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Abstract
Purpose  Opioids are the primary analgesics used in patients undergoing spine surgery. Postoperative pain is common despite 
their liberal use and so are opioid-associated side effects. Non-opioid analgesics are gaining popularity as alternative to 
opioids in spine surgery.
Methods  This systematic review evaluated current evidence regarding opioid and non-opioid intraoperative analgesia and 
their influence on immediate postoperative pain and adverse events in spine surgery.
Results  A total of 10,459 records were obtained by searching Medline, EMBASE and Web of Science databases and six 
randomized controlled trials were included. Differences in postoperative pain scores between opioid and non-opioid groups 
were not significant at 1 h: 4 studies, mean difference (MD) = 0.65 units, 95% confidence intervals (CI) [−0.12 to 1.41], 
p = 0.10, but favored non-opioid at 24 h after surgery: 3 studies, MD = 0.75 units, 95%CI [0.03 to 1.46], p = 0.04. The time 
for first postoperative analgesic requirement was shorter (MD = −45.06 min, 95%CI [−72.50 to −17.62], p = 0.001), and 
morphine consumption during first 24 h after surgery was higher in opioid compared to non-opioid group (MD = 4.54 mg, 
95%CI [3.26 to 5.82], p < 0.00001). Adverse effects of postoperative nausea and vomiting (Relative risk (RR) = 2.15, 95%CI 
[1.37 to 3.38], p = 0.0009) and shivering (RR = 2.52, 95%CI [1.08 to 5.89], p = 0.03) were higher and bradycardia was lower 
(RR = 0.35, 95%CI [0.17 to 0.71], p = 0.004) with opioid analgesia.
Conclusion  The certainty of evidence on GRADE assessment is low for studied outcomes. Available evidence supports 
intraoperative non-opioid analgesia for overall postoperative pain outcomes in spine surgery. More research is needed to 
find the best drug combination and dosing regimen.
Prospero Registration: CRD42020209042.
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Introduction

Opioids are the primary analgesics used for perioperative 
pain management both in developed and developing world 
[1, 2]. However, considering their potential for abuse and 
undesirable side effects in patients undergoing spine sur-
gery [3], non-opioid analgesics including loco-regional and 
multimodal analgesia techniques are increasingly utilized to 
reduce or avoid perioperative opioid administration [4–8]. 
Many patients undergoing spine surgery have preexisting 
pain and these patients continue to experience pain in the 
postoperative period as well [9]. For early ambulation and 
discharge after spine surgery, pain management strategies 
should begin before surgery, continue intraoperatively and 
extend into the postoperative period. Postoperative pain can 
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be minimized to a great extent with good intraoperative anal-
gesia, yet a significant variance and bias in intraoperative 
pain management is seen [10]. There are limited randomized 
controlled trials (RCTs) which have directly compared to 
postoperative pain outcomes in patients undergoing spine 
surgery receiving intraoperative opioid analgesia versus non-
opioid analgesia [11–16]. Moreover, these primary studies 
had small sample size to instill confidence for change in 
current practice.

The purpose of this systematic review was to identify 
RCTs comparing intraoperative administration of opioid 
with non-opioid analgesia in patients undergoing spine sur-
gery and inform pooled estimates of effect for pain relief and 
adverse outcomes. We assessed postoperative pain scores at 
1 and 24 h after surgery, time to first requirement of rescue 
analgesia and opioid use in the first 24 h after spine sur-
gery as our primary objectives. Our secondary objectives 
were to compare adverse events related to opioid and non-
opioid analgesia such as postoperative nausea and vomiting 
(PONV), pruritis, sedation, respiratory depression, shiver-
ing, bradycardia and hypotension and recovery characteris-
tics of time to respond to verbal commands, peri-extubation 
hemodynamics and discharge time from the postanesthesia 
care unit (PACU).

Methods

This systematic review was registered with the PROS-
PERO- CRD42020209042 on 14-10-2020 [17]. This manu-
script is prepared as per PRISMA guidelines [Appendix S1: 
PRISMA checklist].

Inclusion and exclusion criteria

We included RCTs that compared opioid with non-opioid 
as the primary intraoperative analgesia technique in adult 
patients undergoing spine surgery. Trials were included if 
both groups had received similar anesthesia and differed 
only with regard to the primary analgesics used for surgery. 
Included studies were allowed to use a single dose of short 
acting opioid for induction in both groups, considered pri-
marily to mitigate stress response during intubation. No 
language or publication restrictions were applied at initial 
search stage. Non-RCTs, studies in children, involving non-
spine surgery population, comparing postoperative opioid 
and non-opioid analgesia administration for pain manage-
ment, where randomization was performed at the end or 
after the surgery, and which did not report any pain outcome 
were excluded for this review.

Database sources

We searched the electronic databases of Medline, EMBASE 
and Web of Science from their inception till March 19, 
2022. We considered additional strategies to identify stud-
ies including physical reviews of reference lists from arti-
cles that fulfilled our inclusion criteria and ‘related articles’ 
option in PubMed.

Search strategy

An experienced librarian and the first author performed the 
literature search using a predefined strategy for all the three 
databases. The search terms included study population of 
spine surgery, study interventions and comparators involv-
ing any opioid and non-opioid drugs during surgery and any 
pain outcome. Our search strategy for the databases is avail-
able as an appendix [Appendix S2: Search strategy].

Study selection

Two reviewers (KS and SB) independently screened the 
studies for selection in two stages. A calibration exercise 
was performed between the reviewers to ensure consistency 
in screening and selection before the start of screening. 
Titles and abstracts were screened initially using Rayyan 
software tool (http://​rayyan.​qcri.​org), following which full-
text review was performed. Disagreements were addressed 
by consensus and if unresolved, settled by a senior author. A 
quadratic kappa statistic on full-text selection was estimated 
as a measure of inter-observer agreement [18].

Data extraction

The same pair of reviewers (KS and SB) extracted data from 
the included studies independently and in duplicate, using 
Microsoft Excel worksheet. An instruction sheet was pro-
vided to help in the data extraction process. Extracted data 
included study and patient characteristics, interventions and 
comparators, definitions, scales used and time of assessment 
of outcomes (continuous or binary measures) and potential 
Risk of Bias (RoB). We contacted individual study authors 
to obtain missing data or clarify items related to the study.

Risk of bias assessment

The RoB of individual studies was assessed independently 
by same reviewers (KS and SB) using Cochrane RoB tool 

http://rayyan.qcri.org
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2 for RCTs. Components of potential bias arising from the 
randomization process, bias due to deviations from intended 
interventions, bias due to missing outcome data, bias in 
measurement of the outcome and bias in selection of the 
reported result were obtained [19]. The RoB was classified 
as low, some concerns and high. Any discrepancies were 
resolved through discussion. Individual study authors were 
not contacted to clarify RoB items. Bias in selection of the 
reported result was considered if the results section did not 
report the outcomes described in the methods.

Outcome assessment

The primary outcome was postoperative pain score. Other 
outcome measures were postoperative opioid consumption 
during first 24 h after surgery, time for first requirement of 
rescue analgesia, adverse events and recovery from anesthesia 
(time to respond to verbal commands, peri-extubation heart 
rate [HR] and mean blood pressure [MBP]). Postoperative 
pain details were extracted as reported in the primary stud-
ies (pain score used, description of pain as continuous and 
categorical outcomes and time points of pain assessment). For 
meta-analysis, we considered the most commonly used time 
points of 1 and 24 h after surgery for pain scores. For pain 
assessment expressed as continuous scores, we transformed 
outcomes to a 0–10 scale, (0 = no pain, 10 = severe pain), as it 
is the most commonly used tool and is easy to interpret [20]. 
Adverse events were evaluated by comparing the risk of com-
monly reported adverse events—PONV, pruritis, sedation, 
shivering, respiratory depression, bradycardia and hypoten-
sion. When multiple time points were reported, the most com-
monly reported time points were considered for pooling of the 
outcome results.

Synthesis of results and summary measures

The extracted data were compiled using Microsoft Excel, and 
analysis was performed using Review Manager Software (Rev-
Man version 5.4.1) [Computer program] The Cochrane Col-
laboration, 2020. Meta-analysis was performed only if there 
were two or more studies for an outcome domain. A random 
effects model (inverse variance statistical method) was used 
for analysis. We calculated risk ratio (RR) for dichotomous 
outcomes and mean differences (MD) for continuous outcomes 
with their 95% confidence intervals (CI). We used Cochran's 
Q test to estimate statistical heterogeneity and describe vari-
ability in individual effect estimates with I2 statistic. When 
trials had more than two interventions, we compared data of 
only opioid and non-opioid group. The quality of evidence was 
assessed using the Grading of Recommendations, Assessment, 
Development and Evaluations (GRADE) approach [21], with 
a summary of findings table.

Additional analysis

A subgroup analysis was planned if sufficient numbers of 
studies were available to interpret heterogeneity among stud-
ies depending on the types of intervention (non-opioid) and 
comparator (opioid).

Results

Study selection

Our search of the three databases retrieved 10,459 articles 
which after removal of duplicates resulted in 7929 records. 
The titles and abstracts were then screened resulting in 332 
records for full-text review. Among these, 6 studies were 
selected after exclusion of 326 reports as noted in PRISMA 
2020 flow diagram in Figure 1. A substantial agreement 
(kappa = 0.76) was observed for full-text assessment 
between the two reviewers.

Study characteristics

The study characteristics of the included studies such as 
surgery duration, age, gender, opioid and non-opioid drugs 
used, primary pain outcome and postoperative follow-up 
period are shown in Table 1. Three studies used remifenta-
nil, two used fentanyl and one used morphine as the opioid 
intervention while five studies used dexmedetomidine and 
one study used ketamine as the non-opioid intervention. 
One study had three groups, with the third group combin-
ing opioid and non-opioid interventions [11]. In all except 
one study [15], the analgesic drugs were administered as 
intravenous infusions throughout the surgery.

Risk of bias findings

The potential RoB was high for three studies based on their 
randomization process and bias due to missing outcome 
data, some concern for one study for bias due to deviation 
from intended intervention and low for two studies. Figure 2 
informs the potential RoB of included studies for various 
domains.

Study outcomes and synthesis of results

Of the included studies, three reported pain score, two 
reported time to first analgesic requirement and one 
study reported 24-h opioid consumption after surgery as 
their primary pain outcome. Five studies reported at least 
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one adverse event and four studies at least one recovery 
characteristic.

The time points of postoperative pain assessment varied 
from immediately after surgery up to 48 h with most stud-
ies reporting pain scores at 1 and 24 h after surgery. Hence, 
meta-analysis was performed for pain scores at these two 
time points. All the studies reported pain scores as visual 
analog scale except one where pain score was not informed. 
One study reported pain on a 0 to 100 scale [11], which 
we converted to 0–10 scale for pooling. The time for first 
analgesic requirement and 24-h opioid consumption after 
surgery were reported by three studies each.

There was no difference in pain score between opioid 
(n = 101) and non-opioid (n = 101) group at 1 h after sur-
gery: 4 studies, mean difference (MD) = 0.65 units, 95% 
confidence intervals (CI) [−0.12 to 1.41], p = 0.10. (Fig-
ure 3a) However, a statistically significant but clinically 
nonsignificant reduction in pain score was observed with 
non-opioid (n = 71) compared to opioid (n = 71) analgesia at 
24 h after surgery: 3 studies, MD = 0.75 units, 95%CI [0.03 
to 1.46], p = 0.04. (Figure 3b) The time for first postoperative 
analgesic requirement was longer in the non-opioid group 

(MD = 45.06 min, 95%CI [17.62 to 72.50], p = 0.001) (Fig-
ure 3c), and morphine consumption during first 24 h after 
surgery was higher in the opioid group (MD = 4.54 mg, 95% 
CI [3.26 to 5.82], p < 0.00001). (Figure 3d) In one study 
[13], hydromorphone was used and this was converted to 
morphine equivalent using a conversion of 1 mg hydromor-
phone equals to 5 mg of morphine [22].

The adverse events evaluated in the included studies were 
PONV (n= 5), shivering (n = 3) and perioperative brady-
cardia (n = 2). The incidence of PONV was significantly 
higher in the opioid group as compared to non-opioid group 
(RR = 2.15, 95% CI [1.37 to 3.38], I2 = 1%, p = 0.0009). (Fig-
ure 4a) The incidence of postoperative shivering was also 
significantly higher in the opioid group vis-à-vis non-opioid 
group (RR = 2.52, 95% CI [1.08 to 5.89], I2 = 15%, p = 0.03). 
(Figure 4b) The incidence of perioperative bradycardia was, 
however, significantly lower with opioid analgesia as com-
pared to non-opioid analgesia (RR = 0.35, 95%CI [0.17 to 
0.71], I2 = 0%, p = 0.004). (Figure 4c) We did not perform a 
meta-analysis for sedation as the sedation scores used were 
different in all the studies reporting it (Ramsay Sedation 
Scale[15], four-point scale[11] and an unnamed scale[14]) 

Fig. 1   PRISMA flow diagram informing records obtained after search of databases
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and at different time points (at extubation, in the PACU and 
overall during the 48-h study period). No study reported 
respiratory depression while only one study reported pruritis 
(15% versus 0% in opioid and non-opioid group)[15].

The recovery characteristics between opioid and non-opi-
oid groups were reported in the included studies as time to 
respond to verbal commands (n = 2), PACU discharge time 
(n = 3), and peri-extubation HR (n = 2) and MBP (n = 2). 
The time to respond to verbal commands was significantly 
shorter with opioid analgesia than with non-opioid analgesia 
(MD = −14.25 min, 95% CI [−20.86 to −7.64], I2 = 82%, 
p < 0.0001). (Figure 5a) The peri-extubation HR was sig-
nificantly higher in opioid group than non-opioid group 
(MD = 12.81 beats per minutes, 95% CI [8.06 to 17.55], 
I2 = 74%, p < 0.0001). (Figure  5b) The peri-extubation 
MBP was also higher in opioid group as compared to non-
opioid group (MD = 10.99 mmHg, 95% CI [1.55 to 20.43], 
I2 = 93%, p = 0.02). (Figure 5c) The discharge time from the 
PACU was similar for patients receiving opioid and non-
opioid analgesia during surgery (MD = −4.88 min, 95% CI 
[−16.86 to 7.10], I2 = 97%, p = 0.42) (Figure 5d).

Our planned subgroup analysis for individual opioid and 
non-opioid drugs was not possible due to an insufficient 
number of studies for analysis of our primary outcome. The 
GRADE quality of evidence was assessed using GRADEpro 
GDT software [23] and is presented in Table 2. The certainty 
of evidence on GRADE assessment was low to very low 
for pain score at 1 and 24 h after surgery, moderate to low 
for adverse events (PONV and shivering) and low to very 
low for recovery outcomes (awakening time and PACU dis-
charge). Most were rated low due to RoB and inconsistency, 
imprecision or indirectness for outcome measures.

Publication bias

Publication bias was checked for primary outcome using 
funnel plots and Egger’s test. We did not find publication 
bias, as evidenced by symmetric funnel plot [Appendix S3A 
and B: Funnel plot for postoperative pain scores at 1 and 
24 h, respectively] and statistically insignificant Egger’s test 
(P = 0.092 and 0.088 for 1 and 24 h pain scores).

Discussion

Summary of findings

In this systematic review and meta-analysis of patients 
undergoing spine surgery, postoperative pain scores 
were similar at 1 h but lower at 24 h after surgery with 
intraoperative use of non-opioid as compared to opioid 
analgesia. Also, the time for the first analgesic require-
ment was longer and morphine consumption during the 
first 24 h after spine surgery was lesser in the non-opioid 
analgesia group vis-à-vis opioid group. Opioid-related 
adverse effects of PONV and shivering were higher and 
perioperative bradycardia was lower with opioid anal-
gesia. Although the response time to verbal commands 
was faster with opioids, the PACU discharge time was 
similar between opioid and non-opioid groups. However, 
peri-extubation HR and MBP were lower with non-opioid 
analgesia as compared to opioid analgesia group.

Review of literature

More than 50% of patients report pain during the first 24 h 
after spine surgery [24]. This high incidence of pain is 
despite opioids being the most common analgesics used 
during the intraoperative period. Moreover, opioid adverse 
effects are common. To overcome these limitations, opi-
oid alternatives are studied. However, very few RCTs have 
directly compared intraoperative opioids with non-opioid 
analgesics with regard to postoperative pain in patients 
undergoing spine surgery [11–16]. Most of the included 
studies reported using remifentanil and dexmedetomidine as 
the opioid and non-opioid analgesic drugs, respectively, dur-
ing the intraoperative period. Remifentanil is an ultra-short 
acting analgesic while dexmedetomidine has a significant 
residual analgesic effect after discontinuation of the infu-
sion [13, 25]. The difference in postoperative pain scores in 
this review between opioid and non-opioid groups at 24 h 
but not at 1 h after spine surgery could reflect these differ-
ential drug effects or remifentanil-associated hyperalgesia 
[26]. The overall pain scores in the non-opioid group were 
0.65 units and 0.75 units lower than the opioid group at 1 h 

Fig. 2   Potential RoB of included studies for various domains
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and 24 h, respectively. A previous systematic review noted 
that the minimum clinically important difference ranged 
between 0.8 and 4 cm on a 0–10 cm scale for acute pain 
[27]. Considering this finding, our observation of smaller 
difference in pain scores can be considered as not important 
[28]. However, we observed meaningful differences in the 
time to first rescue analgesia and morphine requirements in 
the first 24 h after surgery. In addition, we observed reduced 
risks of adverse events (PONV and shivering) in the non-
opioid group. These findings of better pain-related effects 
and lower drug-related adverse events with non-opioids 
are likely to influence anesthesiologist’s clinical decisions 

regarding choice of intraoperative analgesics for postopera-
tive pain management.

Fear of opioid side effects has often led to under treatment 
of pain. However, several non-opioid analgesia options are 
available and effective for pain relief in patients undergo-
ing spine surgery. Non-opioid multimodal intraoperative 
analgesia including loco-regional technique such as erector 
spinae plane block [5, 8], and systemic drug infusions of 
dexmedetomidine [29], ketamine [30], lignocaine [31] and 
gabapentinoids [32], and drugs such as NSAIDs, cyclooxy-
genase-2 inhibitor and paracetamol [33] have shown to 
provide better analgesia and reduce opioid consumption 

Fig. 3   a Postoperative pain score at 1 h after surgery. b Postoperative pain score at 24 h after surgery. c Time for first postoperative analgesia 
requirement. d First 24 h opioid consumption after surgery
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(consequently, reduce adverse effects) in patients undergo-
ing spine surgery as compared to opioids alone [4]. Most of 
these non-opioid analgesics are used in combination and not 
as the sole analgesic. In our review too, most of the included 
studies reported using less potent non-opioid analgesics such 
as paracetamol or NSAIDs during or at the end of surgery 
in both opioid and non-opioid groups. Ideally, loco-regional 
and multimodal analgesia must be maximally employed for 
pain relief as non-opioid interventions and compared with 
opioids. Consequently, for such comparisons, the effect size 
is likely to be different.

Strengths and limitations

This is the only review to our knowledge that com-
pared opioid and non-opioid intraoperative analgesia for 

postoperative pain in patients undergoing spine surgery. 
Previous reviews reported mainly on postoperative anal-
gesia comparisons with regard to pain outcome. Our find-
ings will help anesthesiologists make informed evidence-
based decisions on the choice of intraoperative analgesia 
for spine surgery. However, our review has certain limita-
tions. We observed a lack of uniformity in reporting pain 
outcomes such as time of assessments and type of opioid 
and non-opioid analgesics used in the included studies. 
Two studies reported using bolus fentanyl (opioid) in both 
the groups at anesthetic induction to ablate nociceptive 
response to laryngoscopy and intubation before rand-
omization to study interventions. The residual effect of 
fentanyl at induction could influence postoperative pain, 
though this is unlikely as the duration of action of fenta-
nyl is between 30 and 60 min [34]. We could not perform 

Fig. 4   a Comparison of postoperative nausea and vomiting. b Comparison of postoperative shivering. c Comparison of perioperative bradycar-
dia
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a meta-analysis for postoperative sedation as the scores 
used, time of assessment and method of reporting central 
tendency and variance were different in different stud-
ies. We also could not perform analysis for intraoperative 
hemodynamics as the time point of assessment after the 
initiation of study interventions could not be agreed upon. 
However, we performed a meta-analysis for important pain 
and adverse effects outcomes that matter to the clinicians 
and patients. Significant heterogeneity was observed for 
some of the outcomes studied which could have been due 
to the small sample size or few events in the RCTs. Lastly, 
this review is limited by the quality of included studies. 
The limitation emphasizes the need for more research with 

good quality RCTs having large samples and similar opi-
oid and non-opioid interventions in order to find the best 
drug combination and dosing regimen.

Conclusions

Intraoperative use of non-opioid analgesia in patients under-
going spine surgery probably reduces postoperative pain at 
24 h, delays time to rescue analgesia and reduces opioid con-
sumption in the first 24 h after surgery with fewer adverse 
events of PONV and shivering. However, the high RoB 
and heterogeneity resulted in low to very low certainty of 

Fig. 5   a Time to respond to verbal commands. b Comparison of peri-extubation heart rate. c Comparison of peri-extubation mean blood pres-
sure. d Comparison of discharge time from the post-anesthesia care unit
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evidence on GRADE assessment for the outcomes studied. 
Considering the minimal difference in postoperative pain 
scores, the available evidence does not support intraop-
erative use of non-opioid over opioid analgesia in patients 
undergoing spine surgery. More research with good quality 
primary studies is needed before change in analgesia prac-
tice is contemplated.
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