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ABSTRACT
Introduction Intravenous lignocaine is an amide local 
anaesthetic known for its analgesic, antihyperalgesic and 
anti- inflammatory properties. Administration of intravenous 
lignocaine has been shown to enhance perioperative 
recovery parameters. This is the protocol for a systematic 
review which intends to summarise the evidence base 
for perioperative intravenous lignocaine administration in 
patients undergoing spinal surgery.
Methods and analysis Our primary outcomes include: 
postoperative pain scores at rest and movement at 
predefined early, intermediate and late time points and 
adverse events. Other outcomes of interest include 
perioperative opioid consumption, composite morbidity, 
surgical complications and hospital length of stay. 
We will include randomised controlled trials, which 
compared intravenous lignocaine infusion vs standard 
treatment for perioperative analgesia. We will search 
electronic databases from inception to present; MEDLINE, 
EMBASE and Cochrane Library (Cochrane Database of 
Systematic Reviews and CENTRAL). Two team members 
will independently screen all citations, full- text articles 
and abstract data. The individual study risk of bias will 
be appraised using the Cochrane risk of bias tool. We 
will obtain a risk ratio or mean difference (MD) from 
the intervention and control group event rates based 
on the nature of data. We will correct for the variable 
measurement tools by using the standardised MD (SMD). 
We will use a random- effects model to synthesise data. We 
will conduct five subgroup analysis: major versus minor 
surgery, emergency versus elective surgery, patients with 
chronic pain conditions versus patients without, duration of 
lignocaine infusion and adult versus paediatric. Confidence 
in cumulative evidence for will be classified according 
to the Grading of Recommendations, Assessment, 
Development and Evaluation system. We will construct 
summary of findings tables supported detailed evidence 
profile tables for predefined outcomes.
Ethics and dissemination Formal ethical approval is 
not required as primary data will not be collected. The 
results will be disseminated through a peer- reviewed 
publication.
PROSPERO registration number CRD420201963314

INTRODUCTION
The disease burden of spinal conditions 
needing surgery is high across the world.1 
Since 2004–2015, volume of elective lumbar 
fusion has increased by 62.3% in the USA. 
Neurosurgical procedures encompassing 
spinal surgery have been traditionally asso-
ciated with high analgesic requirements and 
prolonged functional recovery.2 Major efforts 
are being conducted to improve periop-
erative care of patients undergoing spine 
surgery.3 Improvements of perioperative anal-
gesic pathways in surgery of the spine include 
maximisation of non- opioid management 
strategies. Lignocaine (lidocaine) has been 
described as having analgesic, antihyperal-
gesic, anti- inflammatory, antithrombotic, 

Strengths and limitations of this study

 ► First proposed systematic review on the effects of 
intravenous perioperative lignocaine in patients hav-
ing spinal surgery on outcomes such as static and 
dynamic pains scores, adverse events, opioid con-
sumption amounts and quality of recovery.

 ► Conduct of meta- regression in order to assess the 
effect of lignocaine as a continuous independent 
variable on the outcomes.

 ► Application of Grading of Recommendations, 
Assessment, Development and Evaluation meth-
odology to assess the quality of evidence across 
outcomes, with presentation of summary of findings 
tables.

 ► Management of meta- bias in the review including 
searching for published protocols, contrasting the 
structure with that of published study findings and 
review of selective reporting of outcomes.

 ► We anticipate limitations with regard to the het-
erogeneity of the included studies in relation to the 
elective/emergency nature of the procedure, ana-
tomical site of surgery, dosing strategy/timing of the 
lignocaine bolus and outcome measures.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-036908 on 13 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/
http://orcid.org/0000-0001-8897-0156
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-036908&domain=pdf&date_stamp=2020-010-13
http://bmjopen.bmj.com/


2 Licina A, Silvers A. BMJ Open 2020;10:e036908. doi:10.1136/bmjopen-2020-036908

Open access 

antimicrobial and antitumour properties.4–6 Prior system-
atic reviews have evaluated the efficacy and safety of 
perioperative intravenous lignocaine on postoperative 
outcomes in heterogenous types of surgery.7 8 There 
has been a significant benefit of intravenous lignocaine 
infusion observed in patients undergoing abdominal 
surgery.8 9 Specific effectiveness of intravenous lignocaine 
as an analgesic and/or antihyperalgesic in spinal surgery 
has not been previously assessed in a systematic review 
and meta- analysis.

Description of the condition
Open spine surgeries involve extensive dissection of 
subcutaneous tissues, bones, muscle and ligaments. This 
contributes to a considerable degree of postoperative pain. 
Postoperative pain in conventional spinal surgery can last 
for an average of 3 days.10 11 Pre- existing pain conditions 
complicate effective postoperative pain management 
in this patient group. Conventional narcotics are often 
used to manage the pre- existing pain conditions. Patients 
undergoing spinal surgery are at risk of poor perioper-
ative pain management due to medication tolerance, 
peripheral and central sensitisation syndromes as well as 
proinflammatory states.10 12 13

Description of the intervention
Lignocaine is the first amino amide- type short- acting local 
anaesthetic developed in 1948. It was initially used as an 
antiarrhythmic agent, belonging to Ia group. Intravenous 
lignocaine infusion may be considered as a useful adjunct 
in perioperative pain management.14 15 Lignocaine can be 
administered by an intravenous infusion intraoperatively 
or postoperatively as a component of multimodal pain 
strategy. A commonly used regimen includes an initial 
bolus (1.5–2 mg/kg intravenous), followed by an infu-
sion (1.5 to 3 mg/kg/hour intravenous), which can be 
continued postoperatively at a lower dose.15 The optimal 
dose and duration of therapy are poorly defined. Please 

see table 1 for summary of pharmacokinetic properties of 
lignocaine15. When administered as an intravenous infu-
sion in a perioperative setting, lignocaine has been found 
to have analgesic properties at concentration levels 0.5–5 
μg/mL.15

Intravenous lignocaine has both peripheral and central 
actions. Mechanisms of action of lignocaine include 
the following: blockade of sodium channels, glycinergic 
action, blockade of N- methyl- D- aspartate (NMDA) recep-
tors, reduction in substance P and others (table 2).16 17 
The exact molecular mechanisms of lignocaine action 
in modifying both acute and chronic pain are still some-
what elusive.17 As an anti- inflammatory agent, lignocaine 
inhibits leucocyte activation and adhesion to the site of 
injury in both in vitro and in vivo models.18 Lignocaine 
protects cells from inflammation by blocking the priming 
of neutrophils and therefore inhibiting the release of 
superoxide anions and interleukin- 1B (IL- 1B).19

Lignocaine is thought to reduce pain and hyperalgesia 
in neuropathic pain states.20 Lignocaine may inhibit 
spontaneous impulse generation from injured peripheral 
nerves and dorsal root ganglions proximal to the injured 
fibres.21 22 Lignocaine is thought to suppress poly- synaptic 
reflexes in the dorsal horn, hence resulting in decreased 
nociception.23 In the electrophysiological experiments, 
intravenous lignocaine inhibits the excitatory postsyn-
aptic currents evoked by noxious pinch stimuli.23 Intra-
venous systemic lignocaine may exhibit a central mode 
of action.24

Lignocaine is thought to have a slight negative chro-
notropic effect on the heart. The compound exhibits a 
biphasic action on smooth muscle of peripheral blood 
vessels, with vasoconstriction at low concentrations and 
vasodilation at higher concentrations.25 Lignocaine is 
thought to accelerate the resolution of postoperative 
ileus.15 The mechanism of this activity is poorly under-
stood. Lignocaine has an antithrombotic effect through 

Table 1 Summary of pharmacokinetic parameters of lignocaine

Parameter Value

Therapeutic plasma level 1.4–6.0 μg/mL

Toxic plasma level 8–12 μg/mL

Maximum infiltrative/intravenous dose without 
epinephrine

3–4 mg/kg

Maximum infiltrative dose with epinephrine 7 mg/kg

Distribution half- life (t1/2α) 5–8 min distribution starts from the vascular compartment into the 
peripheral tissues

Elimination half- life (t1/2β) 80–110 min in healthy adults, predominantly via the hepatic route

Metabolism Approximately 90% of lidocaine is metabolised in the liver by oxidative de- 
ethylation (dealkylation) to monoethylglycinexylidide (MEGX)

Metabolites MEGX exhibits less potent pharmacological properties comparable to 
those of lignocaine

Excretion Less than 10% of the dose is excreted unchanged in urine;
Elimination half- life is 90–110
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an effective antiplatelet aggregating compound.4 The 
most common adverse effect of intravenous lignocaine 
is central nervous system toxicity.4 Symptoms are dose 
dependent (table 3).15 26 27 Patients with heart failure or 
those with significant liver impairment, in whom metabo-
lism of lignocaine is reduced, are particularly at risk.

How the intervention might work
In patients undergoing lumbar surgery, postoperative 
increase in neuroinflammatory markers has been demon-
strated.28 Lignocaine can reduce the release of mediators 
of inflammation such as IL-4, IL-6 and tumour necrosis 
factor alpha.4 29 Lignocaine may specifically mitigate 
the neuroinflammatory process in patients undergoing 
spinal surgery. Neuropathic pain after spinal surgery, 
otherwise nominated as failed back surgery syndrome, is 
a frequently observed troublesome disease entity.30 There 
are no known fully successful therapeutic modalities.31 
There may be a role for administration of periopera-
tive intravenous lignocaine in preventing or decreasing 
the frequency of the failed back surgery syndrome.32 
Central sensitisation is a predictor of a poor life quality 
and increased length of stay following multilevel spinal 
surgery.33 34 Lignocaine has the potential to decrease 

central sensitisation through multiple receptor mech-
anisms.16 Numerous other clinically relevant outcomes 
may be influenced by intravenous administration of 
lignocaine. These include: wound healing, coagulation, 
postoperative cognitive dysfunction, paralytic ileus and 
lung protection.17

Why is it important to do this review?
Analgesic strategies in patients undergoing spinal surgery 
are best implemented through multimodal regimens.13 33 
Perioperative intravenous lignocaine may be a strategic 
component of multifaceted approach to analgesia in 
patients undergoing spinal surgery. A number of studies 
and meta- analysis have explored the effectiveness of 
perioperative intravenous lignocaine infusion in heter-
ogenous surgical procedures.8 Pooling the pertinent data 
on the use of lignocaine in patients undergoing spinal 
surgery would allow us to estimate the perioperative 
effects specifically in this patient population.

Aims and objectives
This systematic review aims to assess the effects (bene-
fits and risks) of perioperative intravenous lignocaine 
infusion compared with placebo/no treatment on 

Table 2 Receptor/Ion channel action of intravenous lignocaine

Receptor/mechanism Action

Voltage gated sodium channel (VGSC) Classic mechanism of action is through blockade of VGSC17;
Intravenous lignocaine may inhibit VGSC in peripheral nerves and/or dorsal root 
ganglia23;

Potassium channels Lignocaine effect on potassium channels is available through experimental evidence 
in animal models60;

Calcium channels Lignocaine effect on calcium channels is available through experimental evidence in 
human animal models17;

NMDA receptor Lignocaine inhibits activation of NMDA receptor in a dose dependent manner23 61;

Gamma aminobutyric acid (GABA) -
mediated chloride currents

Lignocaine potentiates GABA- mediated chloride currents by inhibiting GABA uptake 
in animal models62;

Opioid receptors Hypothesis mode of action unclear;

Purine receptors Hypothesis mode of action unclear;

Glycinergic action Lignocaine or its metabolites may inhibit the glycinergic system16;

Table 3 Summary of adverse effects of lignocaine

System Adverse effects

Neurologic side effects  ► Tremor, insomnia or drowsiness, lightheadedness, dysarthria and slurred speech, 
ataxia, depression, agitation, change in sensorium, a change in personality, 
nystagmus, hallucinations, memory impairment and emotional lability

 ► Very high plasma concentrations can result in seizures
(note seizure threshold is lower in the presence of pathophysiological abnormalities 
such as hypercapnia)

Cardiovascular side effects- infrequent;
associated with rapid administration

 ► Sinus slowing, asystole, hypotension and shock.
Patients with underlying heart disease are most at risk63 64

Respiratory  ► Bronchodilation at subtoxic doses; respiratory depression occurs at toxic dose 
ranges

Other  ► Methemoglobinemia may occur at doses exceeding 600 mg65
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postoperative pain and recovery in patients undergoing 
spinal surgical procedures.

METHODS AND ANALYSIS
The present review protocol is being reported in accor-
dance with the reporting guidance the Preferred 
Reporting Items for Systematic Reviews and Meta- Analyses 
Protocols (PRISMA- P) statement (see PRISMA- P check-
list in online supplemental additional file 1).35

Eligibility criteria
Types of studies
We will include randomised controlled trials (RCTs) that 
evaluated the effect of perioperative lignocaine versus 
standard) treatment on relevant clinical outcomes in 
patients undergoing surgery on the spine. We define stan-
dard treatment as any analgesic modality which excludes 
perioperative lignocaine infusion. We will include studies 
published in the English language; however, our litera-
ture search will not be restricted by language of publica-
tion. As such, we will exclude the non- English language 
studies during the screening phase. Studies will not be 
excluded based on the publication status or reported 
outcomes.

Types of participants
We will include all patients undergoing spinal surgical 
procedures (box 1). We will include patients under-
going spinal surgical procedure on any anatomical site 
including cervical, thoracic, lumbar, sacral or any combi-
nation of these. We will include patients undergoing both 
elective and emergency surgery.

Types of interventions and comparators
We will include all studies comparing the effect of contin-
uous perioperative lignocaine infusion as applicable 
to spinal surgery (table 4). Our intervention arm will 
consist of intravenous lignocaine administration which 
commenced perioperatively or intraoperatively (with or 
without a bolus) and continued postoperatively up to 72 
hours following the completion of surgery. Our control 
arm will consist of any treatment excluding the intrave-
nous lignocaine infusion (standard treatment).

Types of outcome measures
We will deem eligible all studies, which have included at 
least one of the following outcome measures:

Pain score scales such as Visual Analogues Scale (VAS) 
or Numerical Rating Scale (NRS), adverse events, quality 
of recovery (QoR) outcomes, patient- reported outcomes 
or length of stay (detailed outcome measures provided 
under ‘Outcomes and Prioritisation’ subheading.)

Our review eligibility criteria have been summarised in 
table 4.

Information sources
We will search the MEDLINE via Ovid SP; EMBASE via 
Ovid SP; and Cochrane Library (Cochrane Database of 

Systematic Reviews and CENTRAL). We will scan the 
trials registry,  ClinicalTrials. gov for ongoing and unpub-
lished trials. We will search the grey literature through 
the following specific search engines: Google scholar, 
http://www. opengrey. eu and http://www. greynet. org/ 
opengreyrepository. html.36–38

Search strategy
We will identify RCTs through literature searching with 
systematic and sensitive search strategies as outlined in 
Chapter 6.4 of the Cochrane Handbook for Systematic 
reviews of Interventions.39 Our search strategy was iden-
tified in collaboration with an information specialist. We 
will not apply study restrictions according to the language 
or publication status. For the search strategy, we will 
combine keyword and subject heading combinations 
in the predetermined databases.40 The search strategy 
specific to MEDLINE is included in online supplemental 
appendix one, available online. We intend to perform 
similar searches, with keywords adapted to specific data-
base dictionaries.

STUDY RECORDS
Data management
Study information will be stored and managed using 
Endnote X9 throughout the review process. Collected 
data will be stored securely in an electronic format. Data 
will be made available on reasonable request 6 months 
following publication of the systematic review.

Selection process
Two reviewers will independently screen titles and 
abstracts using an electronic screening form

(covidence web platform: http://www. COVIDENCE. 
org). We will include articles for full- text review unless 
both reviewers deem them irrelevant. We will resolve any 
disagreement on study eligibility by author consensus. 
Results of the data search will be presented in a PRISMA 
flow diagram indicating the number of studies retrieved, 
screened and excluded as per exclusion criteria.

Data collection
Teams of two reviewers will perform data extraction using 
a predefined data collection form. Data will be extracted 
from each study based on prespecified criteria (please see 

Box 1 Spinal surgery groups- both major and minor 
surgery included in the review

Anterior cervical decompression and fusion.
Posterior cervical decompression/fusion.
Thoracic decompression and fusion.
Scoliosis correction.
Multilevel decompression and fusion.
Lumbar decompression and fusion.
Lumbar laminectomy.
Lumbar microdiscectomy.
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data items). Data extraction forms will be piloted initially 
on a small number of included studies. Subsequently, 
each of the included studies will be abstracted by two 
team members, independently. Potential conflicts will be 
resolved through discussion. Authors of primary publica-
tions will be contacted for data clarifications or missing 
outcome data, as necessary.

Data items
Information of interest will include the following (online 
supplemental file data collection form):

 ► Study characteristics: study design, year of publication, 
journal, year (or period) of study conduct, sample 
size, setting, and other fields to capture data relevant 
to the assessment of study methodological quality (see 
risk of bias assessment subsection).

 ► Participant characteristics: population sampled, age 
(eg, mean with SD, range) and gender (eg, percentage 
of female participants), type of spinal surgery.

 ► Intervention (dosage and duration of lignocaine 
administration), comparator characteristics and 
definitions.

 ► Outcome results: definitions and assessment tools.

Outcomes and prioritisation
We defined our review endpoints measures in terms of 
primary and secondary outcome groups:

Primary outcome measures
1. Pain score at rest (0–10 cm, 0–100 mm VAS, NRS) at 
‘early’, ‘intermediate’ and ‘late’ time points;
2. Pain score with movement (0–10 cm, 0–100 mm 
VAS, NRS) at ‘early’, ‘intermediate’ and ‘late’ time 
points;
3. Adverse events (dichotomous outcomes: all- cause 
mortality, arrhythmias, other heart rate disorders or 
any sign of lidocaine toxicity).

Table 4 Summary of eligibility criteria

Study characteristics Inclusion criteria Exclusion criteria

Patient population All patients undergoing spinal surgical procedures Patients undergoing non- surgical 
management of spinal conditions
Trauma patients without surgery

Intervention treatment Intravenous lignocaine infusion which commenced perioperatively or 
intraoperatively (with or without a bolus) and continued postoperatively up to 
72 hours following the completion of surgery

Comparator Standard care (any therapeutic modality excluding intravenous lignocaine 
infusion);

Outcomes Primary outcome measures:
1. Postoperative pain score at rest at ‘early’(1–4 hours) 
‘intermediate’(4–24 hours) and ‘late’ (24–72 hours postopertive) time 
points
2. Postoperative pain score with movement at ‘early’(1–4 hours), 
‘intermediate’(4–24 hours) and ‘late’ (24–72 hours postoperative) time 
points;
3. Adverse events (dichotomous outcomes: all- cause mortality, 
arrhythmias, other heart rate disorders or any sign of lignocaine toxicity);

Secondary outcome measures
4. Intraoperative opioid consumption
5. Postoperative opioid consumption, in ‘postanaesthesia care unit 
(PACU)’ and ‘overall’, (in mg morphine equivalents.
6. Postoperative nausea and vomiting at early time points (dichotomous 
in ‘PACU’ and ‘overall’);
7. Functional postoperative neuropsychological status scales
8. Composite morbidity including pulmonary, cardiac and renal 
complication rates;
9. Surgical complication rates as defined (dichotomous; postoperative 
infections, thromboembolism, wound breakdown at ‘early’, ‘intermediate’ 
and ‘late time points’);
10. Hospital length of stay (measured in days)

Study design Randomised controlled trials Case reports
Observational studies (cohort studies, 
case–control studies, cross- sectional 
studies, case series)
Non- randomised trials
Systematic reviews, meta- analysis;

Study setting Inpatient care (including patients whose condition requires admission to a 
hospital same day discharge surgical)

Outpatient clinics, medical and 
non- surgical management of spinal 
conditions

Timing Perioperative process preadmission, preoperative, intraoperative and 
postoperative setting
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Secondary outcome measures
4. Intraoperative opioid consumption (remifentanil 
separated from other opiates due to unique short con-
text sensitive half- life).
5. Postoperative opioid consumption, in ‘postanaesthe-
sia care unit (PACU)’ and ‘overall’, (in mg morphine 
equivalents (MEQ).
6. Postoperative nausea and vomiting at early time 
points (dichotomous in ‘PACU’ and ‘overall’).
7. Functional postoperative neuropsychological status 
scales (eg, QoR score or Mini- Mental State Examina-
tion).
8. Composite morbidity including pulmonary, cardiac 
and renal complication rates.
9. Surgical complication rates as defined (dichoto-
mous; postoperative infections, thromboembolism, 
wound breakdown at ‘early’, ‘intermediate’ and ‘late 
time points’).
10. Hospital length of stay (measured in days).

Time definition of early to late time points does involve 
some degree of arbitrariness. In line with other system-
atic reviews, we have used the common definition of early, 
intermediate and late as relating to the perioperative 
period.8 We defined early time point from 1 to 4 hours 
postsurgery. We defined the intermediate time point as 
4–24 postoperatively. We defined the late time point as 
between 24 and 72 hours after surgery. We defined the 
‘overall time period’ as the longest time point during 
which the patients were observed but within 72 hours of 
the completion of surgery. We have elected to evaluate 
morbidity as composite endpoint of cardiac, pulmonary 
and renal complications. We have chosen a composite 
endpoint for morbidity in order to increase statistical 
efficiency. We will use the weighted composites model to 
achieve the calculation of this outcome.41

Risk of bias in individual studies
Risk of bias in included studies will be assessed using the 
Cochrane ‘Risk of Bias’ tool.42 This tool is based on six 
key parameters. We will assess each component as being 
either low risk of bias, high risk of bias or unclear. We will 
include a ‘Risk of bias’ table as part of the ‘Characteris-
tics of included studies’. We will generate a ‘Risk of bias 
summary’, which will contain details of all of the judge-
ments made.43 We plan to provide the details of the risk 
of bias assessment in a ‘Critical Appraisal Form’ supplied 
as an online appendix to the final manuscript.

Random sequence generation
We will consider the method of sequence generation as 
to ascertain its adequacy. We will consider the method 
as adequate if the sequence was generated by a random 
system. We will consider the sequence as inadequate if a 
non- random system was used.

Allocation concealment
We will consider the method of concealment as appro-
priate if steps were taken to ensure that the group 

assignment was not revealed to the participants, inves-
tigators or patient recruiters. We will consider the 
concealment to be inadequate if the allocation had been 
disclosed.

Blinding of participants, personnel and outcome assessors
We will allocate an appropriate risk of bias assessment 
according to the level of blinding of participants, study 
recruiters or investigators.

Incomplete outcome data
We will consider data provision as adequate if either there 
were no missing data or if reasons for missing data were 
adequately addressed (such as appropriate missing data 
imputation methods).

Selective reporting
We will seek prospectively registered study protocols 
with prespecified primary and secondary outcomes and 
ensure these are appropriately reported.

Other sources of bias
We will assess the studies for any other threats to validity 
such as early stopping of studies.

Data synthesis
Synthesis criteria under which study data will be quantitatively 
synthesised
We will assess the suitability to combine the data based on 
sufficient homogeneity and clinical judgement. Results 
will be evaluated based on a number of clinically relevant 
parameters including: commencement, timing, dosage 
and administration of intravenous lignocaine.

We will report statistical heterogeneity using the χ2 test 
statistic and the I2 statistic. Both will be calculated for each 
of the outcomes listed above. Statistical heterogeneity will 
be declared if the χ2 statistic has p<0.1. We will use the 
following thresholds for interpretation of the I2 statistic in 
line with recommendations from Cochrane handbook40:

 ► 0%–40%: might not be important.
 ► 30%–60%: may represent moderate heterogeneity.
 ► 50%–90%: may represent substantial heterogeneity.
 ► 75%–100%: considerable heterogeneity.
We will evaluate the importance of I2 depending on 

the magnitude and direction of effects as well as the 
strength of evidence for heterogeneity.40 If significant 
unexplained heterogeneity exists, or if there is an insuf-
ficient number of studies with appropriate outcome data 
for meta- analysis, we will describe data qualitatively.

Measures of treatment effect
For dichotomous outcomes, we will obtain a risk ratio 
(RR) from the intervention and control group event 
rates. For continuous data, we will obtain the mean differ-
ence (MD) from the difference between the intervention 
and control group mean values with associated SDs if all 
studies measured data on the same scale. The standardised 
MD (SMD) will be used when the studies assessed the 
same outcome but used variable measurement tools. For 
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example, the VAS may be measured on a scale of 0–10 cm 
or 0–100 mm. We will perform the back transformation 
of SMD values into absolute values on a scale of 0–10 cm 
(VAS) in order to assist with the clinical interpretation. 
All opioid quantities will be transformed into intrave-
nous (MEQ, mg) as described in the Defined Daily Dose 
index.44

Data synthesis-planned summary measures and methods of 
handling and combining data
We will use Review Manager V.5.3 software for statistical 
analysis. We will use a random- effects model to analyse 
data. This will allow for the assessment of the true average 
effect of treatment across studies. We will be using inverse 
variance weighting summary of continuous outcomes 
and using Mantel- Haenszel methods for dichotomous 
outcomes.39 The outcomes will be presented with 95% 
CIs. This systematic review will compare patients receiving 
intravenous lignocaine versus patients receiving standard 
care (no intravenous lignocaine).

Dealing with missing data
If there are missing data (patient drop- outs or selective 
outcome reporting), we will contact the authors to obtain 
further information. If further information is not avail-
able, we will follow general recommendations for dealing 
with missing data in Cochrane Reviews40:

 ► We will make explicit the assumptions of any methods 
used to address missing data.

 ► Appropriately assess the risk of bias due to missing 
outcome data in included studies.

 ► Perform sensitivity analyses to assess how sensitive 
results are to reasonable changes.

 ► Address the potential impact of missing data on the 
findings of the review in the Discussion section.

Synthesis-subgroup analysis
We will evaluate the magnitude of methodological and 
clinical heterogeneity. We will perform five subgroup 
analysis based on biological plausibility:
1. Major versus minor spine surgery. We will define ma-

jor spine surgery as surgery incorporating more than a 
single- level spine surgery and/or lasting longer than 2 
hours.45 46 Two level microdiscectomies will be consid-
ered as minor surgery.

2. Emergency versus elective spine surgery.
3. Patients with chronic pain conditions versus patients 

with no known chronic pain conditions as identified 
premorbidly.

4. Adult (patients older than 18) versus paediatric (pa-
tients younger than 18).

5. Perioperative lignocaine duration of infusion less than 
24 hours, versus lignocaine duration of infusion for 
longer time period beyond surgery (greater than 24 
hours but less than 72 hours).

We will perform subgroup analysis of these five 
groups calculating the RR or MD, together with the 
corresponding CI, for each respective outcome. We will 

compare respective subgroup heterogeneity using the 
χ2 statistic. We will conduct meta- regression using Stata 
V.13 software in order to assess the effect of lignocaine 
as a continuous independent variable on the outcomes 
hypothesising that a higher cumulative dose of intrave-
nous lignocaine may be more effective.

Sensitivity analysis
We will test the robustness of the effect estimates in sensi-
tivity analysis for selection bias, blinding and attrition bias 
by excluding studies which we assessed as high or unclear 
risk of bias on their respective domains. If there are 
missing data from index studies, we aim to perform sensi-
tivity analyses to assess how sensitive results are to reason-
able changes. We aim to perform a meta- analysis using 
only low risk of bias studies in the evaluated domains in 
order to judge the robustness of summary statistics.

Confidence in cumulative evidence
Summary of findings’ tables and Grading of Recommendations, 
Assessment, Development and Evaluation
We will use the Grading of Recommendations, Assess-
ment, Development and Evaluation (GRADE) Handbook 
to guide the process of rating the quality of the body of 
evidence across individual outcomes including primary 
outcomes of pain score at rest and adverse events, and 
including all secondary outcomes.47 Quality of the body 
of evidence for the individual outcomes will be assessed 
according to study limitations, risk of bias impreci-
sion, inconsistency of results, indirectness of evidence 
and publication bias.48 Evidence based on RCTs will 
be considered as high- quality unless confidence in the 
evidence is decreased due to study limitations, inconsis-
tency of results, indirectness of evidence, imprecision and 
reporting biases.49 We will assess the quality of evidence for 
indirectness as adequate if the outcome data were based 
on direct comparisons of interest, on the population of 
interest, and on the outcome of interest. If assessed as 
inadequate, we will downgrade the inconsistency by one 
level. In order to judge for imprecision and inconsistency, 
we will examine the 95% CI and the sample size. If the 
statistical test for funnel plot asymmetry suggests publi-
cation bias, we will downgrade the quality of evidence by 
one level.

We will use the GRADEpro software in order to generate 
the ‘summary of findings (SoF)’ table as provided by 
the guidance from the Cochrane handbook.39 We will 
construct an ‘SoF’ table for each primary and secondary 
outcome. We will support each ‘SoF’ table with a gener-
ation of a more detailed ‘Evidence profile’ table. The 
‘Evidence Profile’ tables will provide greater detail than 
‘SoF’ tables of both of the individual considerations 
feeding into the grading of certainty and of the results of 
the studies.50

Meta-biases
We will address publication bias by searching for 
published protocols of relevant studies. We will compare 
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and contrast the structure of the published protocol with 
that of published study findings. Selective reporting of 
outcomes within studies will be reviewed by comparison 
with published protocols, review of study registration 
information on appropriate sources (eg, trial registration 
websites).40 We will construct a funnel plot of studies to 
assess for publication bias. We will assess the funnel plot 
for asymmetry. We will perform Egger’s test to assess 
asymmetry of the funnel plot.51 The exhaustive search 
strategy has been designed in order to maximise study 
capture. Searches for relevant articles will be conducted 
in multiple databases and grey literature, minimising 
selection bias. Through prospective protocol registration 
and publication, we intend to promote transparency and 
replicability of this systematic review and meta- analysis.

PATIENT AND PUBLIC INVOLVEMENT
There was no patient involvement in the design of this 
protocol. We have considered the patient’s needs in 
constructing this protocol by including patient reported 
outcome measures in the secondary outcomes of this 
study.

ETHICS AND DISSEMINATION
There will be no collection of individual patient data. Data 
collected in prior studies will be analysed in this system-
atic review. Therefore, ethics approval has been waived. 
We will disseminate the results of this systematic review 
and meta- analysis in a peer reviewed academic journal.

DISCUSSION
One of the primary underlying issues in spinal surgery 
is the morbidity of pre- existing pain and associated long- 
term analgesic requirements.52 Poorly controlled pain in 
the postoperative period can influence mobility and result 
in increased rate of complications of deep venous throm-
bosis, pulmonary embolism and pneumonia.53 Multi-
modal pain management has the potential to decrease 
postoperative pain, while reducing the total opioid 
consumption.53 Multimodal analgesia bundles have 
been incorporated into most care pathways of enhanced 
recovery in spinal surgery.12 54 55 Intravenous lignocaine 
may have potential as a component of multimodal anal-
gesia in patients undergoing surgery of the spine.

The main strength of our study stands in its design 
aimed at presenting a comprehensive evaluation of the 
effect of intravenous lignocaine infusion use during 
the perioperative period specifically in patients under-
going spinal surgery. By specifically targeting patients 
undergoing spinal surgery, we will be able to provide a 
clear description of both the potentially beneficial and 
harmful effects of this analgesic modality. Our study will 
provide an accurate and comprehensive understanding 
of the current evidence base on the effects of intravenous 

lignocaine on perioperative outcomes in this patient 
population.

Limitations of our study findings will relate to the meth-
odological quality of the included RCTs. We will mitigate 
this by assessing the risk of bias at the study level through 
Cochrane Risk of Bias tool. Risk of bias will be assessed 
across outcomes as a part of the GRADE certainty of 
cumulative estimates tool.56 57 RCTs that are considered 
to have a low risk of bias or to be of high methodolog-
ical quality could have some important design flaws not 
detected by methodological evaluations. Our planned 
outcomes may consist of diverse clinical endpoints, for 
example, variability in study definition of time points. 
We will deal with this limitation through careful evidence 
grading process, however, our study findings may be 
affected. The use of heterogeneous dosage regimens of 
intravenous lignocaine in some of the included studies 
might have an impact on the results observed and, thus, 
on the results of our meta- analysis. We anticipate under-
lying heterogeneity due to the variety of applicable spinal 
surgical procedures. Although we will be using a random- 
effects model to synthesise data, clinical heterogeneity of 
the spinal procedures may affect the validity of the conclu-
sion. Lignocaine administered intravenously has a narrow 
therapeutic index.15 Our review will not assess the extent 
of the therapeutic drug monitoring undertaken by indi-
vidual studies. In the light of this, safety of intravenous 
lignocaine administration cannot be confirmed as we will 
not be assessing the plasma levels of lignocaine.58 59

Intravenous lignocaine as an anaesthetic adjuvant may 
have the ability to improve the impact of multimodal anal-
gesic regimens in spinal surgery. We expect our results 
will have implications for the assessment of the impact 
of perioperative intravenous lignocaine administration in 
patients undergoing spinal surgery.
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