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Introduction: An opioid-sparing anesthetic involves a multi-modal technique with non-
opioid medications targeting different analgesic pathways. Such techniques may decrease
adverse effects related to opioids. These techniques may be considered in patients at higher
risk for opioid-related adverse effects including obstructive sleep apnea or sleep disordered
breathing.

Methods: A prospective, pilot study was performed in 10 patients (3—8 years of age),
presenting for adenoidectomy. The perioperative regimen included oral dextromethorphan
(1 mg/kg) and acetaminophen (15 mg/kg) plus single boluses of intraoperative dexmedeto-
midine (0.5 pg/kg) and ketamine (0.5 mg/kg). Pain scores were assessed in the post
anesthesia care unit (PACU) using the FLACC (Face, Legs, Activity, Cry, Consolability)
scale. Patients with a pain score >4 received fentanyl as needed. PACU time, pain scores, and
parent satisfaction were recorded. Postoperatively, patients were instructed to use oral
acetaminophen or ibuprofen every 6 hours as needed for pain.

Results: The study cohort included 10 patients, 3—8 years of age. All patients had opioid-
free anesthetic care. PACU time ranged from 24 to 102 minutes (median: 56 minutes).
FLACC pain scores were 0 for all PACU assessments. Nine patients were discharged home
and 1 patient had a planned overnight admission. Following hospital discharge, the pain
scores were satisfactory during the 72-hour study period and 90% of the patients’ guardians
were satisfied or highly satisfied with their child’s pain control.

Conclusion: This opioid-sparing approach provided safe and effective pain control as well
as parental satisfaction following adenoidectomy in children. Additional prospective studies
are needed to determine whether this regimen is effective in a larger cohort of patients with
and for other otolaryngology procedures.
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Introduction

Adenoidectomy is one of the most common surgeries performed in the pediatric
population.’? Some of the most frequent indications for surgery include chronic or
recurrent otitis media, chronic sinusitis, nasal obstruction, and snoring. Many
pediatric patients who have snoring symptoms also have associated SDB or OSA.
Adenoidectomy is often performed in conjunction with tonsillectomy; however, it
may be performed alone with or without tympanostomy tube placement in the
ambulatory setting. Although considered less painful than tonsillectomy, adenoi-
dectomies require pharmacological therapy to manage perioperative pain. Opioid
medications remain the mainstay of treatment for postoperative pain despite the

associated adverse effect profile, which may be exaggerated in patients with SDB or
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OSA.>™ For these patients, the decision to undergo these
otolaryngologic procedures and the use of perioperative
opioids often mandates prolonged periods of observation
or overnight hospital admission due to the potential risk of
postoperative respiratory depression.®’

An opioid-sparing anesthetic technique includes

adjunctive non-opioid agents using a multi-modal
approach employing a combination of non-opioid medica-
tions which target various analgesic pathways.® These
techniques are becoming more popular not only to
decrease the incidence of adverse effects related to
opioids, but in identifying clinical opportunities to mini-
mize opioid use amidst the backdrop of the national opioid
crisis which affects both the adult and pediatric
population.”'® To date, these techniques have been suc-
cessful in managing pain following various surgical pro-
cedures in pediatric patients.®''"™'* The current pilot
studies outline a non-opioid technique using
a combination of adjunctive agents (acetaminophen, dex-
tromethorphan, ketamine and dexmedetomidine) with
analgesic effects in a cohort of children undergoing ade-
noidectomy. We hypothesized that this technique would
provide intraoperative analgesia, postoperative pain man-
agement, and facilitate performance of this surgical proce-
dure without the need for perioperative opioids. The goal
was to standardize this protocol, demonstrate safety and
efficacy through the absence of unanticipated adverse
events necessitating unplanned prolonged hospitalization
and need for breakthrough pain medication, with the future
expansion to a larger cohort including other otolaryngolo-

gic procedures.

Methods

This was a prospective pilot study approved by the
Institutional Review Board of Nationwide Children’s
Hospital (IRB 18-00235). It was conducted in accordance
with the regulations of the Declaration of Helsinki for
research involving human subjects. The study was regis-
tered at Clinicaltrials.gov (NCT03714919). A parent or
legal guardian of eligible patients was approached after
their preoperative visit with their pediatric otolaryngolo-
gist who described the study and asked if they would be
willing to allow their child to participate in the opioid-
sparing technique. Written informed consent was obtained
on the day of surgery. Each patient was followed by
a research coordinator throughout the perioperative pro-
cess which began from the time of enrollment in the

preoperative area until discharge from the post anesthesia
care unit (PACU).

Eligible patients were those ranging in age from 3 to 8
years of age undergoing adenoidectomy with or without
tympanostomy tube placement. Subjects were required to
have a parent/guardian who was compliant with routine
medical care, capable of subjective evaluation of pain, and
able to read, understand and sign the informed consent.
Exclusion criteria included patients who had an American
Society of Anesthesiologists’ Physical Status >4, a known
hypersensitivity or allergy to any of the study medications
(acetaminophen, dextromethorphan, ketamine, dexmedeto-
midine, fentanyl), patients who were receiving chronic
opioid analgesic therapy prior to surgery, renal disease,
hepatic disease, and obesity (body mass index greater
than 99th % for age).

Study patients received a standardized anesthetic tech-
nique consisting of oral dextromethorphan (1 mg/kg), oral
acetaminophen (15 mg/kg), and oral premedication with
midazolam (0.3 mg/kg) administered in the preoperative
holding area prior to surgery. A lower dose of midazolam
was selected to minimize potential additive sedation from
the multiple study medications while providing preopera-
tive anxiolysis to all subjects. These medications were
administered 15-20 minutes prior to the induction of
anesthesia by the inhalation of sevoflurane in
a combination of nitrous and oxygen. Following the
induction of anesthesia, a peripheral intravenous catheter
was placed and propofol (1-1.5 mg/kg) administered to
facilitate endotracheal intubation. Intravenous dexmede-
tomidine (0.5 pg/kg) and intravenous ketamine (0.5 mg/
kg) were then also administered. Isoflurane was adminis-
tered for maintenance anesthesia, titrated to maintain the
bispectral index at 50—60 in a combination of air and
oxygen with an inspired oxygen concentration of less
than 30% to limit the risk of airway fire. All patients
received prophylaxis for postoperative nausea and vomit-
ing with ondansetron (0.15 mg/kg) and dexamethasone
(0.25 mg/kg).
a minimum of 2040 mL/kg of lactated ringers. The

Intraoperative fluid therapy included

study medications of acetaminophen, dextromethorphan,
dexmedetomidine and ketamine were prepared by
research pharmacy with dosing for each medication
guided by previously published data. All study medica-
tions were controlled by Investigational Drug Services
following Research Pharmacy SOPs for the Control of
Investigational Drugs.
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Following completion of the surgical procedure, the
patient was transported to the PACU where tracheal extuba-
tion occurred according to our usual routine for rapid turn-
over of the operating room.'* Baseline vital signs were
obtained and pain scores assessed using the FLACC scale
(Faces, Legs, Activity, Cry, Consolability).'> The presence
of emergence delirium was measured using the PAED scale
(Pediatric Agitation and Emergence Delirium).'® Those sub-
jects whose pain score was assessed at <4 received standard
postoperative care and no analgesic agents, whereas subjects
whose assessed pain scores were >4 received fentanyl (0.5
png/kg) every 10 minutes as needed.

Variables recorded included time to tracheal extubation,
time to first analgesic delivery in the PACU; pain scores,
heart rate, blood pressure, and oxygen saturation at PACU
arrival and post arrival time points at 5 minutes, 15 minutes,
30 minutes, 45 minutes and 60 minute time points, number
of doses of fentanyl administered in the PACU, presence of
nausea/vomiting; presence of sedation, presence of respira-
tory complications as defined by oxygen saturation <90%
requiring intervention in the form of supplemental oxygen or
pharmacological management, and total PACU time.

Subjects were discharged home from the PACU once
standard discharge criteria were met with instructions to
administer appropriate weight-based doses of oral acetamino-
phen every 6 hours as needed for pain with additional ibupro-
fen every 6 hours for break through pain. Families of study
subjects were also given a pain diary to record pain scores
using the Wong Baker FACES scale'” and analgesic use from
hospital discharge to 72 postoperative hours. A member of the
study team contacted a parent or guardian by telephone to
obtain this information, answer any questions regarding post-
anesthetic recovery, and evaluate their satisfaction with the
anesthetic and analgesic care (1-5 scale; 5 = highly satisfied).

The primary outcome was the analgesic efficacy of
a multi-modal, non-opioid analgesic regimen for providing
surgical analgesia in pediatric patients undergoing adenoi-
dectomy + tympanostomy tube placement and if there was
a need for rescue opioid analgesia in the PACU. The sec-
ondary objective was to assess recovery characteristics in the
PACU and at home following surgery. Categorical variables
were reported as counts with percentages and continuous
variables were reported as medians with interquartile ranges.

Results

The study cohort included 10 pediatric patients, ranging in
age from 3-8 years, with an ASA physical classification, of
1 or 2. The surgical procedure included adenoidectomy

Alghamdi et al
Table 1 Demographics of the Study Cohort
Age (Years) 5(@3,8)
Gender: female 5 (50%)
Height (cm) 110 (101.5, 118.35)
Weight (kg) 20.5 (16.65, 25.175)

ASA physical classification
ASA |
ASA 2

6 (60%)
4 (40%)

Note: The data are listed as the median (IQR) or number (percentage).
Abbreviations: ASA, American Society of Anesthesiologists; IQR, interquartile
range.

Table 2 Postoperative Outcomes

Time to Tracheal Extubation (min) 23 (17, 29)
PACU LOS (min) 56 (49, 65)
End of surgery to hospital discharge (min)* 122 (106, 187)
Opioids in the PACU None
Oxygen requirement in the PACU None
Presence of
Sedation 7 (70%)
Nausea or vomiting I (10%)
Hallucinations 0

Notes: *One patient had a planned inpatient admission. All other cases were discharged
home the same day. The data are listed as the median (IQR) or number (percentage).
Abbreviations: PACU, post-anesthesia care unit; IQR, interquartile range; LOS,
length of stay.

(n=4) or adenoidectomy with myringotomy tube placement
(n=6). Patient demographics are outlined in Table 1.
Surgical, anesthetic, and postoperative outcomes are listed
in Table 2. All of the patients had an opioid-free experience
for the entirety of their anesthetic care. As per our institu-
tional standard of care, tracheal extubation was performed in
PACU. FLACC pain scores were 0 for all PACU assess-
ments for all patients. The median time from end of the
surgical procedure to tracheal extubation was 23 minutes.
Total PACU length of stay had a median of 56 minutes with
an IQR (interquartile range) of 49 to 65 minutes. Emergence
delirium was assessed using the Pediatric Agitation and
Emergence Delirium Scale (PAED, Table 3). Although
PAED scores were uniformly 12 at the first 3 assessment
times, this was due to recovery from anesthesia and not
agitation as the patients were not responsive to commands.
In this time frame, the children were recovering from
anesthesia until they were extubated. Assessment points for
PAED at 30 minutes and beyond were generally <5 with no
patient being restless. Similarly, sedation was noted in 7 out
of 10 patients during the early PACU course as they were
emerging from anesthesia until tracheal extubation which

Journal of Pain Research 2020:13
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Table 3 Pediatric Anesthesia Emergence Delirium Scale

Categories 5 Minutes Post-Extubation | 15 Minutes | 30 Minutes | 45 Minutes | 60 Minutes

The child makes eye contact with the caregiver | 4 (4, 4) 4 (3, 4) 4 (2, 4) 2(0,4) 1 (0, 3)

The child’s actions are purposeful 4 (4, 4) 4 (3, 4) 4(1,4) 2 (0, 4) 1 (0,3)

The child is aware of his/her surroundings 44,4 43,4 4(1,4 20,4 1(0,3)

The child is restless 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0)

The child is inconsolable 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0)

Total 12 (12, 12) 12(10,12) | 12(4,12) | 5(0, 11) 2 (0, 8)
Notes: Data listed as median (IQR). Each category is graded as: 4 = not at all; 3 = just a little; 2 = quite a bit; | = very much; 0 = extremely.
Abbreviation: IQR, interquartile range.
occurred at a median time for 23 minutes after completion of ~ Table 5 Clinical Outcomes Following Discharge
the surgical procedure. One patient had an episode of nausea Time Day0 |Day!| |Day2 | Day3
and vomiting. Vital signs in the first postoperative hour were

hi I limits (Table 4). Medi . f h dof Highest pain score 4(0,6) | 4(0,6) 3(0,7) 1 (0, 7)
within norma '1m1ts.( able 4). Median tllme rorr?t e el’.l 0 Lowest pain score 00, | 0@ 1) [003 |02
surgery to hospital discharge was 122 minutes. Nine patients Acetaminophen doses | 1(0,2) | 1(0,2) | 10,2 |0(0 2
were discharged home while 1 patient had a planned admis- Ibuprofen doses 1(0,2 [0(0,2 |0(@© 1) |0(0?2)

sion who did not receive additional opioids during the post
procedure hospitalization. No medication reactions nor any
other complications were seen. Following discharge, the
pain scores for the initial 72 postoperative hours were within
acceptable ranges (Table 4). One patient did not take any
supplemental acetaminophen or ibuprofen after hospital dis-
charge while the remaining 9 received acetaminophen or
ibuprofen on at least one postoperative day within the 72-
hour recording period. Five of 10 patients’ guardians were
highly satisfied with their child’s pain control, four were
satisfied, and one was dissatisfied due to high pain scores
following discharge home on postoperative days 1-3
(Table 5).

Discussion

In 1853, opioids were introduced into medical practice and
have remained the mainstay of pain management for acute
postoperative pain. Techniques that provide opioid-sparing

Table 4 Postoperative Vital Signs in the Study Cohort

Notes: Pain score on Day 0 is day of surgery and after home arrival. Data are listed
as the median (IQR).
Abbreviation: IQR, interquartile range.

analgesia have come into practice to minimize the need for
opioids and thus limiting the opioid-related adverse effects
to enhance recovery in various perioperative protocols for
enhanced recovery after surgery or ERAS, expedite hospi-
tal discharge after surgery, and to address the growing
concerns regarding opioid diversion, dependency, and
addiction. These techniques aimed at enhanced recovery
following surgery use adjunctive agents that act through
various non-opioid receptors including: acetaminophen,
non-steroidal anti-inflammatory agents, a,-adrenergic ago-
nists (clonidine or dexmedetomidine), NMDA receptor
antagonists (ketamine or dextromethorphan), and sodium
channel blockers (lidocaine).'® To date, the use of an

opioid-sparing technique has been previously described

Parameter or Time | Heart Rate Systolic Blood Diastolic Blood Mean Arterial Oxygen

(Beats/Minute) Pressure (mmHg) Pressure (mmHg) Pressure (mmHg)* Saturation
(%)

Arrival to PACU 98 (92, 105) 95 (87, 102) 47 (42, 57) 59 (52, 66) 100 (100, 100)

5 minutes after arrival | 104 (97, 111) 102 (89, 111)" 60 (54, 68)" 70 (63, 72) 100 (97, 100)

I5 minutes 98 (95, 106) 100 (96, 102) 56 (52, 61) 65 (61, 72) 99 (97, 100)

30 minutes 89 (83, 100) 95 (91, 98) 60 (51, 63) 70 (63, 73) 98 (97, 99)

45 minutes 93 (83, 103) 93 (89, 101) 56 (54, 66) 67 (63, 67) 98 (98, 100)

60 minutes 95 (89, 100) 99 (92, 108) 64 (58, 72) 73 (66, 76) 98 (97, 98)

Notes: Times are listed as minutes following tracheal extubation. Data are listed as the median (IQR). *Mean arterial pressure measurements missing for one subject for all
time points. Blood pressure measurement missing for one subject at 5 minutes after arrival.

Abbreviations: IQR, interquartile range; PACU, post-anesthesia care unit.
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in pediatric patients through the use of regional
anesthesia and non-opioid medications for various surgical
procedures.®' 12

Our pilot study utilized an opioid-sparing technique for
intraoperative and postoperative analgesia that included 4
medications dextromethorphan, acetaminophen, dexmedeto-
midine, and ketamine. At our institution, preoperative acet-
aminophen and intraoperative dexmedetomidine are
frequently administered, but the use of the other two med-
ications (dextromethorphan and ketamine) was unique addi-
tions to the perioperative regimen. Dextromethorphan and
acetaminophen were administered preoperatively along
with the oral medication (midazolam). Dextromethorphan
is a medication commonly used for its antitussive effect in
pediatric patients.'®° In addition to its anti-tussive effects,
dextromethorphan acts as an NMDA receptor antagonist
thereby providing analgesia.”' > The preoperative admin-
istration of dextromethorphan has been shown to reduce
postoperative opioid requirements following adenotonsil-
lectomy in pediatric patients at doses of Img/kg.”'

Acetaminophen (paracetamol) is a first-line antipyretic
and analgesic for mild and moderate pain. Anti-nociceptive
effects result from the central inhibition of the cyclo-
oxygenase enzyme leading to decreased production of pros-
taglandins, which in turn diminishes the release of excitatory
transmitters involved in nociceptive transmission. It remains
a mainstay for the treatment of pain both as a primary agent
and as an adjunct in pediatric patient undergoing otolaryngo-
logical procedures.*** Given cost concerns and lack of
proven data to demonstrate a difference in efficacy, we

.. . 2
administration.”®

chose to use the oral route for
Acetaminophen was then administered postoperatively as
needed to provide ongoing analgesia with additional ibupro-
fen available for break-through pain.?’

One concern with the preoperative administration of
oral medications may be the volume of fluid required in
the digestive tract to absorb the medication in a patient
who is being kept nil per os (NPO). The 3 medications
used in the current study require a small amount of liquid
to be administered. In a 10 kg patient, the 3 medications
are administered in a total of 7.9 mL including 1.5 mL of
the 2 mg/mL midazolam solution (0.3 mg/kg), 1.7 mL of
the 30 mg/5 mL dextromethorphan solution (1 mg/kg), and
4.7 mL of the 160 mg/5 mL acetaminophen solution.
However, the preoperative administration of oral acetami-
nophen (the largest volume component of our preoperative
regarding) has not been shown to increase gastric volume

at the time of anesthetic induction.”® In this study, the

authors administered 40 mg/kg of acetaminophen using
a solution with a concentration of 50 mg/mL. This would
deliver a volume of 8 mL to a 10 kg patient, which is
similar to the volume administered to our patients when
considering the cumulative volume of the 3 medications.
Although all study patients were able to ingest the volume
of preoperative medications without difficulty, we concede
ingestion of higher volumes may be problematic in other
patient populations who are older, have oral aversions or
higher dosing weight. However, further studies are needed
to determine whether this opioid-sparing technique can be
adapted to different patient populations in whom ingestion
of larger volumes would be a concern through modifica-
tions such as earlier staggered medication administration
prior to scheduled surgery.

Intraoperative analgesia was then supplemented with
dexmedetomidine and ketamine. Dexmedetomidine is an
op-adrenergic agonist with anxiolytic, nociceptive, and
sedative properties that is commonly used for sedation in
the intensive care unit setting, procedural sedation, and to
decrease the incidence of postoperative emergence delir-
um. It has been shown to be effective in pediatric patients
undergoing ENT procedures due to its desirable effect of
providing effective analgesia and reducing emergence agi-
tation and postoperative opioid requirements in dosages
ranging from 0.5-1 pg/kg.** ' In addition, given its lim-
ited impact on control of ventilation, dexmedetomidine has
been shown to be safe and effective in patients with OSA
or SDB.*

Ketamine is a phencyclidine derivative with sedative
and analgesic properties modulated through antagonism of
the NMDA system. Several studies have demonstrated keta-
mine’s role as an effective analgesic adjuvant in pediatric
patients undergoing various surgical procedures®” and ton-
sillectomy when combined with opioids, acetaminophen,
and dexmedetomidine.**>* The incidence of potentially
concerning adverse effects such as postoperative nausea
and vomiting (PONV) as well as emergence delirium are
mitigated by the use of a low intraoperative dose (0.5 pg/
kg) and coadministration with dexmedetomidine which has
been shown to decrease both PONV and emergence delir-
ium after ketamine.** Although dextromethorphan and keta-
mine share a similar mechanism of action to provide
analgesia with individual studies suggesting efficacy for
pain management for each medication, no studies to date
have used them in combination. It is possible there is
limited synergistic analgesia given similar mechanisms of
actions of NMDA blockade although ketamine may have
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alternative analgesic pathways. Other key intraoperative
components of our regimen included the use of isoflurane
for maintenance anesthesia to further limit the potential for
emergence delirium as well as PONV prophylaxis with the
liberal administration of intraoperative fluids, and the pro-
phylactic administration of ondansetron.>>*® In addition to
its role in prevention of PONV, dexamethasone has been
shown to improve analgesia and limit opioid needs follow-
ing adenotonsillectomy in children.*’

The current pilot study was an exploratory endeavor to
determine whether the study medications could provide
a feasible analgesic regimen for pediatric patients under-
going adenoidectomy in the absence of ketorolac. To our
knowledge, this is the first study describing the combined
use of dextromethorphan, acetaminophen, ketamine and
dexmedetomidine to manage pain for pediatric patients
undergoing otolaryngologic procedures. Although the use
of ketorolac has been utilized for pediatric otolaryngologi-
cal procedures without a reported increase of postoperative

11.38.39 3 lack of consensus remains due to institu-

bleeding,
tionally dependent tonsillar bleeding rates and differing
perceptions among otolaryngologists regarding risk factors
and causes of post tonsillectomy hemorrhage. Of note, the
pediatric otolaryngologists within our institution preferred
to exclude ketorolac in the current study due to conflicting
evidence regarding the potential risk of bleeding.***!
Limitations of the pilot study include the lack of
a comparator group and absence of a large study cohort
to identify adverse events with lower incidences attributed
to study medications. In addition, because the postopera-
tive questionnaire did not include specifics regarding
recovery beyond the numerical scales of pain management
and parental satisfaction, detailed information regarding
postoperative recovery was limited to what the parents
chose to disclose at the 72 hour follow up phone call.
Although the impact of the results of this pilot study is
limited due to its numbers, we found that adenoidectomy
could be safely performed without excessive pain with an
opioid-sparing technique. None of the patients required
intraoperative or postoperative opioids. All were able to be
effectively discharged within approximately 2 hours of com-
pletion of the procedure. Parents and guardians were highly
satisfied or satisfied with the perioperative course in 9 of the
10 patients. Additional analgesia may have been provided by
the inclusion of oral or intravenous non-steroidal anti-
inflammatory agents into the regime including intravenous
ibuprofen or a cyclo-oxygenase type Il inhibitor such as
Celecoxib. These agents have been shown to be effective

in decreasing opioid consumption, lessening pain intensity,
and improving the postoperative course following adenoton-
sillectomy in children without increasing the incidence of
bleeding complications.** ** Based on the findings of this
pilot study, future studies should focus on continued adapta-
tions and modifications to various non opioid pain techni-
ques with regard to differing dosing, timing and medication
combinations. More importantly, further studies with larger
pediatric cohorts are needed to evaluate what types of more
painful procedures such as adeno-tonsillectomy and at-risk
patients such as those with obesity and obstructive sleep
apnea would benefit from an opioid-sparing analgesic
approach without compromising pain management while
minimizing opioid-related side effects.

Data Sharing Statement

Deidentified data and protocol requests may be made to
the corresponding author. Each request will be reviewed to
ensure that there is no sharing of identifiable data. If the
request is deemed appropriate, data may be provided.
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