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Objective: In this study, we aim to evaluate the efficacy of adjunctive lidocaine and

ketamine infusions for opioid reduction in the treatment of sickle cell disease in patients

with vaso-occlusive crisis (VOC).

Design: We retrospectively reviewed a cohort of 330 adult sickle-cell crisis hospital

encounters with 68 patients admitted to our institution from July 2017 to August 2018.

Methods: Upon institutional IRB approval, we obtained initial data from billing records

and performed chart reviews to obtain pain scores and confirm total opioid consumption.

If provided by the acute pain consultation service, the patients received either a lidocaine

or a ketamine infusion of 0.5–2 mg/min or 2–3 mcg/kg, respectively, for a maximum

of 24–48 h. We compared the change in opioid consumption before and after infusion

therapy to patients that did not receive ketamine or lidocaine.

Results: Compared to patients that did not receive infusion therapy, ketamine and

lidocaine accounted for respective relative decreases of 28 and 23% in average daily

morphine consumption (p= 0.02). Patients that received either infusion were 3 to 4 times

more likely to decrease their opioid consumption independent of treatment length or

baseline opioid doses (p < 0.01). Ketamine and lidocaine therapies were not associated

with change in pain scores. When a patient had multiple admissions, opioid reduction

was strongly correlated with initiation of infusions in the later visits.

Conclusion: Both ketamine and lidocaine infusion therapies are effective in reducing

opioid consumption for patients with vaso-occlusive crisis. Lidocaine infusion is emerging

as an agent for stabilizing opioid doses in VOC for patients with high daily MME.
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INTRODUCTION

Sickle cell disease (SCD) is currently estimated to affect 100,000
Americans and occurs in 1 out of every 365 African American
births. Due to advances in comprehensive medical care, mortality
has decreased in all age groups. From 1980 to 2009, the
survival of patients 20 years of age and with sickle cell
disease to rose from 50 to 85%. Subsequently, SCD prevalence
among older patients is expected to rise along with comorbid
conditions, including opioid tolerance and treatment-resistant
pain syndromes. Moreover, Quinn et al. demonstrated that the
current care of pediatric sickle cell disease allows for survival
beyond 90%; as such, more than 93.5% of pediatric patients with
sickle cell anemia and more than 98% of patients suffering from
milder forms reach adulthood (1, 2).

In SCD, red blood cell deformation in small vessels causes pain
by partial obstruction of small vessels and capillaries; the pain is
often chronic and debilitating. With complete obstruction of the
vessels, pain is acutely escalated and is known as vaso-occlusive
crisis (VOC). The severe pain is accompanied by a significant
inflammatory response that often requires hospitalization and
treatment of organ failure and acute complications and such as
acute chest syndrome, leg ulcers, and avascular necrosis of long
bones (3).

Opioids are the mainstay of treatment for both chronic pain
and acute escalations of vaso-occlusive crisis (VOC) (4). Among
patients with SCD, 29% report daily pain, and most of them
report pain on more than 50% of days (5). In a cohort analysis
of more than 200 patients, the Pain in Sickle Cell Epidemiology
Study (PiSCES) project reports that opioids are used in 75% or
more of home pain days, as the 219 enrolled patients reported
using opioids in 12,311 (78%) of the 15,778 home pain days.
Additionally, it reports that even while adjusting for pain levels
and psychosocial factors, the frequent use of opioids is correlated
with higher levels of somatic symptom disorder, negative coping,
and worsening mental and physical quality of life (6). By
adulthood, most of the patients have experienced more than 15
years of intermittent opioid exposure (7).

In many cases, the chronic pain and undertreated acute pain
in VOC may induce maladaptive changes in the central and
peripheral nervous systems (8). Central sensitization predisposes
patients to augmented pain signal processing by upregulation
of glutamatergic NMDA-receptors in the spinal cord. Because
NMDA receptor agonism is pronociceptive, this phenomenon
results in hyperexcitability, hyperalgesia, and, subsequently,
refractory chronic pain (9). Attempts to include multimodal
analgesic techniques have beenmade inmany inpatient protocols
in an attempt to stabilize opioid consumption, decrease pain,
and improve functioning (10). Our institution’s suggested VOC
guidelines used for this study are summarized in Table 1.
However, because of the complexity of the case, treatment is
often individualized for each patient, and as such, a protocol may
follow all or parts of the decision tree.

Both ketamine and lidocaine are used routinely as part
of multimodal perioperative analgesic protocols and have
emerged as reasonable choices for attempting to relieve such
poorly controlled pain. Ketamine is a potent NMDA-receptor

antagonist that attenuates the central nervous system’s processing
of nociceptive afference. Subanesthetic doses of ketamine
are analgesic for opioid-resistant or refractory cancer pain
syndromes and are increasingly used in the treatment of
chronic neuropathic and non-cancer pain (11–13). The role
of ketamine at first presentation in the emergency department
has yielded mixed results from indicating no effect on pain
scores to a significant improvement 15min after arrival
when compared to patients who received morphine. In those
studies, ketamine treatments were administered either as sole
administration for over 15min or as 2 doses administered
for over 5min, 20min apart (14, 15). Studies on ketamine
for dose stabilization or adjunctive therapy in refractory
hospitalized patients is limited to case studies or pediatric
patients (16).

Systemic effects of IV lidocaine, while less understood than
its local anesthetic properties, have been demonstrated in
patients with chronic neuropathic pain. Its systemic effects
are believed to target dysfunctional nerves and prevent
depolarization of neurons in the sodium channel. Also, IV
lidocaine may prevent hypersensitization of sodium channels
and block their spontaneous firing in a damaged tissue
(17). In acute pain, IV lidocaine has been shown to be
analgesic and anti-inflammatory and to reduce NMDA-mediated
depolarization of target neurons (18). The success of systemic
lidocaine has been demonstrated in hospice, perioperative,
and complex regional pain syndrome patients. These patients
often experience faster pain relief, have less bowel dysfunction,
and require fewer opioids (19–21). While some groups in
small cohorts have shown that lidocaine infusions can be
helpful for some patients with VOC, they lack an “unexposed”
group (22).

Our retrospective analysis uniquely compares hospitalized
patients with SCD patients who were administered systemic
lidocaine or ketamine infusions to those who did not. The
primary goal of our study was to identify a clinically meaningful
outcome in the use of either of the infusions to justify
their continued study and use on patients with advanced
pain syndromes. Therefore, our main outcome was decrease
in average daily morphine dose when using either of the
infusion therapies.

METHODS

Upon obtaining institutional IRB approval, we conducted a
retrospective cohort analysis of adults with sickle cell disease
admitted for vaso-occlusive crisis at the University of Chicago
from January 2017 to August 2018. All opioid therapy and dose
escalations were guided by the primary admitting team. When
the internal medicine team treatment plan was not effective
in reducing patient pain, an acute pain service consultation
was initiated roughly within the first week of hospitalization,
generally around day 4; however, late pain consultations (days 5–
10) were also recorded and the reason for delayed consultation
was unclear. If deemed appropriate by the consulting acute
pain service, lidocaine or ketamine infusions were respectively
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TABLE 1 | University of Chicago sickle cell disease vaso-occlusive inpatient pain management algorithm.

1. Admission 2. 24h from admission 3. Pain still unrelieved after 24h

from previous intervention

- Continue prior to admission (PTA)

lonag acting and short acting opioid

- Continue PTA neuropathic

analgesics

- Provide non-pharmacologic pain

management education

- Acetaminophen 650mg q 6h

- Ibuprofen 600mg q 6h; exclusion:

acute kidney injury, cardiac disease

- Gabapentin 300mg TID (standing)

- Hydromorphone PCA x 24 h

- Discontinue PCA

- Consider co-analgesics methadonex 48 h for patient on >50mg orla

morphine equivalents

- Continue acetaminophen, ibuprofen, gabapentin

- Consult acute pain service for

consideration of ketamine, lidocaine

or alternative techniques

Pain well controlled

- Start oxycodone or

hydromorphone: 50% of prior 24 h

consumption divided into q

4 h administration

Pain NOT well controlled

- Start oxycodone or hydromorphone

75–100% of prior 24 h consumption

divided into q 4 h administration

- Start methadone (see table)

Methadone-starting dose* Oral morphine equivalents (24 h total)

2.5mg TID po <60 mg/day

5mg TID po >60 mg/day

Consider expert consultation >300 mg/day

*Concurrent opioid dose should not be escalated while receiving methadone as a co-analgesic.

*Patients started at 7.5 mg/day can be titrated to 15 mg/day after 24 h of dosing.

TABLE 2 | University of Chicago inpatient ketamine infusion protocol.

Restrictions Dosing, dispensing, and administration Monitoring

Acute pain service consultation required to initiate

therapy

A member of the acute pain service will order

low-dose ketamine through the order set prior

to initiation

Dose 0.06–0.3 mg/kg/h based on ideal body weight

Starting doses:

Adults: normal renal or hepatic function start at 0.12

mg/kg/h; consider starting at 0.06 mg/kg/h for BMI

<18

Pediatrics: 0.06 mg/kg/h based on ideal body

weight

Contraindications: liver failure

Change infuse rate only by acute pain service

Current opioids reduced if possible during ketamine

dose titration

Continuous pulse oximetry

Routine vital signs, pain and sedation scores every

2 h x 1 then every 4 h for the duration of infusion

Monitor closely for: blood pressure changes, mental

status changes, respiratory rate < 10 breaths/min,

patient slow to arouse; if any of the signs occur,

stop infusion and infuse acute pain service.

administered at 0.5–2 mg/min and 2–3 mcg/kg/min until pain
relief for a maximum of 48 h and a minimum of 24 h as per
University of Chicago inpatient lidocaine and ketamine infusion
protocols (Tables 2, 3). Infusions were stopped at 24-h period
only if pain scores by NRS improved by more than 50%. The
choice for the type of infusion to be administered and the
time frame of its administration considered any patient-specific
factors that might favor one type of infusion over the other and
were in concordance with the preference of the physician treating
the pain. Chart reviews were performed to obtain daily pain
scores, confirm diagnoses, and verify oral morphine milligram
equivalents (MMEs). In the process of retrospective analysis, data
sources such as billing records provided information regarding

medication prescribing and utilization, patients demographics
and general hospital stay; all these data were reviewed.

Patients were excluded from analysis if there was evidence
of ICU admission, invasive procedure, or cardiac disease that
was determined by mention of arrhythmias, cardiomyopathy,
ischemia, or heart failure in patient progress notes or problem
lists. This was done because they were either contraindications to
the interventions of interest or would separately require the use
of opioids for sedation or post-procedural pain. We additionally
omitted patients who received lidocaine and ketamine infusions
on the first day of their admission, as there would be no
way to establish their inpatient opioid requirements prior to
the infusion.
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TABLE 3 | University of Chicago inpatient lidocaine infusion protocol.

Protocol Definition Restrictions Dosing Monitoring

Low dose Continuous infusion for

optimal analgesia

(maximum 24h)

Ordered by acute pain

service available on

regular hospital units with

continuous telemetry

Bolus: 1–1.5 mg/kg over

10min, followed by a flat

dose rate based on ideal

body weight category

<70 kg = 0.5 mg/m

70–100 kg = 0.75 mg/m

100 kg+ = 1 mg/m

Drug level monitoring

First level when patient

arrives in PACU,

subsequent levels daily

with morning labs

Therapeutic blood level:

1.5–6µg/mL

Monitor for side effects

every 4 h

Continuous telemetry to

monitor for dysrhythmia

Moderate dose Continuous infusion >

24 h

Duration of therapy >

24 h

Ordered by acute pain

service available in

intensive care units,

PACU, and emergency

department

Bolus: 1–1.5 mg/kg over

10min, continuous after

that at 0.5–3 mg/kg/h (all

ideal body weight)

Overall, we reviewed three separate groups: those who
received ketamine infusion (KET), those who received lidocaine
infusion (LID), and those who received neither infusion
(SOC-standard of care). All the patients received multi-modal
analgesics including opioid therapy. The SOC (standard of care)
group included patients who never received either infusion
during hospital stay. The KET (ketamine-infused) and LID
(lidocaine-infused) groups were not combined at any point
during the analysis. We decided to conduct the analysis not only
on independent patients but also on hospital encounters, as the
patients studied had multiple admissions to the hospital due
to VOC and were treated with different multimodal analgesic
regimens by multiple admission teams. Given the fact that the
analgesic regimen could differ between admissions, even for
the same patient, we were able to analyze each encounter as
a different event, thus likely limiting both bias and possible
placebo effect.

As primary outcome, we analyzed the reduction of opioid use
before and after the treatment with either infusion or as standard
of care. For each hospital encounter, we determined opioid use
before and after a “therapeutic window”. For encounters with
infusion therapy, the therapeutic window coincided with the
treatment, the infusion. At baseline, the average daily morphine
miliequivalent (MME) dose was obtained for up to 3 days prior
to the start of infusion therapy and for up to 3 days following
the therapy (Figure 1). For encounters with no infusion therapy,
therapeutic window start date and duration were randomly
assigned, conducted in a manner that reflected the distributions
of the data from the patients treated with infusion therapies.
This allowed for us to make more accurate comparisons between
encounters while accounting for duration of treatment as a
potential major confounder. Additionally, treatment window
lengths were assigned as 1, 2, or 3 hospital days. This reflects the
full range of possible treatment durations.

As secondary outcomes, we aimed to identify and
compare length of stay and changes in subjective pain

scores before and after the treatment window in the KET
(ketamine-infused), LID (lidocaine-infused), and SOC
(non-infused) groups.

Statistical Analysis
Two separate t-tests were conducted to compare the mean
daily MME change before and after the treatment between
each infused group and the same standard-care group.
Initial analysis was performed using patient encounters. To
compare the likelihood of dose reduction in MME after
therapy, generalized estimating equations (GEEs), with
opioid dose decrease (yes vs. no) as the dependent variable,
were used for the analysis of direct comparisons of the
effectiveness of ketamine over no infusion or lidocaine
over no infusion. The GEE technique with an exchangeable
correlation structure took into account the within-subject
correlation structure and provided robust standard errors.
GEE analyses with the same dependent variable were also
conducted to identify predictors of outcome. The following
variables were analyzed: age, sex, treatment window length,
baseline opioid dose, day of stay, and weather any NSAIDs,
membrane stabilizers, methadone, or acetaminophen had
been administered in the days leading to the treatment
window. Because of the difficulty of converting methadone
to morphine equivalents due to its unpredictable half-life, we
decided to account for its use and dosing separately from the
opioid use.

We lastly performed a separate analysis to estimate the
adjusted risk ratio by stratified analysis and using a log-binomial
model with a 2:1 matched group (conditional logistic regression)
based on age, sex, and baseline MME. Adjusted relative risk
was also calculated because of the tendency of odds ratios
to overestimate the impact of predictors on common events
(23). All the analyses were conducted on anonymized data
with Stata.
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FIGURE 1 | Schematic of analysis. Patient comparisons were complicated as infused patients had a window of treatment and, thus, point of reference that was not

naturally occurring in non-infused patients. To account for this, we randomly chose a reference day from control encounters and randomly assigned a window (length)

of treatment. In order to give a visual explanation of the way the analysis of the “no infusion” group defined the treatment window, four randomly selected patients with

different trajectories for MME were chosen; as such, each line represents a patient.

TABLE 4 | Baseline characteristics of patient encounters.

Neither Ketamine Lidocaine

Number of encounters 273 28 29

Female (ƒ) 0.63 0.87* 0.71

Median age 30 (23–37) 27 (23–29)* 26 (21–30)*

Median daily MME 240 (140–415) 820 (225–2,100)* 492 (251–860)*

Median day of administration N/A 5.5 (3–8.5)* 4 (3–8)

Median length of stay 9 (6–12) 12.5 (9–17.5)* 9 (7–16)

A total of 330 encounters from 68 patients were identified from January 2017 to July 2018. Encounters with ketamine and lidocaine infusions represent 16 and 21 patients, respectively.

*p < 0.05 in the identified baseline characteristic when compared to the control group.

RESULTS

Overall, 330 hospitalizations of 68 patients met the study criteria.

Of these encounters, ketamine and lidocaine infusions were
administered in 28 and 29 of the admissions for 16 and 21

unique patients, respectively. Twenty-seven patient encounters

were omitted as a result of the exclusion criteria. During
four separate encounters, patients received both lidocaine and

ketamine (not concomitantly). They were not included in the
analysis, as the reason for switching between infusions was
not clear (adverse event vs. futility). Both infusion groups,
KET (ketamine infusions) and LID (lidocaine infusions), were
different from the SOC (standard of care) group, as they had a
greater proportion of females who were younger and consumed
more morphine equivalents per day at baseline. Additionally,
when compared to patients receiving lidocaine, patients receiving
ketamine infusions typically had longer hospital stays and

received ketamine 1.5 days later than patients who received
lidocaine (Table 4).

A total of 299 patient encounters from 68 unique patients
remained for analysis. Twenty-four encounters received
ketamine (16 unique patients, eight encounters were repeat
admissions), 24 encounters received lidocaine (21 unique
patients, three encounters were repeat admissions). A total of 251
inpatient encounters had no administration of either infusion
drug (42 unique patients).

Doses of morphine daily equivalents were calculated taking
in consideration all opioids administered to patients with a wide
range of daily opioid use at baseline. After the treatment window,
the mean change in MME for the SOC (standard-care), KET
(ketamine infusion group), and LID (lidocaine infusion group)
increased by +13% (± 4) in the SOC group and decreased by
−15% (± 13), and−10% (± 10) in KET and LID, respectively. It
was statistically significant (p < 0.05) (Figure 2).
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FIGURE 2 | Comparison of change in average daily oral morphine equivalents between encounters with infusion therapy and those receiving standard care. Data are

mean change in opioid consumption over treatment window (± 1 SE). The ketamine group and the lidocaine group are significantly different from the standard-care

group (p = 0.02, p = 0.03; t-test).

The KET (ketamine infusion group) patients who received
ketamine infusions during their admissions were 65% less likely
to increase their daily MME after the treatment window (ARR
0.35; 95% CI [0.12–0.83], p < 0.01) when compared with SOC
(standard of care group) patients who never received either of
the infusions. Similarly, the LID (lidocaine infusingroup) patients
who received lidocaine infusions were 73% less likely to increase
their opioid consumption (ARR 0.27; 95% CI [0.21–0.72], p <

0.01) when compared with the SOC (standard of care group)
patients who never received either of the infusions (Table 5).

On average, patients that had an increase in MME (n = 141)
after the treatment window had 5.83 (± 0.73) days until hospital
discharge, whereas those who had a decrease in MME (n = 158)
had, on average, 4.54 (±0.73) days until discharge. The difference
among the groups was significant (p < 0.01). However, the KET
and LID groups were not independently associated a shortened
stay or change in pain score during the therapeutic window.

When evaluating individual patients using the GEE
population-averaged model, we calculated the correlation

of the treatment groups, KET and LID, with subsequent hospital
visits. By analyzing 211 individual complete observations
summarizing 59 patients that had two or more admissions, the
results showed that patients with multiple admissions had later
hospital visits with significantly higher probability of decreasing
opioid consumption for both KET (ketamine infusion) and
LID (lidocaine infusion) groups compared to SOC (standard of
care) group respectively (Table 6), perhaps due to introducing
infusions therapies earlier in the pain treatment allgorhythm.

DISCUSSION

With the advent of routine pneumococcal vaccination and
penicillin prophylaxis in the pediatric population, most patients
with SCD have begun to live and thrive well past age 20 (3).
Moreover, transcranial doppler (TCD), as a screening test for
stroke in children with SCD, is emerging as a major factor
leading to improvement in life expectancy during childhood.
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TABLE 5 | Results of intergroup and conditional logistic regression analysis.

Neither Ketamine Lidocaine p

(SOC) Infusion (KET) Infusion (LID)

Encounters (n) 251 24 24

Mean MME change (SE) 13% (± 4) −15% (± 13) −10% (± 10) 0.02

Decrease in MME after treatment window

Opioid decrease frequency 0.52 0.67 0.67 0.1

Unadjusted RR - 1.45 1.45 -

AOR [95%CI] - 4.76 [1.4–17] 6.7 [1.8–25] <0.01

ARR [95% CI] - 2.9 [1.2–8.3] 3.7 [1.4–4.8] <0.01

Data are based on the relative average change (decrease) in daily MME over the treatment window. Data are adjusted for age, sex, days of patient stay, mean opioid consumption, and

co-administration of acetaminophen, nonsteroidal anti-inflammatory drugs (NSAIDs), membrane stabilizers, or methadone.AOR, adjusted odds ratio; ARR, adjusted relative risk; SE,

standard error.

TABLE 6 | Generalized estimation equation (GEE) model with exchangeable

correlation structure.

Opoid Odds Standard z P > z 95% confidence interval

decrease ratio error

Ketamine 1.45 0.22 2.39 0.02 1.07 1.98

Lidocaine 1.24 0.12 2.18 0.03 1.02 1.51

Results of interaction of treatment between primary outcome, decrease in opioid

consumption, number of patient hospital admissions, and administration of either infusion

(ketamine or lidocaine) when compared to those that received neither.

Upon reaching adulthood, painful vaso-occlusive crises become
the number one reason for hospital admission. It is believed
that VOC episodes can precipitate further complications such
as ulcers, neuropathy, cholestasis, and organ failure (24). Thus,
abortion of these episodes is considered paramount. In addition
to nonsteroidal anti-inflammatory agents, opioid analgesics
are the key component of pain management in hospitalized
patients (25).

Both earlier and higher opioid doses in the emergency
department were shown to be associated with shorter hospital
stays (26). Still, the pain of many patients is refractory to standard
abortive therapy. Ketamine infusion and nitric oxide have been
demonstrated to provide some immediate pain relief in the
emergency department (15, 25–27). While there has been no
beneficial effect shown for nitric oxide on refractory pain, many
case reports exist on the successful use of ketamine especially
with longer infusion treatments rather than single administration
(16, 28–30).

In the search for multimodal abortive agents, infusion
therapies, traditionally used in perioperative periods, may also
prove beneficial for patients with SCD admitted for VOC.

Our study is unique in that we specifically compare, albeit
retrospective, the use of ketamine and lidocaine infusions with
encounters that received neither. While we suggest ketamine
infusions to be an emerging modality for the treatment of sickle
cell pain, thus far, there is little evidence to support the use of
systemic lidocaine in this setting on general adult population

(31). Reports on the efficacy of both lidocaine and ketamine
infusions in adolescents with vaso-occlusive crisis have emerged
recently (32). Similarly, lidocaine infusions have been shown
to reduce opioid consumption in pediatric hematology and
oncology patients with refractory pain (33).

From our results, there is evidence that both ketamine and
lidocaine are equally efficacious in stabilizing, and even reducing,
the daily demand for opioid management independent of
baseline opioid doses, length of therapy, and co-administration of
other analgesics, especially in later visits of multiple admissions.
While reduction in daily MME was associated with shorter
duration until discharge, this effect was notmediated by ketamine
or lidocaine infusion. Similarly, neither infusion had any effect on
change in daily numerical pain scores. However, reducing opioid
use may have been essential in further mitigating dose escalation
and development of tolerance and opioid-induced hyperalgesia,
thus allowing patients to progress, with proper support and
medical treatment, toward overcoming the vaso-occlusive crisis
and to subsequent hospital discharge.

Of note, our analysis showed that both the LID and KET
groups appear to have had longer hospital stays than the SOC
group; as the infusion groups do seem to represent a small
percentage of all analyzed hospitalizations for patients with VOC,
the KET and LID groups may indeed indicate a group of patients
with more refractory pain that may benefit from initiation of
infusion therapies earlier in their hospitalization course.

Our study has limitations. Its greatest limitations are those
inherent to its single-center retrospective nature and lack of
prospective controls. Importantly, while patients are hospitalized
and treatment was at the primary care providers’ discretion,
we can neither determine exactly why certain individuals who

qualified for ketamine or lidocaine infusions did not receive

them, nor can we determine exactly why doses of opioids were

manipulated. In addition, from reviewing of medical records,

it did not seem that the choosing of the lidocaine or ketamine
as a treatment was correlated with the state of “responder” to
either of these medications but it was left at the discretion of the
acute pain service attending and based on drug availability. The
validity of our analysis of daily morphine requirements hinges
on the assumption that subjective pain is treated with nearly
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TABLE 7 | Vaso-occlusive (VOC) crisis inpatient pain management.

Decision tree shows quick escalation to inpatient pain consult if opioid regimen is ineffective.

on-demand dosing of opioids. In other words, as pain subsides,
so should doses. Our study does not take into account social and
psychological aspects related to long-term opioid use.

Another limitation of our retrospective review is the small
number of subjects. While there were many encounters, only 68
individual patients were actually identified and 59 were included
in the final GEE analysis. The correlation between infusion
treatment and number of visits seems to show that patients
with multiple admissions seem to rely more on the infusions

to decrease opioid consumption during later hospitalization and
not the initial ones. In these instances, our findings suggest that
either infusion, ketamine or lidocaine, would be equally effective
in maintaining and/or decreasing high opioid doses employed in
hard to treat crises.

Multiple providers with various treatment plans made our
study challenging to interpret as well. With involvement of the
consulting pain service and initiation of infusions, data recorded
in electronic medical record during those treatments may have
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been more easily retrievable than in the “no infusion”, SOC
or standard of care groups, as acute pain service note has
standardized elements to identify pain management treatment
outcomes. This was another challenge of our study.

As there is a strong correlation between decrease in opioid
consumption and initiation of either infusion the more frequent
a patient is admitted to the hospital, we hypothesize that
our treatments do have a stabilizing effect on opioid dose,
especially in patients with significant exposure during earlier
visits. It would be therefore worth investigating the initiation of
lidocaine or ketamine infusions early in the admission process
to perhaps limit the further use of opioids in this challenging
patient population. Therefore, our institution initiated a
multidisciplinary task force to develop a comprehensive clinical
pathway for the treatment of VOC (Table 7). As such, this
protocol suggests early acute pain service interventions as the
sole service responsible for initiation of infusion therapy. Thus,
based on this pathway, lidocaine and ketamine infusions can
be initiated as early as day 2 of hospital stay, as their use
would be dictated by the patients’ response to conventional
and standard of care treatments; per protocol, if assessment
during the first day of hospitalization at three3 time points, 8 h.
apart, does not render a patient significant pain relief, acute
pain consultation and subsequent initiation of infusion therapies
would be indicated; this will allow starting of the rescue infusion
as early as the 2nd day (in some cases 3rd day) of hospitalization,
allowing for, hopefully, better pain control in patients with
painful VOC.

Despite its limitations, because prospective studies on
ketamine are difficult to conduct as patients can easily identify
the treatment received due to side effects encountered, our
retrospective review provided evidence by simple and robust
analysis for the continued use and study on lidocaine and
ketamine infusions in VOCs. Our analysis seems to suggest that
both ketamine and lidocaine have similar effects in decreasing
opioids when initiated in refractory and painful VOC. More
research is needed to identify proper doses and outcomes in
patients with SCD admitted for painful occlusive crises.

CONCLUSIONS

Patients with SCD often reach adulthood as opioid-tolerant
adults due to their long-term use of opioids to treat chronic

pain and acute exacerbations. When opioid dose escalation
alone does not provide relief during painful crises, multimodal
analgesia is required; therefore, every hospital that treats SCD
should have such protocols for these events. While ketamine
has been used before in VOC, lidocaine has been studied more
on pediatric and adolescent patients with VOC (32–34). This
retrospective study identifies intravenous lidocaine as a potential
analgesic similar to IV ketamine to treat acute opioid dose
escalations in painful unrelenting VOC; both agents seem to
have the same analgesic and stabilizing effects on opioid doses.
Moreover, our study shows that lidocaine and ketamine infusions
have higher probability of reducing opioid use in subsequent
later admission visits. With its significant limitations as a
retrospective and small study, our analysis still remains unique as
it does compare the 2 infusion treatments with the no-infusion
group. Moreover, our findings raise the question of initiating
the infusions early in the admission and treatment process to
possibly limit subsequent opioid exposure. Although we showed
good results in opioid reduction using infusion therapies with
either medication, future studies may be needed to prospectively
explore the role of lidocaine and ketamine infusions in the
treatment of refractory crisis or even as a maintenance treatment
in SCD.
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