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Abstract

recovery after cardiac surgery.

Objective: Lidocaine is one of the most widely used local anesthetics with well-known pharmacological properties.
The purpose of this systematic review is to investigate the effects of lidocaine on postoperative pain scores and

Methods: A comprehensive database search was conducted by a reference librarian for randomized clinical trials
(RCT) from January 1, 1980 to September 1, 2019. Eligible study designs included randomized controlled trials of
lidocaine for postoperative pain management in adults undergoing cardiac surgery. After removal of duplicates, 947
records were screened for eligibility and 3 RCTs met inclusion criteria.

Results: Sources of bias were identified in 2 of 3 RCTs. Lidocaine was administered intravenously, topically, and
intrapleurally. Key findings included [1] 2% lidocaine placed topically on chest tube prior to intraoperative insertion
was associated with significantly lower pain scores and lower cumulative doses of fentanyl; and [2] 2% lidocaine
administered intrapleurally was associated with significantly lower pain scores and significant improvements in
pulmonary mechanics. Lidocaine infusions were not associated with significant changes in pain scores or measures
of recovery. No significant associations were observed between lidocaine and overall mortality, hospital length of
stay or ICU length of stay. No data were reported for postoperative nausea and vomiting or arrhythmias.

Conclusions: Due to the favorable risk profile of topical lidocaine and the need for further advancements in the
postoperative care of adults after cardiac surgery, topically administered lidocaine could be considered for
incorporation into established postoperative recovery protocols.
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Introduction

Cardiac surgery, compared to other major surgical pro-
cedures, is associated with considerable pain [1], and
research aimed at optimizing postoperative pain man-
agement is ongoing [2]. Pain after cardiac surgery is
most severe on postoperative day (POD) 1 and 2 [3, 4].
Although pain diminishes throughout the postoperative
period, nearly half of patients continue to report severe
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pain at rest on POD 4 [5]. The location of pain changes
throughout the postoperative period. During the early
postoperative course, the majority of severe pain involves
the primary operative site but, after POD 2, other im-
portant areas of pain include the lower extremities, due
to vein extraction, and shoulders [4, 5]. Coughing, mov-
ing, turning, deep breathing and using incentive spirom-
etry are associated with pain through POD 4 and POD 6
[3, 5]. Effective management of acute postoperative pain
is important because greater acute pain severity during
the postoperative period is associated with development
of chronic postoperative pain [6, 7].
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In the Enhanced Recovery After Surgery Society rec-
ommendations for perioperative cardiac surgery care,
multimodal opioid-sparing pain management plans are
strongly recommended (Class I recommendation) [8].
Multimodal pain management after cardiac surgery fre-
quently incorporates local anesthetics administered
intravenously, infiltrated perineurally, or infused into the
epidural space [9]. Lidocaine is widely used in the peri-
operative period but, unlike other local anesthetic drugs,
topical formulations of lidocaine are readily available
and it can be safely administered as an intravenous
infusion which expands the therapeutic uses of this par-
ticular drug. However, the effects of lidocaine on postop-
erative pain and recovery after cardiac surgery have not
been systematically reviewed. Thus, the primary object-
ive of this systematic review is to investigate the effects
of lidocaine on postoperative pain scores after cardiac
surgery. Secondary objectives include investigating the
effects of lidocaine on postoperative opioid consump-
tion, rate of postoperative nausea and vomiting, and hos-
pital length of stay. In addition, adverse effects
associated with lidocaine, including arrhythmias and all-
cause mortality, will be documented.

Methods

Study protocol

Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines [10] were followed. An a priori
protocol was followed. The trial was registered in the
PROSPERO database (CRD42020152017) [11].

Search strategy

The medical literature was searched by a medical refer-
ence librarian for content about the postoperative effects
of lidocaine after cardiac surgery. The search strategies
were created using a combination of keywords and stan-
dardized indexing terms. A comprehensive search of da-
tabases from January 1, 1980 to September 1, 2019 was
conducted. Manuscripts were restricted to the English
language. Searches were executed in ClinicalTrials.gov,
Ovid EBM Reviews, Ovid Embase, Ovid Medline, Sco-
pus, and Web of Science. Search strategies are presented
in Additional file 1: Appendix A.

Study selection process

Study inclusion criteria included (1) randomized clinical
trials (RCTs); (2) studies that assessed postoperative pain
and recovery in patients after cardiac surgery; (3) studies
that assessed the use of topical, intravenous, or other
routes of lidocaine administration; (4) studies from 1980
to present day; and (5) studies in the English language.
Exclusion criteria included (1) studies of non-cardiac
surgery patients; and (2) non-human studies.
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Two independent pairs of reviewers screened all titles
and abstracts identified by the search strategy in the first
review phase. In the second review phase, the two pairs
of independent reviewers screened the full text of all
studies identified in the first phase and applied inclusion
and exclusion criteria. No disagreements on inclusion
were observed during study selection.

Data extraction

Data were extracted by four independent reviewers using
a templated electronic database. Data abstracted in-
cluded postoperative pain scores, postoperative opioid
consumption, postoperative nausea and vomiting, and
hospital length of stay. Lidocaine side effects were also
abstracted including arrhythmias and all-cause mortality.

Risk of Bias assessment

Study quality was assessed using Cochrane’s Risk of Bias
tool (RoB2) and the assessment was reported as an over-
all risk of bias [12]. The overall risk of bias using RoB2
is judged to be “low risk of bias,” “some concerns for
bias,” or “high risk of bias.” [12] Reviewer discrepancy
was resolved by consensus or by a third reviewer. Cer-
tainty in the estimates of the effect of lidocaine on pain
was evaluated using the GRADE approach [13] adapted
for use with quantitative data that are not combinable in
meta-analysis [14].

Evidence synthesis

Due to heterogeneity in study characteristics, settings,
and outcomes, a meta-analysis was not feasible; thus, the
results are presented using a narrative approach. A nar-
rative approach can be used when a content area has
been studied using disparate methods and the outcomes
were variable [15, 16]. This approach is useful when key
clinical factors vary between studies. Narrative methods
for evidence synthesis have been used to study various
populations of patients with pain [17-22].

Results

Characteristics of included studies

A flow diagram of the study selection process is depicted
in Fig. 1. Three studies [23-25] met inclusion and exclu-
sion criteria (Table 1), and were included in the qualita-
tive analysis. All studies were RCTs involving patients
who underwent a median sternotomy for coronary artery
bypass graft surgery. The route of lidocaine administra-
tion in these studies included an intravenous infusion
[23], topical application [24] and intrapleural injection
[25]. The primary outcome for each of these studies was
postoperative pain scores measured using a visual
analogue scale (VAS) or numeric rating scale (NRS)
assessed at time intervals ranging from 4h to 4days
postoperatively. Studies that used a VAS presented
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(n=947)

A 4

Records screened
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A4
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A 4
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(n=3)

A4

Full-text articles excluded, with
reasons (n=81)

* NoRCT design (n=42)
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* No pain measurement (n=15)
* Abstractonly (n=8)

Fig. 1 Preferred reporting items for systematic reviews and meta-analyses flow chart of the study selection process. Note: Reproduced from
Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews and metaanalyses: the PRISMA statement.
BMJ. 2009,339:b2535 [10]

patients with a 10 cm visual scale labeled either 0 to 10
[23] or 0 to 100 [24]; a score of O denoted no pain and
the maximum scores of 10 or 100 denoted the worst
possible pain. In the study that used the NRS [25], pain
was rated on a scale between 0 to 10 where 0 denoted

Table 1 Study characteristics

no pain and 10 denoted the worse possible pain. One
study [23] reported postoperative pain scores at hours 4,
8 and 16. All three studies [23-25] reported postopera-
tive pain scores at hours 24 and 48. Two studies [23, 24]
reported mortality data and one study [23] reported

Author  Study Participants Intervention vs. Timeline Primary Secondary outcome Follow- Drop Risk of
design control outcome up outs bias
period
Insler, Randomized  n=100; MS IV lidocaine infusion Anesthesia induction  VAS pain ICU hemodynamics; MI; ICU 1 Some
2009 [23] double-blind  for CABG; (n=44) vs. placebo until either ICU score at PO extubation time; sedation score;  dismissal concerns
placebo- mean age substitute (n =45) dismissal or PO hour  hours 4,8, PO fentanyl, midazolam, or PO
controlled 63 years; 72% 48 16, 24, 48, propranolol doses; ICU and hour 48
trial male 96 hospital length of stay
Kang, Randomized  n=45; MS Topical lidocaine 2%  Single application VAS pain Cumulative PCA fentanyl PCA; POD 7 3 Low
2014 [24] placebo- for CABG, gel on chest tubes with intraoperative scores at number of PCA button pushes;
controlled mean age (n=22) vs. normal insertion of chest extubation  chest tube worse site of pain
trial 68 years; 67% saline placebo (n = tubes and POD 1,
male 23) 2,3,7
Mashaqi, Randomized, n=40; MS Intrapleural 12mL 2%  Single injection on NRS pain FEV1 before and after injections ~ POD 2 0 High
2018 [25] double-blind  for CABG; lidocaine (n=20)vs.  POD 1 and 2; scores on on POD 1 and POD 2
placebo- age and sex  12mL 0.9% saline administered via left-  POD 1 and
controlled not reported  solution placebo (= sided double-lumen  POD 2
trial 20) chest tube

CABG coronary artery bypass graft, MS median sternotomy, IV intravenous, ICU intensive care unit, Ml myocardial infarction, POD postoperative day, PO

postoperative, VAS visual analog scale, NRS numerical analog scale, PCA patient controlled analgesia, FEV1 forced expiratory volume at one second
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intensive care unit and hospital length of stay. Data
about postoperative nausea and vomiting, and arrhyth-
mias were not reported. Other outcomes varied between
studies and included (1) cumulative postoperative opioid
dose, (2) benzodiazepine dose; (3) beta-blocker dose; (4)
frequency of patient controlled analgesia (PCA) button
pushes; (5) proportion of patients reporting chest tubes
as the most painful site; (6) postoperative day of chest
tube removal; (7) mean forced expiratory volume at 1
sec (FEV1) on POD 1; (8) sedation scores; (9) occurrence
of postoperative myocardial infarction; and (10) time to
extubation.

Risk of Bias evaluation

The RoB2 was used to assess bias in the 3 studies. One
study demonstrated a high risk of bias [25], one study
had some concerns for bias [23], and one study had a
low risk of bias [24]. In the study that had a high risk of
bias [25], information about the method of
randomization or blinding were not included. In the
study that had some concerns for bias [23], potential
reporting biases were identified because greater than
10% of patients were excluded for protocol deviations,
excessive bleeding, supratherapeutic lidocaine serum
levels, and use of multiple ionotropic medications.

Pain intensity

All three studies reported pain intensity using the VAS
[23, 24] or NRS [25]. Postoperative pain scores were re-
ported across a range of time intervals spanning 4 h to 4
days.

In the Insler et al. study [23] patients were randomized
to receive an intravenous lidocaine or placebo infusion
from induction of general anesthesia to postoperative
hour 48 or intensive care unit (ICU) dismissal, which-
ever came first. The VAS was assessed at hours 4, 8, 16,
24, 48, and 96 after ICU admission. No statistically sig-
nificant difference in pain scores were observed between
the lidocaine and control groups [23]. The certainty in
evidence was very low due to severe imprecision.

In the Kang et al. study [24], patients were randomized
to receive an application of topical 2% lidocaine gel or
normal saline as a placebo on chest tubes prior to intra-
operative placement. At the time of extubation and on
POD 1, 2 or 3 patients in the lidocaine group reported
significantly lower chest tube-related pain scores com-
pared to the placebo group. Similarly, at the time of
extubation and on postoperative day 7, the proportion of
patients who reported the chest tube site as the “most
painful site” was significantly less in the lidocaine group
compared to the placebo group. The certainty in evi-
dence was low due to imprecision.

In the Mashagqi et al. study [25], patients were random-
ized to receive 12ml of 2% lidocaine intrapleurally or a
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saline solution placebo on POD 1 and 2. Mean pain
scores were significantly different pre- and post-
intrapleural injection in the lidocaine group compared to
the placebo group on POD 1 and 2. The certainty in evi-
dence was very low due to severe imprecision.

Opioid-sparing effects

Two studies [23, 24] reported the cumulative opioid
dose during the postoperative hospital stay. Insler et al.
[23] reported the cumulative postoperative fentanyl dose
administered via a nurse-driven protocol. No significant
group difference in cumulative fentanyl dose was ob-
served between the lidocaine and placebo groups.

Kang et al. [24] reported the cumulative postoperative
fentanyl dose administered via PCA and the number of
PCA button pushes was also recorded. The cumulative
fentanyl dose was significantly lower in the group that
received topical lidocaine on chest tubes prior to inser-
tion compared to placebo. Similarly, the number of PCA
button pushes was significantly lower in the group that
received topical lidocaine compared to placebo.

Mortality and hospital length of stay

Two studies reported mortality data. Insler et al. [23] re-
ported one death in the lidocaine infusion group that
was determined not to be related to lidocaine, and Kang
et al. [24] reported no deaths attributed to “surgical
mortality.” In the Insler et al. [23] study, data were re-
ported about ICU and hospital length of stay but no
between-group differences in either measure were
observed.

Forced expiratory volume at 1s

In the Mashaqi et al. [25] study, patients randomized to
the intrapleural lidocaine group experienced statistically
significant improvements in FEV1 compared to placebo
on POD 1 and 2.

Discussion

The key findings of this systematic review include (1) 2%
lidocaine placed topically on chest tubes prior to intra-
operative insertion was associated with significantly
lower pain scores and lower cumulative doses of fentanyl
(certainty in evidence low); and (2) 2% lidocaine admin-
istered intrapleurally was associated with significantly
lower pain scores and significant improvements in FEV1
(certainty in evidence very low). However, lidocaine infu-
sions were not associated with significant changes in
pain scores, and no significant associations were ob-
served between postoperative lidocaine use and overall
mortality, hospital length of stay or ICU length of stay
(certainty in evidence very low). No data were reported
for other secondary outcome measures including post-
operative nausea and vomiting or arrhythmias.
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The results of this study suggest that the pharmacol-
ogy of topical lidocaine warrants further consideration.
Lidocaine contains an amide and tertiary amine group,
and the pKa is 7.9 [26]. At equilibrium, lidocaine exists
as a positively charged cation and an uncharged free
base. Basic conditions increase the proportion of free
base that exists in solution; this is important because the
free base of lidocaine penetrates the lipid containing
layer of outer skin, the stratum corneum, and mucosal
membranes [27]. The mean depth of skin penetration
following topical application of a lidocaine and prilo-
caine mixture is 5 to 6 mm [28, 29], but the depth of
mucosal penetration remains undetermined. The local
anesthetic effects of lidocaine are produced predomin-
ately by blockade of voltage-gated sodium channels
which inhibit neuronal depolarization, and the formation
and propagation of action potentials [26]. In addition to
the direct analgesic effects on sodium channels, lidocaine
has anti-inflammatory effects. In preclinical [30-33] and
clinical studies [34, 35], lidocaine reduces macrophage
activation and recruitment; blocks production of tumor
necrosis factor and interleukin-6; and inhibits prosta-
glandin, thromboxane, and histamine release. The com-
bined local anesthetic and anti-inflammatory effects of
lidocaine provide an underlying pharmacological mech-
anism for the clinical effects observed in the Kang el al
[24]. and Mashaqi et al. [25] studies.

Lidocaine infusions have been associated with im-
provements in postoperative pain, reduced postopera-
tive opioid use, reduced incidence of nausea and
vomiting, and reduced length of hospital stay in pa-
tients after non-cardiac surgery [36-—38]. However,
these favorable postoperative outcomes were not
reproduced in the Insler et al. [23] study despite re-
cruitment of an appropriately powered cohort, use of
adequate lidocaine dosages for a sufficient time
period, and documentation of therapeutic lidocaine
serum levels. One possible explanation for these con-
trasting findings is the systemic inflammatory re-
sponse produced by cardiopulmonary bypass [39].
This is an important consideration because cardiopul-
monary bypass clearly distinguishes cardiac surgery
from other major surgical procedures. Following
intravenous administration, 70% of lidocaine is metab-
olized to N-ethylglycine [40] which is a competitive
inhibitor of glycine transporter 1 [41]. This trans-
porter regulates extracellular glycine which is the
main inhibitory neurotransmitter in the spinal cord
and brain stem [42]. Inhibition of glycine transporter
1 by N-ethylglycine leads to increases in serum and
cerebrospinal fluid glycine concentrations, and is asso-
ciated with anti-nociceptive effects in preclinical stud-
ies [41, 43]. More specifically, following systemic
administration in an experimental pain model, N-
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ethylglycine attenuates acute inflammatory hyperalge-
sia [43]. However, the effects of N-ethylglycine on
glycine transporter function may be disrupted by the
physiological responses to cardiopulmonary bypass. In
preclinical studies, intracerebral glycine concentrations
were significantly elevated above baseline levels during
(1) hypothermic circulatory arrest; (2) cardiopulmo-
nary bypass reperfusion; and (3) glycine levels
remained elevated for 2 to 8h after hypothermic cir-
culatory arrest [44—46]. Thus, in patients undergoing
cardiac surgery, a key mechanism responsible for the
analgesic effects of intravenous lidocaine infusions
may be disrupted by the abrupt changes in glycine
concentrations that occur in response to cardiopul-
monary bypass.

The findings of this systematic review have implica-
tions for clinical practice and future research. First,
the postoperative benefits and low risk profile of top-
ical lidocaine suggests that intrapleural lidocaine and
placement of lidocaine gel on chest tubes could be
incorporated into established recovery protocols [8].
Second, topical lidocaine was associated with im-
provements in pain and recovery, but the findings
need to be replicated in future RCTs. Third, although
intravenous lidocaine infusions were not associated
with significant changes in postoperative pain and re-
covery, future RCTs should be considered for patients
receiving cardiac surgery that does not require cardio-
pulmonary bypass.

This review has limitations. Although a comprehensive
search strategy identified 947 records, only 3 RCTs met
criteria for inclusion. Thus, additional RCTs of lidocaine
for postoperative pain and recovery after cardiac surgery
are needed. Two of three RCTs were found to be at risk
of bias [23, 25], and the certainty in evidence for all
RCTs ranged from low to very low. Consequently, the
results of this systematic review should be interpreted in
light of the identified risk of bias, and the low to very
low certainty in evidence of the three RCTs that met our
inclusion and exclusion criteria. Finally, no data were re-
ported for important secondary outcome measures
including postoperative nausea and vomiting, or
arrhythmias.

Conclusions

In conclusion, although topical lidocaine was associated
with improvements in postoperative pain and measures
of recovery, the results of these RCTs need to be repli-
cated in in future clinical trials. Lidocaine infusions have
proven benefits for patients after non-cardiac surgery
but ongoing work is needed to understand the potential
impact that cardiopulmonary bypass has on the postop-
erative effects of lidocaine infusions. These results
should be interpreted with full knowledge of the risk of
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bias, and the low to very low certainty in evidence that
characterize the RCTs comprising this systematic review.
However, due the favorable risk profile of topical lido-
caine and the need for further advancements in the post-
operative care of adults after cardiac surgery [47],
topically administered lidocaine could be considered for
incorporation into established postoperative recovery
pathways.

Abbreviations

POD: Postoperative day; RCT: Randomized clinical trial; RoB2: Cochrane’s Risk
of Bias tool; VAS: Visual analogue scale; NRS: Numeric rating scale;

PCA: Patient controlled analgesia; FEV1: Forced expiratory volume at one
second; ICU: Intensive care unit

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/513019-021-01549-0.

[ Additional file 1. J

Acknowledgements
No acknowledgements to report.

Authors’ contributions

MRB: conceptualization, methodology, formal analysis, investigation, data
curation, writing original draft. RNM: conceptualization, methodology, formal
analysis, investigation, data curation, writing original draft, reviewing and
editing, project administration. MB: conceptualization, methodology, formal
analysis, investigation, data curation. HG: conceptualization, methodology,
formal analysis, investigation, data curation. JM: conceptualization,
methodology, formal analysis, investigation, data curation. DJG:
methodology, formal analysis, investigation, data curation. EW:
conceptualization, methodology, formal analysis, investigation, data curation,
writing original draft, reviewing and editing. MHM: conceptualization,
methodology, formal analysis, investigation, data curation, reviewing and
editing, supervision. WMH: conceptualization, methodology, formal analysis,
investigation, data curation, reviewing and editing, supervision, project
administration. The author(s) read and approved the final manuscript.

Funding
No funding to report.

Availability of data and materials
No supporting data to report.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
All authors have approved the manuscript for publication.

Competing interests
No competing interests to report.

Author details

'Department of Anesthesiology and Perioperative Medicine, Mayo Clinic, 200
First St SW, Rochester, MN 55902, USA. 2Mayo Clinic Library, Mayo Clinic,
Rochester, MN, USA. >Division of Preventative Medicine, Department of
Internal Medicine, Mayo Clinic, Rochester, MN, USA. “Division of Pain
Medicine, Mayo Clinic, Rochester, MN, USA.

Page 6 of 7

Received: 29 August 2020 Accepted: 24 May 2021
Published online: 31 May 2021

References

1. Gerbershagen HJ, Aduckathil S, van Wijck AJ, et al. Pain intensity on the first
day after surgery: a prospective cohort study comparing 179 surgical
procedures. Anesthesiology. 2013;118(4):.934-44. https://doi.org/10.1097/A
LN.Ob013e31828866b3.

2. Jayakumar S, Borrelli M, Milan Z, Kunst G, Whitaker D. Optimising pain
management protocols following cardiac surgery: a protocol for a national
quality improvement study. Int J Surg Protoc. 2019;14:1-8. https.//doi.org/1
0.1016/}.i5jp.2018.12.002.

3. Milgrom LB, Brooks JA, Qi R, Bunnell K, Wuestefeld S, Beckman D. Pain levels
experienced with activities after cardiac surgery. Am J Crit Care. 2004;13(2):
116-25. https.//doi.org/10.4037/ajcc2004.13.2.116.

4. Mueller XM, Tinguely F, Tevaearai HT, Revelly JP, Chioléro R, von Segesser
LK. Pain location, distribution, and intensity after cardiac surgery. Chest.
2000;118(2):391-6. https.//doi.org/10.1378/chest.118.2.391.

5. Lahtinen P, Kokki H, Hynynen M. Pain after cardiac surgery: a prospective
cohort study of 1-year incidence and intensity. Anesthesiology. 2006;105(4):
794-800. https://doi.org/10.1097/00000542-200610000-00026.

6. Choiniere M, Watt-Watson J, Victor JC, et al. Prevalence of and risk factors
for persistent postoperative nonanginal pain after cardiac surgery: a 2-year
prospective multicentre study. CMAJ. 2014;186(7):E213-23. https://doi.org/1
0.1503/cmaj.131012.

7. Guimaraes-Pereira L, Farinha F, Azevedo L, Abelha F, Castro-Lopes J.
Persistent postoperative pain after cardiac surgery: incidence,
characterization, associated factors and its impact in quality of life. Eur J
Pain. 2016;20(9):1433-42. https://doi.org/10.1002/ejp.866.

8. Engelman DT, Ben Ali W, Williams JB, Perrault LP, Reddy VS, Arora RC, et al.
Guidelines for perioperative care in cardiac surgery: enhanced recovery after
surgery society recommendations. JAMA Surg. 2019 [Epub ahead of print];
154(8):755-66. https;//doi.org/10.1001/jamasurg.2019.1153.

9. Noss C, Prusinkiewicz C, Nelson G, Patel PA, Augoustides JG, Gregory AJ.
Enhanced recovery for cardiac surgery. J Cardiothorac Vasc Anesth. 2018;
32(6):2760~70. https://doi.org/10.1053/jjvca.2018.01.045.

10.  Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting
items for systematic reviews and meta-analyses: the prisma statement. BMJ.
2009;339:b2535. https://doi.org/10.1136/bm;j.b2535.

11. Booth A, Clarke M, Ghersi D, Moher D, Petticrew M, Stewart L. An
international registry of systematic-review protocols. Lancet. 2011,377(9760):
108-9. https://doi.org/10.1016/50140-6736(10)60903-8.

12. Sterne JAC, Savovic J, Page MJ, et al. Rob 2: a revised tool for assessing risk
of bias in randomised trials. BMJ. 2019;366:14898.

13. Murad MH. Clinical practice guidelines: a primer on development and
dissemination. Mayo Clin Proc. 2017;92(3):423-33. https.//doi.org/10.1016/j.
mayocp.2017.01.001.

14. Murad MH, Mustafa RA, Schunemann HJ, Sultan S, Santesso N. Rating
the certainty in evidence in the absence of a single estimate of effect.
Evid Based Med. 2017;22(3):85-7. https://doi.org/10.1136/ebmed-2017-11
0668.

15.  Greenhalgh T, Robert G, Macfarlane F, Bate P, Kyriakidou O, Peacock R.
Storylines of research in diffusion of innovation: a meta-narrative approach
to systematic review. Soc Sci Med. 2005;61(2):417-30. https;//doi.org/10.101
6/j.socscimed.2004.12.001.

16. Wong G, Greenhalgh T, Westhort G, Pawson R. Development of
methodological guidance, publication standards and training materials for
realist and meta-narrative reviews: the rameses (realist and meta-narrative
evidence syntheses - evoling standards) project. Health Serv Deliv Res. 2014;
2(30):1-278. https://doi.org/10.3310/hsdr02300.

17. Hooten WM, Dvorkin J, Warner NS, Pearson ACS, Murad MH, Warner DO.
Characteristics of physicians who prescribe opioids for chronic pain: a meta-
narrative systematic review. J Pain Res. 2019;12:2261-89. https://doi.org/1
0.2147/JPR.S202376.

18. MacNeela P, Doyle C, O'Gorman D, Ruane N, McGuire BE. Experiences of
chronic low back pain: a meta-ethnography of qualitative research. Health
Psychol Rev. 2015;9(1):63-82. https://doi.org/10.1080/17437199.2013.840951.

19. Sim J, Madden S. lliness experience in fibromyalgia syndrome: a
metasynthesis of qualitative studies. Soc Sci Med. 2008,67(1):57-67. https.//
doi.org/10.1016/j.socscimed.2008.03.003.


https://doi.org/10.1186/s13019-021-01549-0
https://doi.org/10.1186/s13019-021-01549-0
https://doi.org/10.1097/ALN.0b013e31828866b3
https://doi.org/10.1097/ALN.0b013e31828866b3
https://doi.org/10.1016/j.isjp.2018.12.002
https://doi.org/10.1016/j.isjp.2018.12.002
https://doi.org/10.4037/ajcc2004.13.2.116
https://doi.org/10.1378/chest.118.2.391
https://doi.org/10.1097/00000542-200610000-00026
https://doi.org/10.1503/cmaj.131012
https://doi.org/10.1503/cmaj.131012
https://doi.org/10.1002/ejp.866
https://doi.org/10.1001/jamasurg.2019.1153
https://doi.org/10.1053/j.jvca.2018.01.045
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1016/S0140-6736(10)60903-8
https://doi.org/10.1016/j.mayocp.2017.01.001
https://doi.org/10.1016/j.mayocp.2017.01.001
https://doi.org/10.1136/ebmed-2017-110668
https://doi.org/10.1136/ebmed-2017-110668
https://doi.org/10.1016/j.socscimed.2004.12.001
https://doi.org/10.1016/j.socscimed.2004.12.001
https://doi.org/10.3310/hsdr02300
https://doi.org/10.2147/JPR.S202376
https://doi.org/10.2147/JPR.S202376
https://doi.org/10.1080/17437199.2013.840951
https://doi.org/10.1016/j.socscimed.2008.03.003
https://doi.org/10.1016/j.socscimed.2008.03.003

Boswell et al. Journal of Cardiothoracic Surgery

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

(2021) 16:157

Snelgrove S, Liossi C. Living with chronic low back pain: a metasynthesis of
qualitative research. Chronic Illn. 2013;9(4):283-301. https://doi.org/10.1177/1
742395313476901.

Toye F, Seers K, Allcock N, Briggs M, Carr E, Andrews JA, et al. Patients'
experiences of chronic non-malignant musculoskeletal pain: a qualitative
systematic review. Br J Gen Pract. 2013;63(617):€829-41. https;//doi.org/1
0.3399/bjgp13X675412.

Wong AYL, Forss KS, Jakobsson J, Schoeb V, Kumlien C, Borglin G. Older
adult's experience of chronic low back pain and its implications on their
daily life: study protocol of a systematic review of qualitative research. Syst
Rev. 2018;7(1):81. https://doi.org/10.1186/513643-018-0742-5.

Insler SR, O'Connor M, Samonte AF, Bazaral MG. Lidocaine and the
inhibition of postoperative pain in coronary artery bypass patients. J
Cardiothorac Vasc Anesth. 1995,9(5):541-6. https://doi.org/10.1016/S1053-
0770(05)80138-7.

Kang H, Chung YS, Choe JW, Woo YC, Kim SW, Park SJ, et al. Application of
lidocaine jelly on chest tubes to reduce pain caused by drainage catheter
after coronary artery bypass surgery. J Korean Med Sci. 2014;29(10):1398-
403. https://doi.org/10.3346/jkms.2014.29.10.1398.

Mashagi B, Ismail I, Siemeni TT, Ruemke S, Fleissner F, Zhang R, et al. Local
anesthetics delivered through pleural drainages improve pain and lung
function after cardiac surgery. Thorac Cardiovasc Surg. 2018,66(2):198-202.
https.//doi.org/10.1055/5-0035-1558994.

Catterall WA, Mackie K. Chapter 22: local anesthetics. In: Brunton LL, Hilal-
Dandan R, Knollmann BC, editors. Goodman & gilman's the pharmacological
basis of therapeutics. 13th ed. New York, NY: McGraw-Hill; 2018.

Barkin RL. The pharmacology of topical analgesics. Postgrad Med. 2013;
125(sup1):7-18. https://doi.org/10.1080/00325481.2013.1110566911.

Bjerring P, Arendt-Nielsen L. Depth and duration of skin analgesia to needle
insertion after topical application of emla cream. Br J Anaesth. 1990;,64(2):
173-7. https://doi.org/10.1093/bja/64.2.173.

Wahlgren CF, Quiding H. Depth of cutaneous analgesia after application of
a eutectic mixture of the local anesthetics lidocaine and prilocaine (emla
cream). J Am Acad Dermatol. 2000;42(4):584-8. https://doi.org/10.1067/
mjd.2000.104303.

Lin S, Jin P, Shao C, Lu W, Xiang Q, Jiang Z, et al. Lidocaine attenuates
lipopolysaccharide-induced inflammatory responses and protects against
endotoxemia in mice by suppressing hif1alpha-induced glycolysis. Int
Immunopharmacol. 2020,80:106150. https//doi.org/10.1016/jintimp.2019.106150.
Feng G, Liu S, Wang GL, Liu GJ. Lidocaine attenuates lipopolysaccharide-
induced acute lung injury through inhibiting nf-kappab activation.
Pharmacology. 2008;81(1):32-40. https.//doi.org/10.1159/000107792.

Yanagi H, Sankawa H, Saito H, likura Y. Effect of lidocaine on histamine
release and ca2+ mobilization from mast cells and basophils. Acta
Anaesthesiol Scand. 1996;40(9):1138-44. https://doi.org/10.1111/j.1399-
6576.1996.tb05577 x.

Joo JD, Choi JW, In JH, et al. Lidocaine suppresses the increased
extracellular signal-regulated kinase/cyclic amp response element-binding
protein pathway and pro-inflammatory cytokines in a neuropathic pain
model of rats. Eur J Anaesthesiol. 2011;28(2):106-11. https://doi.org/10.1097/
EJA.0b013e32834050fb.

Wang HL, Yan HD, Liu YY, et al. Intraoperative intravenous lidocaine exerts a
protective effect on cell-mediated immunity in patients undergoing radical
hysterectomy. Mol Med Rep. 2015;12(5):7039-44. https://doi.org/10.3892/
mmr.2015.4235.

Yardeni IZ, Beilin B, Mayburd E, Levinson Y, Bessler H. The effect of
perioperative intravenous lidocaine on postoperative pain and immune
function. Anesth Analg. 2009;109(5):1464-9. https.//doi.org/10.1213/ANE.
0b013e3181bab1bd.

Weibel S, Jokinen J, Pace NL, Schnabel A, Hollmann MW, Hahnenkamp K,
et al. Efficacy and safety of intravenous lidocaine for postoperative analgesia
and recovery after surgery: a systematic review with trial sequential analysis.
Br J Anaesth. 2016;116(6):770-83. https.//doi.org/10.1093/bja/aew101.
Vigneault L, Turgeon AF, Cote D, et al. Perioperative intravenous lidocaine
infusion for postoperative pain control: a meta-analysis of randomized
controlled trials. Can J Anaesth. 2011;58(1):22-37. https://doi.org/10.1007/512
630-010-9407-0.

Ventham NT, Kennedy ED, Brady RR, Paterson HM, Speake D, Foo |, et al.
Efficacy of intravenous lidocaine for postoperative analgesia following
laparoscopic surgery: a meta-analysis. World J Surg. 2015;39(9):2220-34.
https://doi.org/10.1007/500268-015-3105-6.

39.

40.

41.

42.

43.

45.

46.

47.

Page 7 of 7

Landis RC, Brown JR, Fitzgerald D, Likosky DS, Shore-Lesserson L, Baker RA,
et al. Attenuating the systemic inflammatory response to adult
cardiopulmonary bypass: a critical review of the evidence base. J Extra
Corpor Technol. 2014;46(3):197-211.

Bennett PN, Aarons LJ, Bending MR, Steiner JA, Rowland M.
Pharmacokinetics of lidocaine and its deethylated metabolite: dose and
time dependency studies in man. J Pharmacokinet Biopharm. 1982,10(3):
265-81. https://doi.org/10.1007/BF01059261.

Werdehausen R, Kremer D, Brandenburger T, Schidsser L, Jadasz J, Kury P,
et al. Lidocaine metabolites inhibit glycine transporter 1: a novel
mechanism for the analgesic action of systemic lidocaine? Anesthesiology.
2012;116(1):147-58. https://doi.org/10.1097/ALN.0b013e31823cf233.

Dutertre S, Becker CM, Betz H. Inhibitory glycine receptors: an update. J Biol
Chem. 2012;287(48):40216-23. https://doi.org/10.1074/jbc.R112.408229.
Werdehausen R, Mittnacht S, Bee LA, Minett MS, Armbruster A, Bauer |, et al.
The lidocaine metabolite n-ethylglycine has antinociceptive effects in
experimental inflammatory and neuropathic pain. Pain. 2015;156(9):1647-59.
https://doi.org/10.1097/pain.0000000000000206.

Tseng EE, Brock MV, Kwon CC, Annanata M, Lange MS, Troncoso JC, et al.
Increased intracerebral excitatory amino acids and nitric oxide after
hypothermic circulatory arrest. Ann Thorac Surg. 1999;,67(2):371-6. https://
doi.org/10.1016/50003-4975(99)00033-8.

Tseng EE, Brock MV, Lange MS, Troncoso JC, Blue ME, Lowenstein CJ, et al.
Glutamate excitotoxicity mediates neuronal apoptosis after hypothermic
circulatory arrest. Ann Thorac Surg. 2010;89(2):440-5. https://doi.org/10.101
6/j.athoracsur.2009.10.059.

Zhu M, Zhao Y, Zheng Y, Su D, Wang X. Relative higher hematocrit
attenuates the cerebral excitatory amino acid elevation induced by deep
hypothermic circulatory arrest in rats. Ther Hypothermia Temp Manag. 2013;
3(3):140-2. https://doi.org/10.1089/ther.2013.0004.

Gregory AJ, Grant MC, Manning MW, Cheung AT, Ender J, Sander M, et al.
Enhanced recovery after cardiac surgery (eras cardiac) recommendations: an
important first step-but there is much work to be done. J Cardiothorac Vasc
Anesth. 2020;34(1):39-47. https://doi.org/10.1053/jjvca.2019.09.002.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1177/1742395313476901
https://doi.org/10.1177/1742395313476901
https://doi.org/10.3399/bjgp13X675412
https://doi.org/10.3399/bjgp13X675412
https://doi.org/10.1186/s13643-018-0742-5
https://doi.org/10.1016/S1053-0770(05)80138-7
https://doi.org/10.1016/S1053-0770(05)80138-7
https://doi.org/10.3346/jkms.2014.29.10.1398
https://doi.org/10.1055/s-0035-1558994
https://doi.org/10.1080/00325481.2013.1110566911
https://doi.org/10.1093/bja/64.2.173
https://doi.org/10.1067/mjd.2000.104303
https://doi.org/10.1067/mjd.2000.104303
https://doi.org/10.1016/j.intimp.2019.106150
https://doi.org/10.1159/000107792
https://doi.org/10.1111/j.1399-6576.1996.tb05577.x
https://doi.org/10.1111/j.1399-6576.1996.tb05577.x
https://doi.org/10.1097/EJA.0b013e32834050fb
https://doi.org/10.1097/EJA.0b013e32834050fb
https://doi.org/10.3892/mmr.2015.4235
https://doi.org/10.3892/mmr.2015.4235
https://doi.org/10.1213/ANE.0b013e3181bab1bd
https://doi.org/10.1213/ANE.0b013e3181bab1bd
https://doi.org/10.1093/bja/aew101
https://doi.org/10.1007/s12630-010-9407-0
https://doi.org/10.1007/s12630-010-9407-0
https://doi.org/10.1007/s00268-015-3105-6
https://doi.org/10.1007/BF01059261
https://doi.org/10.1097/ALN.0b013e31823cf233
https://doi.org/10.1074/jbc.R112.408229
https://doi.org/10.1097/j.pain.0000000000000206
https://doi.org/10.1016/S0003-4975(99)00033-8
https://doi.org/10.1016/S0003-4975(99)00033-8
https://doi.org/10.1016/j.athoracsur.2009.10.059
https://doi.org/10.1016/j.athoracsur.2009.10.059
https://doi.org/10.1089/ther.2013.0004
https://doi.org/10.1053/j.jvca.2019.09.002

	Abstract
	Objective
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study protocol
	Search strategy
	Study selection process
	Data extraction
	Risk of Bias assessment
	Evidence synthesis

	Results
	Characteristics of included studies
	Risk of Bias evaluation
	Pain intensity
	Opioid-sparing effects
	Mortality and hospital length of stay
	Forced expiratory volume at 1&thinsp;s

	Discussion
	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

