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Abstract

Background: The potential analgesic effects of lidocaine have been
reported in anecdotal reports and larger clinical trials in adults. How-
ever, there remains limited information regarding its use in pediatric-
aged patients. In many institutions, continuous lidocaine infusions
may be restricted to the pediatric intensive care unit (ICU) setting.
This study assessed the safety and feasibility of the use of lidocaine
outside the ICU setting as an adjunct for acute pain management re-
lated to medical conditions in pediatric patients.

Methods: We retrospectively reviewed the outcomes of patients <21
years of age with acute medical illnesses, who received a continuous
lidocaine infusion on the inpatient ward for the management of acute
pain related to medical illnesses.

Results: The study cohort included 15 patients who received a total
of 46 lidocaine infusions during the study period. Patient ages ranged
from 10 to 21 years (median age: 14 years, interquartile range (IQR):
13 - 20 years) with a median weight of 57.9 kg (IQR: 54 - 74 kg). The
majority of encounters (n =43, 94%) were for pain related to sickle cell
disease. Most encounters (n = 31; 67%) received continuous lidocaine
infusions for 1 - 7 days at a median dose of 1 mg/kg/h. Adverse events
were noted on 11 of the 310 infusion days (4%), and at least one ad-
verse event was reported in nine of the 46 encounters (20%). Infusion
rate adjustments were made in six encounters (13%) due to adverse
events. No adverse effects required escalation of the level of care.

Conclusions: This study, which outlines our use of lidocaine as an
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adjunct to pain management for acute pain related to acute medical
illnesses, expands on our previous work which described lidocaine
for surgical pain. The study provides evidence toward the safety of
pre-developed pathways and protocols for continuous lidocaine infu-
sions outside the ICU setting, making lidocaine a feasible, non-opioid
adjunct for the treatment of acute pain related to medical illnesses.

Keywords: Lidocaine infusion; Multimodal analgesia; Acute pain;
Postoperative analgesia; Sickle cell disease

Introduction

Lidocaine is a local anesthetic of the amide class. It was ini-
tially synthesized in the 1940s and released for clinical use
in 1948, initially as a local anesthetic agent [1, 2]. Since its
release for clinical use, it has been used for the treatment of
arrhythmias, neuraxial anesthesia, and superficial infiltration
for cutaneous analgesia. Anecdotal experience shortly after its
release for clinical use also suggested its potential analgesic
effects [2]. Several prospective trials in adults have demon-
strated beneficial acute and long-term perioperative effects
on acute post-surgical pain with improvements in pain scores,
decreased opioid needs, anti-hyperalgesic actions, and anti-
inflammatory effects [2]. However, there remains limited in-
formation regarding its use in pediatric-aged patients for the
treatment of acute pain. Additionally, in many institutions,
continuous lidocaine infusions are restricted to the pediatric
intensive care unit (PICU) setting due to concerns regarding its
adverse effect profile and the need for monitoring. We present
our initial retrospective experience regarding the safety profile
of lidocaine infusions on the inpatient ward as an adjunct for
pain management in pediatric patients with acute pain related
to medical illnesses. We also describe the development of our
protocol and pathway involved in the use of this therapy out-
side the PICU setting.

Materials and Methods

This retrospective study was approved by the Institutional Re-
view Board of Nationwide Children’s Hospital. As this was a
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retrospective study using deidentified data, the need for indi-
vidual written informed consent was waived. The study was
conducted in compliance with the ethical standards of the
responsible institution on human subjects as well as with the
Helsinki Declaration.

Study cohort and data acquisition

The study cohort included patients < 21 years of age who re-
ceived a lidocaine infusion for the management of acute pain
related to a medical illness over an 18-month period, following
the development of a pathway and an institutional policy for
the administration of lidocaine infusions as an adjunct to pain
management on the inpatient ward, outside the PICU setting.
Information regarding the development of this protocol and its
requirements is outlined below. Patients receiving a therapeu-
tic lidocaine infusion for control of arrhythmias or other thera-
peutic indications were excluded.

Patients were identified, and a patient list was created us-
ing records from the Acute Pain Service, pharmacy database,
and the EPIC Data Warehouse. For each patient, demographic
data collected included age, gender, weight, primary disease
process or pain condition, and comorbid conditions. Informa-
tion collected regarding the lidocaine infusion included the in-
fusion rate (mg/kg/h), adjustments to the infusion rate includ-
ing the new infusion rate, reasons if the lidocaine infusion was
stopped, and total duration (days) of lidocaine therapy. Ad-
verse events were also recorded each day for patients while on
the lidocaine infusions, including the need to stop the lidocaine
infusion or change the infusion rate. End-organ function was
assessed by reviewing all laboratory data, including but not
limited to complete blood count, renal function, and hepatic
function. Baseline and subsequent electrocardiogram (ECG)
data were reviewed. Lidocaine levels were not routinely ob-
tained as part of the protocol (see below). Escalations of the
level of care (from the inpatient ward to the PICU) or the need
to notify the rapid response team were identified.

Data presentation and statistical analysis

Data were collected through research electronic data capture
(REDCap) and analyzed using Stata software (version 18;
StataCorp, College Station, TX). Descriptive statistics were
the primary focus of the analysis. For continuous variables,
medians and interquartile ranges (IQRs) were reported. Cat-
egorical variables were summarized with counts and percent-
ages.

Lidocaine protocol

Prior to the start of this initiative, a lidocaine policy and pro-
tocol was created for the hospital, which outlined the use of a
lidocaine infusion on the inpatient ward as an adjunct to opi-
oids for pain management. This pathway has been previously
reported as it pertains to our use of continuous lidocaine infu-

sions for the treatment of acute surgical pain [3]. Through the
hospital’s online learning system, educational modules were
provided to the inpatient nursing staff who would be charged
with caring for these patients. This education provided infor-
mation about the use of lidocaine for analgesia, dosing, adverse
effects, patient monitoring, and documentation requirements
in the electronic medical record (EMR). After completion of
the module, the nurses completed a test to receive credit for
completing the module. Information regarding the use of li-
docaine for analgesia was also added to the hospital’s pain
management intranet website. The use of lidocaine infusions
started on the inpatient ward for Hematology and Oncology
patients in March 2020 and was subsequently expanded to
other inpatient floors.

Lidocaine infusions for analgesia in patients on the inpa-
tient wards were managed through consultation with either the
Acute Pain Service or the Palliative Care Service. A baseline
ECG was obtained if one had not been obtained within 30 days
of the infusion. If no arrhythmias of significance were noted,
ongoing continuous ECG monitoring is not required during the
infusion on the inpatient ward. Other monitoring modalities
included continuous oxygen saturation using pulse oximetry.
Blood pressure, heart rate, respiratory rate, sedation, and level
of consciousness were monitored at initiation of the infusion,
every 30 min for 1 h, hourly for 2 h, and then every 4 h during
the remainder of the infusion. The presence of symptoms of
central nervous system toxicity (tinnitus, blurred vision, con-
fusion, altered mental status, slurred speech) was documented
every 30 min for the first hour, and then every hour during the
infusion. Pain scores were monitored per the hospital protocol.

An order set was created in the EMR system to include the
necessary dosing and monitoring information for the lidocaine
infusion for analgesia protocol. Dosing for acute pain manage-
ment included a lidocaine infusion initiated at 1 mg/kg/h. A
bolus dose of 1 mg/kg was optional prior to starting the infu-
sion. For obese patients, ideal body weight was used for dos-
ing. The infusion rate was increased as needed to a maximum
rate of 3 mg/kg/h or 200 mg/h.

Results

The study cohort included 15 patients who received a total of
46 lidocaine infusions during the study period. Patient ages
ranged from 10 to 21 years (median age 14 years, [QR: 13 - 20
years). The median weight was 57.9 kg (IQR: 54.1 - 74.4 kg),
and the median height was 160.7 cm (IQR: 151.9 - 169.8 cm).
Demographic and clinical characteristics, including primary
disease, indication for infusion, and hospital length of stay, are
summarized for each encounter in Table 1. The majority of
encounters (n = 43, 94%) were for pain related to sickle cell
disease. The median hospital length of stay was 7 days (IQR:
5 - 12 days).

Lidocaine was infused for 1 to 16 days per encounter, for
a total of 310 infusion days across the 46 encounters. The in-
fusion dose ranged from 0.5 to 2.5 mg/kg/h. In 31 encounters
(67%), continuous lidocaine infusions were administered for 1
to 7 days at a median dose of 1 mg/kg/h. At least one lidocaine
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Table 1. Demographic and Clinical Characteristics

Characteristics Frequency (%) Median (IQR)
Number of patients 15
Total number of lidocaine infusion encounters® 46
Age 14 (13, 20)
Height (cm) 160.7 (151.9, 169.8)
Weight (kg) 57.9 (54.1,74.4)
Gender

Female 29 (63.0)

Male 17 (37.0)
Race and ethnicity

Asian 12.2)

Non-Hispanic Black 43 (93.5)

Non-Hispanic White 2(4.3)
Primary disease condition

CML - oral mucositis pain (post-BMT)P 1(2.2)

Factor XIII deficiency - severe myalgia related to factor infusion 2 (4.3)

Sickle cell disease - sickle cell pain crisis 43 (93.5)

Hospital length of stay (days)

7(5,12)

The data are listed as number (percentages) or median (IQR). 2All data are reported per encounter. PLidocaine infusion was stopped on day 3 due
to lack of effect. Pain improved after engraftment. BMT: bone marrow transplant; CML: chronic myelogenous leukemia; IQR: interquartile range.

bolus was administered in 41% of encounters (n = 19), with a
total of 20 boluses administered. The median bolus dose was
2.0 mg/kg (IQR: 1.2 - 2.0 mg/kg). Infusion characteristics are
summarized in Table 2.

Adverse events were noted on 11 of the 310 infusion days

Table 2. Lidocaine Infusion Characteristics

(4%). Nine of the 46 encounters (20%) were associated with
adverse events, including hypotension (n = 4), dizziness (n =
3), anxiety (n = 1), and hallucinations (n = 1). Eight were as-
sociated with a single adverse event (17%), and one with three
episodes of hypotension. Infusion rate adjustments were made

Variables Frequency (%) Median (IQR)
Total number of lidocaine infusion encounters 46
Infusion duration (days)
1-2 3(6.5)
3-5 17 (37.0)
6-10 18 (39.1)
>10 8(17.4)
Total lidocaine infusion days 310
Lidocaine infusion rate over all days (mg/kg/h) 1.0 (1.0, 1.5)
Lidocaine infusion rate (mg/kg/h)
<1.0 9 (19.6)
1.0to 1.5 32 (69.6)
>1.5t02.5 5(10.9)
Encounters with lidocaine bolus administered 19 (41.3)
Total number of lidocaine boluses administered?® 20
Lidocaine bolus dose (mg/kg) 2.0(1.2,2.0)

The data are listed as number (percentages) or median (IQR). All data are reported per encounter (n = 46). 2One encounter received two boluses
on different days. IQR: interquartile range.
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Table 3. Adverse Events During Lidocaine Infusion

Variables Number (%)
Infusion days with adverse events (AEs) 11 (3.5)
Encounters with AEs 9 (19.6)
Types of AE in affected encounters
Anxiety 1(11.1)
Dizziness 3(33.3)
Hallucinations 1(11.1)
Hypotension 4 (44.4)
Frequency of AEs per encounter
None 37 (80.4)
One 8(17.4)
Three 12.2)

Encounters with infusion rate changed due to AEs 6 (13.0)

The data are listed as number (percentages). All data are reported per
encounter (n = 46). Percentages for the type of AE are based on the
nine affected encounters.

in six encounters (13%) due to adverse events, including hy-
potension (n = 3), dizziness (n = 2), and hallucination (n = 1).
Adverse events details are shown in Table 3.

Discussion

The current study expands on our previous work describing
our use of lidocaine for acute pain following surgical proce-
dures [3]. In our previous study, 168 patients were retrospec-
tively reviewed; of that cohort, a total of 148 patients (88%)
received a lidocaine infusion initiated intraoperatively, and 31
(19%) of these patients received a bolus dose prior to the in-
fusion. The majority of patients (86%) were maintained on a
continuous lidocaine infusion for 1 - 3 postoperative days at
an average dose of 1 mg/kg/h, with only four patients receiv-
ing the infusions beyond 7 days. Adverse events were noted in
29 patients (17%), including dizziness, hallucinations, anxi-
ety, and hypotension. A similar adverse event profile and rate
(20%) was noted in the current study. Although the same infu-
sion protocol was used, its application in a different clinical
context, adjunct to pain management for acute pain related to
medical illnesses, allowed for observation of infusions extend-
ing up to 16 days. This provides additional evidence toward
the safety and feasibility of continuous lidocaine infusion, as it
may be tolerated over extended periods of time. Additionally,
we report our process and pathway for the use of lidocaine in-
fusions in pediatric-aged patients outside an ICU setting.
Anecdotal experience with lidocaine to treat acute pain in
pediatric patients has been reported to be effective [4]. Nathan
et al described an 11-year-old male with erythromelalgia, in
whom all pain management techniques had failed, experienc-
ing approximately 20 episodes of acute pain per day. The ini-
tiation of intravenous (IV) lidocaine at 1 mg/kg/h, titrated to
maintain a therapeutic serum level of 2 - 5 pg/mL, reduced the
number of pain episodes to 1 per day. Pain management was

later transitioned from IV lidocaine to oral mexiletine, a class
1B antiarrhythmic analog of lidocaine, improving symptoms
and allowing return to normal activities. Additional clinical
work has suggested the potential efficacy of IV lidocaine as
an adjunct to pain of various etiologies including periopera-
tive pain, cancer pain, complex regional pain syndrome, and
different forms of neuropathic pain, where conventional thera-
pies have failed, including erythromelalgia, diabetic neuropa-
thy, and sickle cell disease [4-8]. Notably, 94% of patients in
our cohort had acute pain related to sickle cell disease as their
primary condition.

The presence of neuropathic pain is often associated with
injury to neurons in the central and peripheral nervous system,
leading to abnormal sodium channel activity. Lidocaine, by
blocking voltage-gated sodium channels, may reduce neuronal
hyperexcitability and improve symptoms. Although this is be-
lieved to be the primary mechanism responsible for its antino-
ciceptive effect, lidocaine also interacts with other ion chan-
nels, receptors, and molecular targets, suggesting a complex
set of pathways. Moreover, findings indicate that its clinical
effects may persist for several days, even after plasma levels
decline significantly. Further research is needed to better de-
fine these mechanisms and explore potential opportunities in
pain therapy [1, 9].

Despite the potential benefits, the safety and feasibility
of lidocaine infusions have been an ongoing debate due to
the known adverse events profile, including cardiovascular
effects such as arrhythmias, hypotension, and cardiac arrest,
central nervous system effects leading to confusion, dizzi-
ness, sedation, seizures, ataxia, and respiratory effects such
as shortness of breath. Given these concerns, the ICU is often
considered the optimal setting for lidocaine infusion therapy,
offering continuous telemetry, frequent vital signs monitor-
ing, and immediate access to advanced cardiovascular life
support, with a clear ability to monitor for signs of overdose
or toxicity [4, 10-12]. The perioperative setting also offers
similar advantages and has been used as a setting to provide
continuous and close monitoring, demonstrating the safety
of short-term lidocaine infusions for the control of acute sur-
gical pain [3, 12, 13]. However, experience with lidocaine
infusions outside the ICU or perioperative areas is limited.
With proper preparation including standardized protocols
and properly trained staff, the current cohort provides addi-
tional data for the safety of lidocaine infusions outside the
ICU setting. Additional information supporting the safe use
of lidocaine infusions for acute pain management is summa-
rized in Table 4 [3, 4, 10-18]. In specific instances, the lido-
caine infusion was initiated in the ICU or operating room and
continued on the inpatient ward. A similar protocol applied
to a larger cohort of patients with acute pain related to sickle
cell vaso-occlusive crisis has been described [18]. Similar to
our work, the authors outline their institutional protocol re-
garding the safe use of lidocaine infusions outside the ICU
setting. It should also be noted that the study of Luo et al,
which was a prospective, randomized, double-blinded trial in
a cohort of 38 adolescents (10 - 19 years of age) undergoing
single state scoliosis surgery showed no postoperative anal-
gesic benefit (morphine requirements and pain scores) with
the administration of lidocaine starting intraoperatively and
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continued for a total of 48 h [17].

Lidocaine serum levels were not routinely obtained as
part of our clinical practice. End-organ function, drug interac-
tions, and associated comorbid conditions may affect serum
concentrations of lidocaine, particularly in pediatric-aged pa-
tients [1, 2, 19]. As a result, our Acute Pain Service developed
individualized pain plans, where initial dosing and subsequent
adjustments were performed according to ongoing assessment
of the therapeutic response of the patients. Although adverse
effects were reported in nine of the 46 encounters (20%), a sin-
gle patient with significant comorbidities experienced four of
these events. This patient, diagnosed with sickle cell disease,
functional asplenia, and opioid use disorder, was treated for
vaso-occlusive crisis multiple times, with a regimen includ-
ing lidocaine infusions, ibuprofen, and tizanidine in addition to
opioids. The patient experienced hypotension (n = 3) and hal-
lucinations (n = 1). As a result, the patient was later switched
from tizanidine to cyclobenzaprine to eliminate the impact of
tizanidine on blood pressure, a well described adverse effect
of this centrally acting a,-adrenergic agonist [20]. This case
highlights the complexity of managing multimodal analgesia
with lidocaine infusions when used with other pharmacologic
agents. In the remaining five encounters, adverse events were
managed by dose adjustments or discontinuation of the infu-
sion, without further concerns or the need to add additional
pharmacologic agents to address the adverse effect. The low
incidence of adverse effect and its limited impact on physi-
ologic well-being was significant, especially when caring for
a cohort that included medically complex patients, many with
underlying conditions including sickle cell disease, functional
asplenia, acute chest syndrome, opioid use disorder, immuno-
compromise, asthma, and fever. Although a direct analysis of
pain outcomes was not performed, a subjective analysis by cli-
nicians caring for these patients demonstrates that the majority
of patients experienced improved pain control and decreased
opioid requirements during the study period. This is consistent
with similar trends described in previous reports (Table 4) [3,
4,10-18].

Specific limitations of the current study should be recog-
nized. In addition to the retrospective nature of the study and
the small sample size, including patients (n = 15) and encoun-
ters (n =46), the beneficial and adverse effects of lidocaine can
be masked due to the co-administration of other analgesic or
sedative agents with overlapping pharmacologic profiles. The
majority of patients studied had acute pain related to sickle cell
crisis, thereby limiting our ability to comment on the efficacy
of lidocaine in acute pain related to other medical illnesses.
In general, our patient cohort was older (age range 10 - 21
years with a median age of 14 years). As such, applicability
to younger patients may not be feasible, and additional data
regarding safety are needed. Without a control group, the di-
rect efficacy of lidocaine or the causality of its adverse effects
cannot be determined. Pain score improvement may be due
to multimodal analgesia, not lidocaine alone. The decision to
use a lidocaine infusion, when it was started, when it was dis-
continued, and the use of adjunctive medications was at the
discretion of the attending on the acute pain service. We recog-
nize that co-administered medications can be responsible for
clinical changes that require adjusting the dose or stopping the

infusion, affecting how feasible lidocaine truly is in this set-
ting. This manuscript does not claim causality or efficacy of
lidocaine; instead, it focuses on safety, feasibility outside the
ICU, and tolerance in pediatric patients by reviewing infusion
data and adverse effect profile.

In summary, we present our preliminary experience with
the administration of a lidocaine infusion outside the ICU
setting as an adjunct for acute pain management in pediatric
patients with medical illnesses. The study cohort included 15
patients, 46 encounters, and a total of 310 infusion days, sup-
porting feasibility over time in the inpatient ward setting. Most
infusions were well tolerated, and no life-threatening adverse
events were found. Overall, our findings suggest that a stand-
ardized lidocaine infusion protocol managed by a specialized
interdisciplinary team may offer a safe and feasible alterna-
tive for pain management, particularly in cases where con-
ventional analgesic therapies have failed. Duplication of our
process with the use of lidocaine infusions outside the ICU
setting requires that the institution is well equipped and served
by multi-disciplinary teams to manage such care. Future stud-
ies are needed to further clarify the role of lidocaine infusions
in the management of acute pain related to surgical and medi-
cal etiologies.
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