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ABSTRACT

Introduction: Spine surgery has one of the highest morbimortality rates in the pediatric population. Pain management has not
been standardized on said population. Multimodal analgesia (MMA) was developed to resolve that problem. Objective: To develop,
based on a systematic review, a detailed and original pain management multimodal pharmacology protocol for pre and post-
operative (intra and extra-hospital) periods for the pediatric population undergoing spine surgery. Materials and Methods: We
conducted a systematic review of full texts in English and Spanish from PubMed, Embase, Cochrane Library, and LiLacs Database
from 2000 to 2021. We used the PRISMA flow diagram. Results: From a total of 756 papers, 38 were included in the final evalu-
ation. Considering the bioethical difficulties to develop a manuscript from clinical trials with drugs and drug combinations in the
pediatric population, we developed an original and detailed pain management protocol for pre and post-operative (intra and extra-
hospital) periods for the pediatric population undergoing spine surgery. Conclusion: Based on a systematic review, we succeeded
in developing a simple and easily reproducible perioperative multimodal pain management protocol (intra and extra-hospital),
intending to expedite the patient’s functional recovery and reduce global socioeconomic costs.

Level de Evidence: II
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Protocolo multimodal farmacolégico perioperatorio en cirugia de columna pediatrica

RESUMEN

Introduccion: La cirugia de columna es uno de los procedimientos con mayor morbimortalidad dentro de la poblacion pediatrica;
el manejo farmacoldgico del dolor en dicha poblacién aun no se encuentra estandarizado. La analgesia multimodal (MMA) trata de
responder a esta problematica. Objetivo: Desarrollar, basados en una revision sistematica de la literatura, un detallado protocolo
multimodal farmacolégico para el manejo del dolor pre- y posoperatorio intra/extrahospitalario en cirugia de columna pediatrica.
Materiales y Métodos: Se realizd una revision sistematica de textos completos en inglés o espafol en PubMed, Embase, Co-
chrane Library y LILACS Database publicados entre 2000 y 2021; se aplicé el diagrama de flujo PRISMA. Resultados: De 756
articulos preseleccionados, 38 fueron incluidos en la evaluacion final. Dada la dificultad bioética de desarrollar trabajos en formato
de ensayos clinicos con farmacos y combinaciones de ellos en la poblacién pediatrica, desarrollamos un protocolo detallado de
manejo de dolor pre- y posoperatorio EV/VO, intra- y extrahospitalario, para aplicar en nifios llevados a cirugia de columna. Con-
clusién: Logramos desarrollar un detallado protocolo multimodal farmacoldgico para el perioperatorio intra- y extrahospitalario de
cirugia de columna en nifos, sencillo y reproducible, tendiente a acelerar la recuperacion funcional del paciente y disminuir los
costos socioeconomicos globales.
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INTRODUCTION

Scoliosis is a three-dimensional deformity of the spine, which generates a pathological angulation. Treatment
may eventually require surgery, its objective is to prevent the progression of the deformity and to correct and obtain
a solid arthrodesis. This surgery is recognized as one of the most invasive orthopedic procedures performed on
pediatric patients.'

Spinal surgery in the pediatric population is associated with considerable postoperative pain, which frequently
requires the parenteral use of opioids. The counterpart is the usual adverse effects, such as nausea, vomiting, pru-
ritus, urinary retention and respiratory depression. At the same time, states of moderate sedation could delay the
patient’s functional recovery and discharge.'+=

The other pharmacological group usually associated with opioids and used in pediatric surgery are NSAIDs
(non-steroidal anti-inflammatory drugs). These are considered analgesic, anti-inflammatory, antipyretic and anti-
platelet agents for the most part. They have a peripheral and central mechanism of action, less analgesic efficacy
than opioids, with a ceiling effect of toxicity. The adverse effects to take into account are gastrotoxicity, hepatotox-
icity, neurotoxicity, cardiotoxicity, anaphylaxis and inhibition of platelet aggregation, among others, '-1>16-19.22-24.32-41

In some patients and their families, fear of Post-Op Pain creates stress, and this negatively affects recovery. In
turn, the literature describes postoperative pain associated with spinal surgery as one of the most frequent variables
for hospital readmission, among others.*

Pain management after spinal surgery in the pediatric population can be approached in different ways. To our
knowledge, this topic does not appear clearly standardized in the literature, so there are innumerable references to
multiple drugs, routes of administration, and possible combinations associated with pre-, intra-, and postoperative
pain management. 533445 Among them, we can mention the use of opioid derivatives, administered by health
personnel or through a patient-controlled analgesia (PCA) device. Continuous epidural infusion (CEI) of opioids
or intrathecal injection (IDD) of morphine in a single dose (pre- or intraoperative) are also indicated. These regi-
mens, added to the use of adjuvants, have been used intravenously (IV) and orally (PO) during the postoperative
period during hospitalization and after discharge.'?!->3-34647

Multimodal analgesia (MMA), first described in 1993 by Kehlet and Dahlj, arises in response to this problem. It
is based on the combination of different analgesic and anti-inflammatory drugs, taking into account the different
underlying pathophysiological mechanisms. This approach proposes to achieve a more adequate control of pain
using lower doses of drugs, thus reducing their adverse effects. 12123347

The pharmacological management of postoperative pain after pediatric spine surgery, which includes MMA, is
not clearly standardized in the international literature. It is possible to find various papers that propose alternative,
not completely defined algorithms for pre-, intra- and postoperative medication, for intra- or extra-hospital use. We
understand that the development and subsequent implementation of such a protocol, with an adequate detail of the
complete dosage, frequency, and days, both in the in-hospital and out-of-hospital context (within the availability
of each means), would improve the quality of life of the patient and accelerate their functional recovery while
decreasing the socioeconomic costs of the family group and the health system. '-2!233%47

The objective of this research was to develop, through a systematic review of the literature, a detailed and
original multimodal pharmacological protocol for the management of pre- and postoperative pain, intra- and extra-
hospital, in spinal surgery in the pediatric population.

MATERIALS AND METHODS

We conducted a literature search of full texts in English or Spanish published between 2000 and 2021 in the
PubMed, Embase, Cochrane Library and LILACS Databases. For the literature search, the following combination
of MeSH (Medical Subject Headings) terms was used: “spine surgery”, “postoperative pain” and “pediatrics”.
Additionally, a manual search was performed. The extracted information was ordered by main author, year of
publication, department in charge, study design, drugs used and recommended doses, conclusions, and recom-
mendations.

A total of 756 articles were found, of which 38 were included in the final evaluation. Inclusion criteria were pa-
tients aged 10-18 years who had undergone primary instrumented spinal surgery and had received a multimodal

management protocol for postoperative pain.
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As this is a systematic review, approval by an ethics committee or institutional review board (IRB) was deemed
unnecessary. The flowchart standard known as PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) was followed, as summarized in Figure 1.

PubMed/Embase/Cochrane

Identification : Manual search
; &
of articles Library/LILACS n=3
n =756
Article Search results — Elimination of duplicates
reviewing n=759 n=228

Exclusion of studies
Article Analyzed studies 3 (language, adult patients,
selection n =531 case report, unavailable online)
n =493

Articles analyzed
in final review
n=238

Articles included
in final review

Figure. 1. Flowchart (PRISMA)

RESULTS

756 articles were found, of which 718 were excluded because they had not met the inclusion criteria, because
they were duplicated, because they were not available online, or because they were case reports. In short, the final
analysis included 38 studies and significant heterogeneity was detected among them in terms of methodology,
population evaluated, and arbitrary comparisons between drugs and doses.

Most of the 38 papers considered had a multidisciplinary approach; 14 papers were in charge of anesthesiolo-
gists, 13 were authored by trauma surgeons, 7 responded to clinical medicine, 3 to the specialty of palliative care,
and 2 were approached by neurosurgeons. Within the methodologies followed, we registered 14 systematic re-
views, 11 case series, 5 were not clearly specified, and 3 were expert recommendations.

The vast majority of these works described the need to introduce a multimodal analgesia scheme, be it preopera-
tive, intraoperative (in its various routes of administration) or postoperative, or their combinations. Some of them
were inconclusive and made little reference to intra- and extra-hospital postoperative pain management.

The work of Lee et al. is worth noting, a systematic review in which they developed an intraoperative and
postoperative pain MMA scheme (admission and discharge), where opioids were used with PCA. In this work,
no reference was made to preoperative medication, and extensive reference was made to the difference between
intraoperative and epidural opioids versus intrathecal opioids.*

On the other hand, Frizzell et al., included general orthopedic patients, with a methodology not fully specified,
where various tools were listed for the management of postoperative pain, with drugs and possible doses not
clearly defined, and they developed an intra- and extra-hospital protocol with opioids (with PCA).*

In a case series with 57 patients who underwent spinal surgery, Anderson et al. described a protocol with opi-
oids and PCA. The doses of the different drugs were not detailed and regarding the frequency, it was indicated “as
needed”. They did not describe it according to days of postoperative pain nor with respect to the out-of-hospital
period.*®

Rev Asoc Argent Ortop Traumatol 2022; 87 (6): 825-837 « ISSN 1852-7434 (online)

827



Piantoni L. et al.

Yoo et al. comprehensively described the physiopathogenesis of pain; the methodology of work is not com-
pletely clear. An MMA pain management protocol was described on postoperative days 1 and 2 only, and no ref-
erence was made to management at hospital discharge.”® In a retrospective study of 29 patients with Post-Op Pain
of the pectus in pediatrics, Man et al. described an interesting and rich MMA pain management protocol during
the postoperative period and after discharge, but did not clarify the dose or relationship with Post-Op Pain days.”’

Rao et al. referred to the importance of pain management in a MMA format within an ERAS (Enhanced Recov-
ery After Surgery) protocol, and supported the use of opioids with PCA. They did not detail the doses of the Post-
Op Pain drugs and the study lacked an analgesic plan at discharge.” Table | summarizes the information collected
from the works finally evaluated.

Table 1. Main characteristics of the selected works

Authors/ | Department/s Study Pediatric Described Drugs/doses des- Strengths and/or
Year in charge design population MMA pain cribed limitations of the work
of research included scheme
(drugs/dose)
1 Wong Orthopedics/ Systematic Yes No NSAIDs, Promoted patient and fam-
etal./2017 Rehabilita- review paracetamol ily education
tion/Physical
Therapy
2 Rawal Anesthesia Not specified ~ Not speci- No NSAIDs, ketamine, Promoted communication
et al./2016 fied gabapentinoids, between palliative care
opioids specialists, nurses, and
surgeons
3 Joshi General Surgery Not specified ~ Not speci- No NSAIDs, ketamine, Collaborated with ERAS
et al./2019 fied gabapentinoids,
opioids
4 Kaye Anesthesia Systematic ~ Not speci- No Dexmedetomidine ~ Promoted use of dexme-
et al./2020 review fied detomidine
5 Borgeat Anesthesia Systematic Yes No NSAIDs, acetamin-  Promoted use of epidural
et al./2008 review ophen, gabapentin, analgesia

opioids, corticoste-
roids, and muscle

relaxants
6 Chou Orthopedics Systematic Not speci- No NSAIDs, ac- No corticosteroids/BZD,
etal./2018  /Neurology / review fied etaminophen, adaptation of analgesia to
Epidemiology antidepressants, low-resource countries.
gabapentinoids Patient education
7 Oliveira  Clinical / Physi-  Systematic Not speci- No NSAIDs, acetamin- ~ Promoted practical pain
et al./2018 cal Therapy review fied ophen, opioids, treatment guidelines
antidepressants
8 Hsu Orthopedics /  Expert recom-  Not speci- No NSAIDs, acetamin- Promoted MMA treatment/
etal./2019  Palliative care mendation fied ophen, gabapentin,  physical and cognitive
opioids therapy
9 Zielinski Head and neck  Systematic Yes No NSAIDs, opioids, ~ Promoted practical pain
et al./2020 surgery review paracetamol treatment guidelines
10 Koes Clinic Systematic ~ Not speci- No NSAIDs, ac- Using how-to guides are
et al./2010 review fied etaminophen, challenging
antidepressants,
corticosteroids,
gabapentinoids
11 Aubrun Clinic / Pallia- Expert recom-  Not speci- No NSAIDs, ketamine, Addition of opioids, dexa-
et al./2019 tive mendation fied gabapentin, opioids methasone, NSAIDs
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12 Apfelbaum Anesthesia Case series Not speci- Partially Paracetamol, Promoted MMA treatment,
et al./2012 fied fentanyl, opioids, did not describe it with
NSAIDs, ketamine. doses/days
13 Yousefifard Anesthesia / Systematic Adult and No Paracetamol, Did not recommend uni-
etal./2019  Emergencies / review pediatric fentanyl, opioids, modal use of opioids
Physiology NSAIDs, ketamine.
14 Joshi Anesthesia ~ Expert recom-  Not speci- No Paracetamol, Review methodology to
et al./2017 mendation fied fentanyl, opioids, ~ develop pain guidelines
NSAIDs, ketamine.
15 Creary Anesthesia/  Retrospective Yes No NSAIDs, opioids ~ Stimulating work with opi-
etal./2020  Clinic / Pallia- study oids in pediatric guidelines
tive (n=1505)
16  Dabbagh Emergency Not specified Yes No No Adding non-pharmacologi-
et al./2020 cal therapies
17 Frizzell Orthopedics ~ Not specified Yes Partially Acetaminophen,  Methodology not specified;
etal./2017 NSAIDs, opioids, did not dose all drugs;
gabapentinoids, opioids with PCA; ortho-
BZDs. pedic surgery; High MMA
without dose.
18  Young/2017 Emergency Systematic Yes No No Promoted rapid diagnosis
review and treatment of pain, add-
ing non-pharmacological
therapies
19 Lee Anesthesia Systematic Yes Yes, w/ PCA Opioids, ketamine, ~ Systematic review; opioid
et al./2020 review gabapentin, BZD.  differences EPI vs. ITM;
no pre-OP drugs; opioids
with PCA; MMA day/day
with dose
20 Jones Anesthesia ~ Retrospective Yes No Dexmedetomidine, ~ No differences between
etal./2014 study (n=163) opioids groups with or without
dexmedetomidine
21 Hong Anesthesia Retrospective Yes No Fentanyl, oxyco-  Promoted MMA treatment
et al./2017 study (n=40) done, ketorolac,
paracetamol,
diazepam
22 Mc Nicol Anesthesia Systematic Yes No Opioids, ketorolac  Insufficient data to support
et al./2018 review use of ketorolac
23 Aoki Anesthesia Retrospective Yes No Dexmedetomidine, =~ MMA and fentanyl use
et al./2021 study (n= 142) opioids, NSAIDs,  need to be better studied
acetaminophen
24 Sheffer Orthopedics ~ Non-systemat- Yes No NSAIDs, ketamine, Promoted MMA treatment
et al./2017 ic review gabapentinoids,
opioids
25 Shah Orthopedics / Systematic Yes No NSAIDs, acetamin- Promoted MMA treatment
et al./2020 Clinic review ophen, gabapentin,
opioids
26 Johnson Orthopedics Systematic Yes No NSAIDs, opioids, Reduction of pain to
et al./2021 review gabapentinoids, improve recovery
corticosteroids
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27

28

29

30

31

32

33

34

35

36

Anderson
et al./2020

Yoo
et al./2019

Rajpal

et al./2010

Devin
et al./2015

Man
et al./2017

Rao
et al./2021

Song
et al./2014

YaDeau
et al./2019

Pagnotto
etal./2012

Bean
et al./2018

Li et al./2021

Karam
et al./2021

Orthopedics

Orthopedics /
Anesthesia

Orthopedics /
Neurosurgery

Orthopedics /
Neurosurgery

Anesthesia /
Clinic

Orthopedics

Orthopedics /

Anesthesia

Orthopedics /
Anesthesia

Not specified

Orthopedics

Orthopedics

Orthopedics

Case series
(n=157)

Non-systemat-
ic review

Case series

Systematic
review

Case series
(n=29)

Case series
(n=117)

Case series
(n= 155)

Case series
(n=154)

Technique
description

Case series
(n=61)

Case series
(n=216)

Non-systemat-
ic review

Yes

Yes

Not speci-
fied

Not speci-
fied

Yes

Yes

Yes

No

Partially

Partially

No

No

Partially

Partially

No

Partially

Partially

Partially

Yes, Post-Op
Pain knee arthro-

plasty

Partially

NSAIDs, ga-
bapentin, opioids,
acetaminophen

NSAIDs, acetamin-
ophen, gabapentin,
opioids, corticoste-
roids, and muscle
relaxants

NSAIDs, acetamin-
ophen, gabapentin,
opioids

NSAIDs, acetamin-
ophen, gabapentin,
opioids

NSAIDs, ac-
etaminophen,
gabapentin, opioids
and muscle relax-
ants, ketamine,
corticosteroids

NSAIDs, acetamin-
ophen, gabapentin,
opioids

NSAIDs, acetamin-

ophen, gabapentin,

opioids, and muscle
relaxants

Acetaminophen,
NSAIDs, opioids

Acetaminophen,
NSAIDs, opioids

Acetaminophen,
NSAIDs, opioids,
gabapentinoids,
antipsychotics

Acetaminophen,
NSAIDs, opioids,
gabapentinoids

Acetaminophen,
NSAIDs, opioids,
gabapentinoids,
corticosteroids

prospective; idiopathic
PIA; opioids with PCA;
Post-Op Pain drugs with-
out doses; drugs “accord-
ing to pain”; high MMA
without dose

Methodology not specified;
detailed pain pathophysiol-
ogy; Post-Op Pain day 1-2
only; no discharge MMA
protocol

Promoted MMA treatment

Promoted MMA treatment

Retrospective; Post-Op

Pain pectus; did not give

Post-Op Pain dose; dis-
charge MMA without dose

Retrospective; did not
give dosage; opioids with
PCA; no discharge MMA

protocol

Promoted ERAS in Post-
Op Pain and MMA

Shoulder arthroplasty,
MMA for Post-Op Pain
without doses/days, no

discharge MMA protocol

Knee arthroplasty; includes

pre-OP MMA, no post-OP

MMA doses/days, no dis-
charge MMA protocol

knee arthroplasty Post-Op
Pain; uses trade names of
drugs; MMA Post-Op Pain
protocol without clear dos-
age and without days

Post-Op Pain knee arthro-
plasty; uses trade names
of drugs; MMA Post-Op

Pain protocol without days/
dosage

MMA Post-Op Pain hip/
knee arthroplasty; no
regulated opioids, no dos-
age/days

MMA, multimodal analgesia; NSAIDs, non-steroidal anti-inflammatory drugs; ERAS, Enhanced Recovery After Surgery; BZD, benzodiazepines; PCA, patient-
controlled analgesia; EPI, epidural morphine; ITM; intrathecal morphine; PIA, posterior instrumented arthrodesis; n, number of patients.
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DISCUSSION

Spinal surgery is one of the procedures with the highest morbidity and mortality among surgeries performed in
the pediatric population.'-20:32:333742445 pogtoperative pain is frequently severe and requires advanced pharmaco-
logical management in the pre-, intra- and postoperative period through intrathecal, intravenous and oral admin-
istration and a combination of other methods. '->'*>-*% In regimens used as the main or only drug, systemic opioids
are associated with numerous adverse effects such as nausea, constipation, pruritus, urinary retention, sedation,
respiratory depression, deep vein thrombosis, pulmonary embolism, depression and insomnia, and greater prob-
abilities of developing chronic pain, prolonged hospitalization, hospital readmissions, possibility of addiction and
effects on the hypothalamus-pituitary axis,!-21:32.33.37:43-45

Within the other group of drugs commonly used in schemes for the management of perioperative pain, NSAIDs,
their gastrotoxicity, hepatotoxicity, neurotoxicity, cardiotoxicity, anaphylaxis and inhibition of platelet aggrega-
tion, among others, must be taken into account, '"1216-19222432-3840 The prevention and effective multimodal man-
agement of acute pain could improve clinical outcomes and the quality of life of the patient and their family,
avoiding complications and reducing family and health system costs.! 1%/

It is vitally important to contextualize, within the possibilities of each demographic region and availability of
the health group, the variables of each patient, such as weight, age, comorbidities and contraindications for the
appropriate use of opioids, NSAIDs and multiple other pharmacological options detailed in this work. Our objec-
tive was to propose a rational and balanced multimodal pharmacological scheme for pain, which implies lower
doses and a more reduced profile of expected adverse effects, in a context suitable for the patient, as a unique
individual, which is a difficult task.

In a prospective study whose objective was to evaluate the concerns in the perioperative period of both the
patients and their relatives, Chan et al. found that the greatest concern was postoperative pain, at 55%.** For their
part, Landaman et al. concluded that postoperative pain management success has been measured by radiographic
images, classifications, and magnitudes of correction; however, the system has consistently failed to report pre-
and postoperative pain.*

Members of the American Society of Anesthesiology (ASA) strongly recommend the evaluation of pediatric
patients who are about to undergo surgical procedures for timely perioperative management. Analgesic therapy
will depend on age, weight, comorbidities and contraindications, within an important multidisciplinary work.
postoperative pain management has to be aggressive and proactive in bringing to fruition a generally undertreated
problem."?

It is not possible to achieve optimal management of postoperative pain with a single drug or a single method
without significant adverse effects.!>3234373%43-45 Pjantoni et al. reported that 80% of the pediatric population
reported a poor experience in post-surgery pain management, and only half of these patients resolved their pain
satisfactorily in the following days.* Wong et al. found that 7-10% of adolescent patients reported back pain more
than 12 months after surgery.*

During pediatric spinal surgery, several anesthetic techniques involve high doses of opioids, but with short
durations of action, such as remifentanil, to facilitate neurophysiological monitoring.’! PCA, described in all
postoperative pain protocols in the international literature, has the loss of control during the night as its first
disadvantage; regardless of this, it is not available in all media. Other articles refer to the use of morphine EPI
in scoliosis surgery, the difficulty of which is placement and maintenance of the catheter in the epidural space.
The application of an MMA regimen in the pediatric population has been delayed due to the lack of literature
focused on this age group. The current concern about the adverse effects of drugs in children is, today, the basis
of countless investigations, and the published studies focus on finding ways to reduce opioid use and its adverse
effeCtS. 1-4,6,7.9,10,13-15,23-31,34,35,39,38,45,52

There are new trends to reinforce the idea of this modality, for example, the addition of NSAIDs and antineu-
ritics.!2022-4042-4347 Tt hag been shown that the administration of postoperative pain NSAIDs would reduce the
probability of prolonged use of opioids, their adverse effects and hospital stay.>!>¥7-3743-4> Muhly et al. recently
examined a way to rapidly recover and decrease postoperative pain after spinal instrumentation using preopera-
tive gabapentin and acetaminophen, and postoperative intravenous acetaminophen, opioid PCA, gabapentin, and
ketorolac.’!

Milbrant et al. reported that a simple I'T morphine infusion would produce fewer adverse effects compared to EPI
and PCA, which can range from pruritus or transient neurological changes to respiratory depression.' In a system-
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atic review, Zielinski et al . promoted the use of MMA in the pediatric population,?' like Hsu et al.” and Oliveira
et al.® Along the same lines, Sha et al.’ and Sheffer et al.'”referred to the need to promote an MMA scheme. PCA
involves, on the one hand, a problem of equipment availability, and, on the other, an organizational and patient
monitoring inconvenience. The epidural catheter, in addition to being expensive and technically complex, is not
the choice for surgery in our setting, because one of the primary objectives is the rapid mobilization of the patient,
and this would hinder said functional recovery.

Chou et al. concluded that the use of NSAIDs, acetaminophen and antidepressants is convenient.** In turn, Au-
brun et al. recommended the use of NSAIDs, ketamine, opioids, and gabapentin.® Yousefifard et al. recommended
the use of paracetamol, fentanyl and opioids, and did not advise the isolated use of opioids, both in the adult and
pediatric population.’

The use of muscle relaxants and benzodiazepines was widely developed as an important adjunctive tool within
MMA regimens in the works of Walker et al.,>Lee et al.,* Oliveira et al., ® Parrish et al., ** Frizzell et al., ** Hong
et al., ¥ Koes et al., ** Borgeat et al., '> Man et al., ¥ Yoo et al., > and Song et al., *’ among others. In turn, there is
an extensive description of the incorporation of glucocorticoids in MMA schemes, for example, in Cozowicz et
al.,> Chou et al., * Parrish et al., 3* Johnson et al., ' Koes et al., ** Borgeat et al., '> Man et al., ¥’ Ntalouka et al., **
Mathiensen et al., * Momon et al., * and Yoo et al., > among others.

Being aware of the bioethical difficulty of conducting research in the form of clinical trials with drugs and their
combinations in the pediatric population and considering the scant international literature on physiopathogenesis
and pharmacodynamics in this population, in this report we propose a basic perioperative pain management proto-
col— IV/PO, intra- and extra-hospital—to be applied in the pediatric population subjected to spinal surgery. This
protocol is supported by treatment guidelines such as Cochrane, ASA ”American Society of Anesthesiology” and
others, and published case series (see Table 1). This protocol includes drugs and devices available in our setting
(not PCA) and is described by agent, dose, route, and day.

The drugs and their doses were adjusted to the availability and regulations of the hospital handbook, after the
consensus of the Sociedad Argentina de Pediatria.™® During the postoperative period, pain assessment was per-
formed daily according to the Numerical Assessment Scale, with a diet rich in fiber and supervision by the pallia-
tive care team (referral). Hospital discharge: same pharmacological scheme for 7 days and outpatient control by the
palliative care team, taking into account that the aim is a short-term pharmacological intervention.

Special considerations with respect to the original pharmacological protocol

Regarding the adjustment of the morphine dose as rescue, this will be done as needed; which will be evaluated
with the FLACC pain scale, VAS/VNS, Wong & Baker, every 6 h. Depending on the value it returns, different
measures will be taken, namely:

a) 4-5 (moderate pain): administer rescue doses and reassess after 10 minutes, wait for a decrease or control of
pain.

b) 6-8 (intense pain): administer rescue doses and increase the infusion rate of the analgesic plan by 15%. Reas-
sess after 10 minutes, wait for a decrease or control of pain.

¢) 9-10 (maximum pain): administer rescue doses and increase analgesic plan by 30%. Reassess after 10 min-
utes, wait for a decrease or control of pain.

Balance dose/adverse effects at all times, check co-analgesics and adjuvants, rule out complications. Oral reas-
sessment could be considered every 60 minutes.

In the event of adverse effects:

-Nausea and vomiting: adjust ondansetron 0.1 mg/kg/dose IV up to 3 times/day, without exceeding 4 mg/dose. If
the episodes continue, add metoclopramide 0.15 mg/kg/dose IV infused over 20 minutes, every 8 h.

-Pruritus (more common in subcutaneous administration): naloxone 1 mcg/kg/ IV dose in 20 minutes, with the
possibility of repeating the infusion every 4 h.

-Urinary retention: if there is a bladder balloon, perform a bladder catheter, gradually evacuating its contents.
Naloxone 1 mcg/kg/ IV dose will then be administered over 20 minutes, with the possibility of repeating the infu-
sion every 4 hours (the same if there is urinary retention without a bladder balloon).

-Respiratory depression: assess the respiratory rate (RR) according to age (<1 year: 30 to 60 rpm, 1-4 years: 24-
40 rpm, 4-5 years: 22 to 34 rpm, 6-12 years: 18 to 30 rpm and 13-18 years: 12 to 16 rpm).
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Table 2. Perioperative pain management protocol in pediatric spine surgery

Preoperative period
Single dose gabapentin (10 mg/kg) PO
Single dose paracetamol (20 mg/kg) PO

Postoperative day 0 (POp-D0 - from the operating room)

Morphine 0.4 mg/kg/day IV (continuous infusion/CI)

Rescue with morphine 0.04 mg/kg/IV dose (administer max. every 4 h)
Paracetamol 12.5 mg/kg/dose IV every 6 h (CI)

Ibuprofen 5 mg/kg/ IV dose every 6 h (CI)

Ketamine (0.2 mg/kg/h) (CI)

Dexmedetomidine (0.3 mcg/kg/h) (CI)

Ondasentron 0.15 mg/kg/dose IV every 8 h IV (CI)

Omeprazole 1 mg/kg/dose IV every 24 h (CI)

Postoperative day 1 (POp-D1)

Morphine 0.3 mg/kg/day IV (continuous infusion)

Rescues with morphine 0.03 mg/kg/IV dose (administer max. every 4 h)
Paracetamol same dose/frequency PO

Ibuprofen same dose/frequency PO

Dexamethasone same dose/frequency PO

Ketamine (0.2 mg/kg/h) (CI)

Dexmedetomidine (0.3 mcg/kg/h) (CI)

Ondasentron same dose/frequency VO

Omeprazole same dose/frequency PO

Gabapentin 100 mg/dose PO every 8 h PO

PKT (physiokinesiotherapy) - exercises (GMFCSI-V); sitting and standing on the edge of the bed (GMFCS I-II-11I)-

Postoperative day 2 (POp-D2)

Morphine 0.6 mg/kg/day PO

Rescues with morphine 0.06 mg/kg/dose PO (administer max. every 4 h)
Paracetamol same dose/frequency PO

Ibuprofen same dose/frequency PO

Dexamethasone same dose/frequency PO

Ondasentron same dose/frequency PO

Omeprazole same dose/frequency PO

Gabapentin 300 mg/dose every 8 h PO

PKT - exercises (GMFCSI-V); free ambulation (GMFCS I-II-I1I)-

Postoperative day 3 (POp-D3) and subsequent days...

Tramadol 1.5 mg/kg/dose every 8 h PO

Rescues with morphine 0.05 mg/kg/dose PO (administer max. every 4 h)
Paracetamol same dose/frequency PO

Ibuprofen same dose/frequency PO

Ondasentron same dose/frequency VO

Omeprazole same dose/frequency PO

Gabapentin same dose/frequency PO

PKT (same)

Out-of-hospital protocol (see palliative/medication reduction plan)
Tramadol 1.5 mg/kg/dose every 8 h PO

Rescues with PO morphine (10% of the oral morphine dose)
Paracetamol same dose/frequency PO

Ibuprofen same dose/frequency PO

Ondasentron same dose/frequency PO (optional)

Omeprazole same dose/frequency PO

Gabapentin same dose/frequency PO

POp-DO0-1-2-3, postoperative day 0-1-2-3; IV, intravenous; PO, orally; GMFCS: gross motor function classification system; CI, continuous infusion.
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If there is a 30% decrease in the minimum value established according to age, the treating physician in charge
will be notified and the use of naloxone will be evaluated. If the patient is sedated and there is a RR <50% of ex-
pected, put on an oxygen mask, stop the opioid infusion, and administer naloxone 1 mcg/kg until the RR returns to
normal values for the age group. Due to its half-life, the glucocorticoid will be administered during the intraopera-
tive period, without repeating it regularly during the postoperative period. Bear in mind that its half-life is much
shorter than that of morphine, if it is used to reverse respiratory depression.

During the first 48 hours, pain will be managed with morphine associated with NSAIDs and adjuvants (ket-
amine/dexmedetomidine, see options), in continuous infusion according to the rules established in the treating
center. After this period, tramadol will be rotated for 24 to 48 h in continuous infusion. The intention of continuous
infusion is to avoid periods of low effective drug concentration, with subsequent onset of pain. Given the need
for rescue, this would be performed with IV morphine and after the IV catheter is removed, it is changed to PO.
In order to avoid the appearance of tolerance in patients in whom it is difficult to gradually decrease the dose of
morphine, it is recommended to associate methadone to the plan, although it is difficult to develop tolerance to the
opioid in 48/96 h.

Patients should be assessed daily for catharsis and fed high-fiber diets, with plenty of hydration, during the time
opioids are being administered. The goal is to reduce the appearance of constipation. If this appears, the recom-
mended laxatives are osmotic. The first choice of treatment in children of any age is polyethylene glycol 3350
due to its safety, effectiveness and tolerance. Its dose varies between 0.25 to 1.5 g/kg. In our country, peripheral
p-receptor inhibitors are not yet available.

With this report we begin the definition of a multidisciplinary protocol for pain management in pediatric spinal
surgery, which ranges from the preoperative period and covers the intra- and extra-hospital postoperative period.
Its purpose is to improve the quality of care and hospital stay, and reduce the appearance of adverse effects, for
which the multidisciplinary approach is essential.

As limitations, it should be noted that we limited the systematic review to the English and Spanish languages,
that we limited the search for articles to those published between 2000 and 2021, and that we found significant
heterogeneity in the materials and methods described in the papers.

CONCLUSION

This systematic review evidences, on the one hand, the profound problems regarding standardized postoperative
pain management, and, in turn, highlights the need to develop a detailed, simple and easily reproducible multimod-
al pharmacological protocol for the intra- and extra-hospital perioperative period of spinal surgery in the pediatric
population. We believe we have achieved it. New research will be required to optimize postoperative analgesia
protocols in this group of patients, due to their various pathologies.
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