA showed that
the required information size was not reached, but the DARIS line
was crossed (Appendix 10, available at http://links.lww.com/PR9/
A157). The quality of evidence (GRADE) was moderate (Table 2).

3.8.3. Pain at rest after 24 hours

Three studies reported on this outcome.'?%87* The meta-
analysis favored the experimental group and showed a significant
difference in the overall effect of 10 mm in mean VAS (95% CI:
0.04-19). The heterogeneity was large, P = 88% (Fig- 4). The
TSA showed that the required information size was not reached,
but the DARIS line was crossed (Appendix 10, available at http://
links.lww.com/PR9/A157). The quality of evidence (GRADE) was
moderate (Table 2).

3.8.4. Pain during mobilization after 24 hours

Three studies reported on this outcome.®®" The meta-analysis
favored the experimental group and showed a significant difference
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in the overall effect of 9 mm in mean VAS (95% CI: 0.75-18). The
heterogeneity was large, I = 85% (Fig. 5). The TSA showed that the
required information size was not reached, but the DARIS line
crossed (Appendix 10, available at http://links.lww.com/PR9/A157).
The quality of evidence (GRADE) was moderate (Table 2).

3.8.5. Adverse events

Three studies reported on PONV.'2®874 The meta-analysis
favored the experimental group and showed no significant
difference in the overall effect RR —0.03 (95% ClI: —0.13 to
0.06). The heterogeneity was moderate, /2 = 45% (Appendix 5,
available at http://links.lww.com/PR9/A157). The quality of
evidence (GRADE) was high (Table 2). Four studies reported on
pruritus.12'14'68'74

3.9. Qualitative analyses

Fifteen trials investigated other interventions: buprenorphine
s.c.,*®bupivacaine block,'® cold therapy,®® dezocine,® lidocaine
infusion,2® magnesium,'"**® nalaxone, '® pregabalin, %3865 prop-
acetamol,?® rocuronium,®® and ropivacaine.'®”® Three trials
investigated different analgesic combinations.®®4%%" The risk of
bias was low in one trial, unclear in 15 trials, and high in 3 trials.

From those, 10 trials demonstrated a significant effect on opioid
consumption/supplemental  analgesics''+15:18:19.25.29.33,38,.39.73
and 12 studies on pain scores,!'+18:15:18.19.2529.33.38.40.57.73 £
trials demonstrated a significant reduction in opioid-related
adverse events, 8396569

2

4. Discussion

In this systematic review of pain management after 1- or 2-level
spinal fusion surgery, we identified 5 significant subgroups
dealing with the following analgesic treatment: NSAIDS, epidural,
ketamine, wound infiltration, and i.t. morphine.

When applying meta-analyses and TSA, in summary, we found
a significant reduction in opioid consumption for NSAIDs and
epidural, and both groups achieved the minimal clinical important
difference (MCID) of 10 mg. For 6 hours of pain at rest, we found a
significant reduction in VAS for NSAID and i.t. morphine. Both
groups achieved the MCID of 10 mm. Furthermore, we detected
a significant reduction in VAS scores for pain at rest after 24 hours
in the following groups: NSAID, epidural, ketamine and wound
infiltration. The epidural and ketamine groups achieved MCID. We
detected a significant reduction in VAS after 24 hours in pain
during mobilization for i.t. morphine. No groups obtained MCID.

For adverse events, it was only possible to perform meta-
analysis on PONV because very few studies reported on other
types of adverse events, and no trials reported SAEs. Further-
more, it was impossible because of sparse data to report a
reduced LOS regarding any analgesic treatment.

Former systematic reviews on postoperative pain and analge-
sics seem to focus on rare spinal procedures such as complex
and major spine surgery, combining different surgery types. Our
systematic review is, in our knowledge, the first to investigate the
procedure-specific pain treatment for 1- or 2-level spinal fusion, a
frequently performed surgical procedure.

Consequently, it was not possible to compare our findings to
similar reviews. Reviews of pain treatment in mixed or complex
spine surgery indicate that use of paracetamol, NSAIDs, i.v.
ketamine infusion, epidural analgesia, and i.t. morphine decrease
postoperative pain,*>®” similar to our findings. Unfortunately,
they do not investigate opioid consumption. Our results indicate
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that wound infiltration seemed to favor the control groups for pain
levels. That seemed not to be the case in a newer systematic
review, which investigates all kinds of lumbar spine surgery. The
authors found that the demand for opioids significantly reduced in
patients who received wound infiltration.®* Therefore, to further
elucidate whether the meta-analyses are relevant for 1- or 2-level
spinal fusion patients, several large RCTs are needed.

Our review has several strengths. We performed a broad
systematic and stringent search minimizing the risk of missing
suitable trials. We published the protocol at PROSPERO in
advance. We performed TSAs to reduce type 1 and 2 errors. We
assessed all trials for risk of bias and used GRADE to evaluate the
certainty of evidence.

This review also has limitations. The majority of the authors we
contacted by email to account for the quality assessment did not
answer. As a result, we could have rated some of the studies too
hard hereby, affecting the GRADE evaluation. Because pain data
often per se is nonparametric, it was necessary to perform the
meta-analysis by converting median (interquartile range) to mean
(SD) values, which could have affected the data. We found
considerable heterogeneity between the included studies in
sample size and within the analgesic groups such as NSAIDs
(including COX-1 and COX-2) and the epidural group (with and
without hydromorphone). However, it mirrors the pragmatism in
the clinical field. For some regularly used analgesic groups (such
as paracetamol), enough studies could not be identified, making it
challenging to clarify the evidence on that particular area.
According to GRADE, the certainty of evidence was very low or
low for the majority of the eligible trials, and bias in most trials was
unclear or high, keeping us from recommending any “golden”
analgesic treatment.

The principles of multimodal analgesics used for postoperative
pain have been the leading principle for years.®* Unfortunately, it
is unclear which patients can benefit from which kind of analgesic
combination.*®*® Before designating that, studies need to focus
on decreasing patients’ pain procedure-specific instead of
performing RCTs, which primarily aims to demonstrate an effect
of an analgesic intervention by using a patient population.
Moreover, studies not only need to focus on average pain in
groups but also on the individual patient’s pain.*®

Effective pain treatment aims to ensure a fast recovery for the
patients and to provide an acceptable quality of life, the ability of
ambulation, few adverse events from the analgesic treatment,
and sufficient sleep.?%3763 Therefore, future RCTs of post-
operative pain treatment should measure pain at rest and during
mobilization, measure the quality of sleep, the quality of life, and
the opioid-related and intervention-specific adverse events.

5. Conclusion

The present systematic review of analgesic treatments for patients
undergoing lumbar 1- or 2-level fusion surgery demonstrated that
NSAIDs significantly reduce opioid consumption and pain at rest
after 6 hours, epidural significantly reduces opioid consumption
and pain at rest after 24 hours, i.t. morphine significantly reduces
pain levels at 6 and 24 hours during rest and mobilization, and
ketamine significantly reduces pain at rest after 24 hours. However,
most of the included studies represent an unclear or high risk of
bias and low or very low quality of evidence. Therefore, based on
the current literature, it is not possible to identify any best-proven
analgesic treatment for patients undergoing 1- or 2-level spinal
fusion. We suggest that future studies should include large-scale
RCTs combined with individual responder analyses to examine
relevant clinical analgesic effectiveness.
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