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Abstract

Background In the perioperative period, intravenous lidocaine has been used as an opioid-sparing systemic analgesic with
additional anti-inflammatory and anti-hyperalgesic properties.

Objective The aim of this retrospective study was to review the utilization, efficacy, and safety of intravenous lidocaine on
our Acute Pain Service (APS) and identify surgical and patient populations where this intervention was found to be useful.
Patients and Methods This retrospective study was designed to assess acute pain management in patients who received an
intravenous lidocaine infusion between February 2013 and December 2017. Data collected included demographics, surgery
type, infusion duration, pain scores, analgesic consumption, and adverse effects. Pain scores included rest and active pain
scores and were analyzed by surgical model and subgroups. Clinically important differences (CIDs) in pain were determined
by changes in pain score difference of >2 (11-point scale) or > 30% reduction in pain intensity. A patient was considered to
have a true CID if a CID was observed with rest and/or active pain scores at both first to second (4-24 h) and first to final
time point (4 h to infusion end) comparisons.

Results In total, 544 patients received intravenous lidocaine during this period, and 394 were included in the final analysis.
The average (+ standard deviation) duration of infusion was 68.60 +49.52 h. Surgical specialties included gastrointestinal
surgery (41%), orthopedics (28%), neurosurgery (15%), vascular surgery (10%), and others (6%). Overall, 56.1% of the study
population experienced a CID, with reduced pain scores at rest and/or with activity. CIDs were also observed in patients
with chronic pain (53.5%) and when intravenous lidocaine was used as a rescue technique (69.6%). Within the rescue cohort,
opioid-dependent and opioid-naive patients experienced 23.0% and 45.6% reductions, respectively, in their 8-h intravenous
opioid consumption. In total, 37 patients in the study experienced transient signs of mild local anesthetic toxicity, which
resolved with infusion titration (conservative) management. One serious adverse event required intervention, and the patient
was successfully resuscitated.

Conclusions This retrospective study at a single institution with an APS policy for intravenous lidocaine in the postopera-
tive period identifies benefits of intravenous lidocaine in certain surgical and patient populations. The findings need to be
confirmed with further research.
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Intravenous lidocaine reduces pain and analgesic require-
ments for patients undergoing gastrointestinal, spine,
trauma, and vascular surgery.

Intravenous lidocaine is also an effective rescue analge-
sic intervention in the acute postoperative period.

Greater reductions in postoperative intravenous opi-
oid use were observed in opioid-naive than in opioid-
dependent patients.

1 Introduction

Despite advances in multimodal analgesia and the imple-
mentation of standardized protocols, the management of
postoperative pain continues to be challenging in some
patients undergoing certain surgical procedures [1]. Inad-
equately treated pain increases morbidity, impacts patient
satisfaction, and delays discharge. Additionally, poorly
controlled pain has the potential to lead to both persistent
pain and chronic opioid use after surgery [1-3]. All these
are probably more frequently seen with traditional opioid-
centric pain management strategies.

Within the perioperative period, intravenous lidocaine
was introduced as an opioid-sparing systemic analgesic
with additional anti-inflammatory and anti-hyperalgesic
properties [4]. A recent systematic review of 68 randomized
controlled trials included a wide variety of surgical models,
with the investigators concluding that the acute pain benefits
of perioperative intravenous lidocaine remained uncertain
[5]. Previous level I evidence confirmed that intravenous
lidocaine reduced pain scores and both the consumption of
opioid analgesics and their side effects in the postoperative
period [6-8]. These benefits have been best described in
gastrointestinal surgery, both open and laparoscopic pro-
cedures, where intravenous lidocaine promotes early oral
intake, improves mobilization, reduces time to bowel recov-
ery, and facilitates early discharge [9—-11]. These are some
of the important goals of enhanced recovery after surgery
(ERAS) protocols [6, 7, 12-14].

In 2009, the acute pain service (APS) of this tertiary-
level university hospital implemented a policy that allowed
for use of intravenous lidocaine within its well-established
postoperative multimodal analgesia protocols. That protocol,
the indications, procedures, and monitoring for intravenous
lidocaine has been described in detail elsewhere [15]. Since
the implementation of that policy, the use of intravenous
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lidocaine has extended beyond gastrointestinal surgery and
been incorporated into other APS protocols and patient care
pathways. Intravenous lidocaine has been used in patients
who have undergone elective and emergency surgeries,
including neurosurgery, spine, orthopedics, trauma, vas-
cular, and other procedures. Intravenous lidocaine has also
been used as a rescue analgesic for the treatment of acute
pain crises in the early postoperative period, especially in
patients with a history of chronic pain, opioid tolerance, and
substance abuse [15].

Given the paucity of the literature and the inconsistency
of reported benefits for the use of intravenous lidocaine in
general surgical populations, this review of a single insti-
tution’s experience of intravenous lidocaine for acute pain
was proposed. The aims of this retrospective study were to
review the utilization, efficacy, and safety of intravenous
lidocaine for postoperative pain and identify surgical mod-
els and patient subgroups where this intervention was found
useful in order to guide further investigation and research.

2 Methods

This single-center retrospective quality assurance study
was approved (OHREB#: 20180265-01H) and conducted at
The Ottawa Hospital. We intended to identify all inpatients
who received an intravenous lidocaine infusion for acute
pain over a 10-year period January 2008 to December 2017.
These patients were identified using the pharmacy electronic
medication records for intravenous lidocaine administration
during the defined time period. Individual patient medical
record numbers associated with each lidocaine order were
then given a unique study identification number. Patient
information and all study data were stored on an approved
and appropriately encrypted file on a password-protected
virtual hard drive within the hospital system.

In February 2013, the APS implemented a specialized
online acute pain management software program (Cissec©
ACUPAM). From here onwards, more detailed information
was available, including pain scores, analgesic consumption,
and adverse effects related to the intravenous lidocaine infu-
sions. Prior to February 2013, all APS data were recorded
on paper charts that were scanned and uploaded to the elec-
tronic health record system. Because of this transition from
paper chart to electronic records, data prior to 2013 were not
included in the final study outcome analysis even though an
intravenous lidocaine protocol was established at this institu-
tion in 2009. Figure 1 describes the identification, inclusion,
and final numbers included in the analysis.
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Fig.1 STROBE flow chart for
study participants. APS acute
pain service, ICU intensive care
unit, IV intravenous

List from Pharmacy
Database for prescription of
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Included in Study for Final
Analysis

2.1 Study Exclusions

From the pharmacy list of patients for whom intravenous
lidocaine was dispensed, electronic health records were
accessed for details of their acute pain management. Patients
were excluded if they had received a lidocaine infusion
while in the intensive care unit, if no major surgery was
performed, and if no pain scores or concomitant analgesic
usage was recorded. Data collected included demograph-
ics, surgery type, infusion duration, pain scores, analgesic
consumption, and adverse effects.

2.2 Primary Outcomes

The primary outcomes were postoperative pain scores at rest
and with activity following the initiation of intravenous lido-
caine infusion, typically at 1 mg/kg/h (range 0.5-2) for post-
operative analgesia. Pain scores at 4 h, 24 h, and infusion
end were analyzed based on surgical model and subgroups.
Clinically important differences (CIDs) in pain were deter-
mined by a raw pain score difference of >2 on a numeric
rating scale of 0-10 or by a>30% change in pain intensity
[16, 17]. Absolute pain scores were calculated for each indi-
vidual patient between rest pain and active pain scores from
first to second time points and from first to final time points.

A patient was considered to have a true CID if a CID was
observed with rest and/or active pain scores at both first to
second (4-24 h) and first to final time point (4 h to infusion
end) comparisons. A patient who received a lidocaine infu-
sion for <24 h was considered to have a true CID if a CID
was observed with rest and/or active pain scores between
first time point (4 h) and infusion end.

CIDs in pain were aggregated for each surgery type, sur-
gical subgroup, and patient population (e.g., chronic pain).
Patients who received intravenous lidocaine as a rescue regi-
men were identified and analyzed separately.

2.3 Postoperative Analgesic Consumption Analysis

Analgesic (i.e., intravenous opioid) consumption was calcu-
lated solely from our rescue cohort to allow us to determine
average opioid consumption before and after the introduc-
tion of lidocaine infusion commencement. Only patients
who were concomitantly prescribed an intravenous hydro-
morphone or hydromorphone-ketamine patient-controlled
analgesia (PCA) prior to rescue lidocaine infusion com-
mencement were analyzed in this regard.

Total intravenous opioid consumption was calculated by
obtaining the amount of intravenous opioid consumed during
the 8-h period immediately preceding lidocaine intervention
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and during the 8-h period immediately following the same
intervention for each individual patient. Intravenous opioid
consumption was recorded at 8 h before and after lidocaine
intervention, as these were the most consistently reported
time points at which intravenous opioid consumption was
recorded on our APS. Patients were excluded if intravenous
opioid consumption was not recorded at both 8 h before and
after lidocaine intervention.

The total amount of intravenous opioid consumed post-
lidocaine intervention over an 8-h period was divided by
the total amount of intravenous opioid consumed pre-lido-
caine intervention to obtain the relevant percentage change
in average opioid consumption for the rescue cohort that
met inclusion criteria. Opioid-naive and opioid-dependent
patients were then analyzed separately from the rescue
cohort to determine average opioid consumption and per-
centage change between the two subgroups following rescue
lidocaine intervention.

3 Results

Between February 2013 and December 2017, a total of 544
patients on the APS received an intravenous lidocaine infu-
sion. Following exclusions, 394 patients were included in
the final study analysis (Fig. 1). The majority of exclusions
were (1) patients who had received a lidocaine infusion in
the intensive care unit while intubated and/or sedated, (2)
patients who did not actually undergo major surgery during
their admission to hospital but instead received intravenous
lidocaine as treatment for acute pain presentation, and (3)
patient records that did not have adequate pain scores or
analgesic consumption recorded.

The study population consisted of 194 (49.2%) female and
200 (50.8%) male patients. Average (+ standard deviation)
infusion duration was 68.60+49.52 h (2.86 +2.06 days).
The main intravenous lidocaine indications included gas-
trointestinal surgery (41%), orthopedics (28%), neurosurgery
(15%), vascular (10%), and others (Table 1).

Overall, 56.1% of the total study population experienced
a CID and reduced analgesic consumption postoperatively.
Improvements in mean pain scores, both at rest and with
activity, were observed in a significant proportion of patients
from various surgical specialties (Table 2). Within these
surgical specialties, CIDs were observed in certain patients
(chronic pain 53.5%), certain situations (lidocaine rescue
69.6%), and specific procedures (Table 3).

3.1 Intravenous Opioid Consumption

A majority (303/394 [77%]) of the study population were
also concurrently prescribed an intravenous PCA pump.
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Table 1 Study demographics

Characteristics Total

Patients () 394

Age (years) 54.82+15.54 years (range 18-93)
Sex Male 200, female 194

Duration of infusion (h) 68.60+49.52

Gastrointestinal (161 [41%]), ortho-
pedic (110 [28%]), neurological (61
[15%]), vascular (39 [10%]), others
(21 [6%])

Fentanyl (n=9), hydromorphone
(n=111), hydromorphone + keta-
mine (n=180), meperidine (n=1),
morphine (n=2)

Surgical types [n (%)]

Use of patient-controlled
analgesia (n=303)

Table 1 summarizes the different types of PCA pumps
prescribed.

Of the 291 records for patients who received either a
hydromorphone or a hydromorphone-ketamine PCA, 73
had missing data and were excluded from the intravenous
opioid consumption analysis. In total, 82 of the remain-
ing 218 patients received intravenous lidocaine as a rescue
regimen; 44% (n=236) of these were on preexisting opioids
before their surgery. Average intravenous opioid consump-
tion was calculated over 8-h periods before and after rescue
lidocaine infusion start (Table 4). Opioid-naive patients
experienced a 45.6% reduction (~2.5 mg/8 h, p <0.001) and
opioid-dependent patients experienced a 23.0% reduction
(~2.23 mg/8 h, p=0.01) in intravenous opioid consumption,
respectively.

3.2 Adverse Effects

In total, 37 patients experienced transient signs of possi-
ble mild toxicity (Table 5). These adverse effects included
agitation, blurred vision, dizziness, metallic taste, nausea,
perioral numbness, rash, somnolence, tachycardia, tinnitus,
tremor, and visual disturbances.

All adverse effects were associated with mild toxicity,
which resolved with conservative management involv-
ing reduction of lidocaine infusion dosing (typically
infusion rate decrease by 0.25-0.5 mg/kg/h) followed by
reassessment and further decrease if necessary or discontin-
uing intravenous lidocaine infusion altogether. One serious
adverse event occurred on the surgical floor: a cardiac arrest
was caused by inadvertent rapid lidocaine bolus. On the
patient’s arrival from the recovery room, the lidocaine infu-
sion was disconnected from the pump transiently to facilitate
transfer of the patient from the stretcher to the hospital bed.
This allowed the lidocaine to run freely through the intra-
venous line, and the patient inadvertently received approxi-
mately 2000 mg of intravenous lidocaine over 20 min. The
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Tgble 2 Cli.nical.ly important Surgery type Rest4 h Active 4 h Rest end Activeend ~ CID*  Total®  CID®

differences in pain scores

and proportion of patients Gastrointestinal ~ 4.47+2.68 6264270 2.64+221 4291244 87 161 54.0

f;‘gf“encmg benefit by surgery 5 opedic 5934283 7284276 3944260 5934238 59 110 53.6
Neurosurgery 6.20+2.58  8.13+2.21 390+2.22 638+239 32 61 51.6
Vascular 6.02+3.11 7.12+3.10 2.48+2.65 3.85+2.71 30 39 76.9

Data are presented as mean + standard deviation unless otherwise indicated

CID clinically important difference

“Number of patients who experienced a CID (n)

®Total number of patients by surgery type (N) who experienced a CID in pain scores at rest and/or activity

throughout infusion duration

“Percentage of patients (n/N) who experienced a CID in pain scores at rest and/or activity throughout infu-

sion duration

Table 3 Clinically important differences in pain scores by subgroup

Subgroup CID (n) Total (N) CID % (n/N)
Chronic pain 100 187 535
Rescue 126 181 69.6
Laparotomies 66 117 56.4
Spine surgery 59 109 54.1
Trauma 27 43 62.8
Amputations 9 15 60.0
AAA 6 10 60.0
TND 5 7 71.4

CIDs as a percentage of total patients by subgroup. Spine surgery
cohort includes both neurosurgical and orthopedic spine patients.
Amputations refer to lower limb vascular amputation procedures

AAA abdominal aortic aneurysm repair, CID clinically important dif-
ference, TND craniotomy for trigeminal nerve decompression

presentation (altered sensorium, decreased consciousness,
and hypotension) was quickly detected, and the critical care
response team was called upon to attend to this. A diagno-
sis of local anesthetic systemic toxicity (LAST) was made,
and the patient required initiation of intralipid therapy and
2 min of cardiopulmonary resuscitation (without defibrilla-
tion) before spontaneous return of circulation was achieved.
The patient recovered fully without any sequelae, and their
remaining hospital stay was uneventful.

4 Discussion

Acute pain management that is predominantly opioid
based is well known to lead to frequent immediate and
late adverse effects-sedation, respiratory depression, nau-
sea, vomiting, hyperalgesia, and prolonged hospital stay
[18-20]. Continuation of opioids after surgery can result
in opioid dependence and tolerance, which are identified
as risk factors for the development of chronic postsurgi-
cal pain [21]. All these implications, coupled with the
increasing rate of opioid abuse and diversion, has cata-
lyzed the shift in postoperative pain management toward
non-opioid alternatives. Ongoing research is identifying
patients and procedures where certain non-opioid analge-
sic adjuvants (ketamine, lidocaine, and dexmedetomidine,
etc.) are being studied and are showing promising results
[15,22-25].

The introduction of intravenous lidocaine on the APS
at this hospital in 2009 was a major advancement that fol-
lowed, and in some situations replaced, the use of con-
tinuous epidural analgesia [15]. Over the past decade,
direct assessment and observation has extended the use
of intravenous lidocaine from gastrointestinal surgery to
other specialties. This retrospective study was designed
to study the use of intravenous lidocaine for treating acute
postoperative pain in a wide variety of patients, proce-
dures, and clinical settings.

Table 4 Opioid consumption

. o . Rescue group (n)
prior to and following lidocaine

Pre-lidocaine (mg)

Post-lidocaine (mg) Average (%) reduction

intervention Opioid naive (n=46)
Opioid dependent (n=36)

Overall (n=282)

5.59+4.48 3.04+295 45.6+34.2 (p<0.001)
9.71+8.52 7.48+7.08 23.0+16.9 (p=0.01)
7.41+6.87 5.03+5.61 32.1+18.3 (p<0.001)

Opioid consumption in a rescue cohort of patients prescribed intravenous hydromorphone or intravenous
hydromorphone-ketamine patient-controlled analgesia pumps in the postoperative period. Intravenous opi-
oid consumption calculated as an average milligram amount over an 8-h period before and after lidocaine
infusion intervention. Number () of patients indicated by patient group
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Table 5 List of adverse effects and their associated frequencies

Adverse effect No. of events

Agitation
Blurred vision
Cardiac arrest
Dizziness
Metallic taste
Nausea
Perioral numbness
Rash
Somnolence
Tachycardia
Tinnitus

Tremor

—_— W W = O = W WO N = =

Visual disturbance

4.1 Key Findings

We have reported the postoperative use of intravenous lido-
caine for acute pain in a large cohort of patients in a single
tertiary-level institution over a 5 year period. Though the
final results are limited to the defined time period, we are
able to add new information in three aspects of intravenous
lidocaine in the postoperative period. First, over the past
decade, we have found that—beyond gastrointestinal sur-
gery—lidocaine reduces pain and analgesic requirements in
patients undergoing spine, major trauma, and vascular sur-
gery. Amongst these, the previously unreported surgical type
in which we found analgesic benefit from intravenous lido-
caine was in the vascular cohort. Despite the relatively small
number of patients compared with our gastrointestinal and
orthopedic/spine cohorts, the reported CID benefit in 76.9%
of vascular patients requires further evaluation. The second
novel aspect of intravenous lidocaine use described in this
study is its role as a rescue analgesic in pain crises, which
has not been previously reported. Finally, when compared
with opioid-dependent patients, we found a clinically rel-
evant and greater benefit in opioid-naive patients. Possibly,
patients with preexisting opioid use also receive ketamine
and gabapentinoids as anti-hyperalgesic therapies, thereby
reducing the clinical impact of intravenous lidocaine. All
three of these new findings from our study need further
research, clinical trials, and expert opinion.

4.2 Overall Safety

The safety of using intravenous lidocaine for postopera-
tive acute pain continues to be of concern, especially with
the limited efficacy indicated by the recent Cochrane
review [5]. In our previous narrative review, we discussed
the first 3 years of the protocol implementation (n=102)
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and reported six instances of mild toxicity [15]. The cur-
rent study reports an increased utilization of intravenous
lidocaine and continued safety, with mild toxicity in fewer
patients. Future prospective studies in similar surgical and
patient populations are required to confirm the efficacy and
safety of continuing intravenous lidocaine in the postopera-
tive period.

4.3 Limiting Factors

There are limitations to this retrospective review of the use
of intravenous lidocaine on our APS. The change in patient
records from hard copy charts to electronic health records
in 2013 meant that data for the first 5 years were inac-
cessible. Beyond 2013, and similar to other retrospective
reviews, there was missing data and a lack of standardiza-
tion of patients, procedures, and pain management protocols.
Analgesic consumption, pain scores, and side effects were
extracted from patient records. Overall, the self-reporting of
pain scores by patients is subjective and can differ greatly
between patients, even those undergoing similar procedures
[26]. The CID model to assess the clinical efficacy of post-
operative intravenous lidocaine in relation to pain scores was
utilized to attenuate some of these biases.

Despite these limitations, this study assessed pain scores
in patients who received lidocaine infusions postoperatively
as either a rescue agent or non-rescue. All study patients
while on our APS receive foundational analgesia in the form
of oral acetaminophen + nonsteroidal anti-inflammatory
drugs + tramadol = gabapentinoids. A majority (73.9%) of
all study patients also received a hydromorphone or hydro-
morphone/ketamine intravenous PCA pump. Therefore,
in this type of study, it is difficult to exactly determine the
single most effective analgesic intervention that improved
pain postoperatively for our patient population, especially
when the average intravenous lidocaine infusion duration
was approximately 3 days in our study and given that post-
operative pain tends to decrease with time. However, we
can confidently state that oral foundational analgesia was
the standard of care for all patients, so this can therefore be
excluded when evaluating the single most effective analgesic
intervention.

Further to this, the assessment of our rescue subgroup
served as our primary indicator of the effectiveness of intra-
venous lidocaine infusion in improving pain scores and
reducing intravenous opioid consumption in both opioid-
naive and opioid-dependent patients. We were able to assess
average intravenous opioid usage per hour before and after
lidocaine introduction, which provided us with sufficient
basis to conclude that intravenous lidocaine in the post-
operative period does indeed reduce opioid consumption.
Furthermore, the reduction in intravenous opioid consump-
tion in the rescue group also correlated with a notably high
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(69.6%) percentage of rescue patients experiencing a CID
in pain scores. As a result, intravenous lidocaine not only
reduced intravenous opioid consumption in the postopera-
tive period (potentially avoiding adverse effects from excess
opioid consumption) but also translated into reduced pain
scores for this subgroup.

Lastly, and arguably the most limiting factor to this study,
was the inconsistent level of documentation recorded on our
APS electronic database. During the data-acquisition phase
of this study, the level of documentation ranged considerably
between study patients. A large portion of the study popu-
lation was excluded because of a lack of clearly recorded
outcomes pertinent to our study inclusion criteria and to
inadequate patient assessment in individuals receiving intra-
venous lidocaine in the postoperative period. In excluded
patients, pain scores and intravenous opioid consumption
were not adequately reported, and the occurrence of adverse
effects was not clearly associated with intravenous lidocaine
infusion commencement. As a result, this retrospective study
analyzed a smaller study cohort than would otherwise have
been included.

4.4 Future Direction

These findings have prompted changes to how we will
continue to document pain assessments in patients receiv-
ing intravenous lidocaine on our APS. As this institution
transitions to a completely electronic patient information
system, separate mandatory fields in our daily pain assess-
ments will be introduced to (1) determine intravenous opioid
consumption postoperatively on an 8-h basis, (2) ascertain
specific adverse effects relating to lidocaine infusion com-
mencement from 4-h nursing assessments, and (3) an impact
question asking patients whether they felt the introduction
of intravenous lidocaine had a positive impact on their level
of postoperative analgesia, in order to delineate whether a
CID in analgesia has been achieved. The introduction of
these mandatory fields would improve patient safety and
outcomes at our institution and can also serve to achieve the
same at other institutions prescribing intravenous lidocaine
for postoperative analgesia. Improved documentation and
monitoring with continuous APS assessment would further
facilitate the attainment of the above-mentioned outcomes.

5 Conclusion

This retrospective study at a single institution with an APS
policy for postoperative intravenous lidocaine infusion
use indicates that intravenous lidocaine is an effective and
well-tolerated analgesic intervention in certain surgical and
patient populations. Additional research is necessary to

explore the surgical subgroups in which our study showed
efficacy.
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