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Introduction

* The need for pain management
in children is well accepted

* Children have frequently been
under treated

e Education and research have
lead to improved pain
management

e Slides:
http://med.stanford.edu/conten
t/dam/sm/pedsanesthesia/docu
ments/acute-pain-managment-
2019.pdf



http://med.stanford.edu/content/dam/sm/pedsanesthesia/documents/acute-pain-managment-2019.pdf
http://med.stanford.edu/content/dam/sm/pedsanesthesia/documents/acute-pain-managment-2019.pdf
http://med.stanford.edu/content/dam/sm/pedsanesthesia/documents/acute-pain-managment-2019.pdf
http://med.stanford.edu/content/dam/sm/pedsanesthesia/documents/acute-pain-managment-2019.pdf

Assessment

e Pain is difficult to assess due to:

* Age, developmental level,
maturity

* Fear, anxiety, depression
* Behavioral problems, learning
disabilities

e Multiple available pain scales
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Faces Legs Activity Cry Consolability

FLACC Scale’

. Occasional grimace Frequent to constant
No particular . y

| Fa B L oiiiaiion o amits or frown, withdrawn, frown, clenched jaw,
P ’ disinterested. quivering chin.

Normal position
or relaxed.

TR
Uneasy, restless, tense. icking, 0
legs drawn up.
Lying quietly,
normal position,
moves easily.

Squirming, shifting back Arched,
and forth, tense. rigid or jerking.

Crying steadily,
screams or sobs,
frequent complaints.

No crying Moans or whimpers;
(awake or asleep). occasional complaint.

Reassured by occasional Difficult to
Content, relaxed. touching, hugging or being console or comfort.
talked to, distractible.

REFERENCES:
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Management Principles

Preoperative

* Prepare child and family for surgery

* Discuss past pain experiences (child and parent’s)
* Present pain treatment options

* Discuss pain assessment tools



Management Principles

Postoperative

* Maximize efficacy of technique(s)
* Appropriate & frequent pain assessment

* Allow parents to help assess preverbal
children

*Combine techniques



Introduction

* Regional anesthesia in
children is practical, safe
and effective

* Children tend to have
easier anatomy




Introduction

* Most regional techniques are
placed in an anesthetized
patient

 Always consider risk/benefit
e Calculate toxic dose

 “"Perfect” block is not
mandatory

e Optimize use of other
medications




Neuraxial Blocks




Caudal Analgesia

* One shot or continuous catheters

* The sacrum is cartilaginous in infants and children, ossification
occurs between the ages of 20 and 30 years.

* Malformations of the sacrum occur in ~ 10% of the population.
* The sacral cornua marks lateral edges of the sacral hiatus

* Always above the gluteal crease



Caudal Anatomy




Caudal Analgesia

* Insert needle in sacral hiatus
at ~ 60° angle until LOR as
saccrococcygeal membrane is
pierced

* Drop needle until it is parallel
to back and advance a few
mm

* Aspirate and inject LA




Complications

Intraosseous,
intravenous or
subcutaneous injection

Coccygeal cornua




S2 Approach

e Alternative to caudal
approach

*52-S3 interspace is ~0.5-1
cm below the inter-iliac
line

* Epidural space is
identified by LOR

e Same drugs & doses as
for a caudal block




Suggested single Shot Dosing for Caudals™

Armitage mi/kg Approx level
0.5 sacrolumbar
0.75 Lumbar-mid thoracic
1 mid —high thoracic
1.25 high thoracic
Takasaki 0.06ml/seg/kg

Toxic dose for B and LB: 1.5 mg/kg for neonates
2.5 mg/kg for children

2-3 mg/kg for R

*Rarely need to administer more than 15-20 mls



Test Dosing

* Although not 100% accurate
 Epinephrine 0.5 ug/kg should be used

e ST-T wave A’s, HR T by 10bpm, or increased BP are predicative of
intravascular injections

* [soproterenol and lower doses of epi do not seem to be effective

 ? If U/S decreases intravascular injection




Table 1. Summary of Studies of a Simulated Test Dose (IV Administration) in Pediatric-Aged Patients

Reference

Anesthetic

Test drug (ng/kg)

Criteria evaluated

Findings

Desparmet et al. (7)

Perillo et al. (11)
Kozek-Langenecker

et al. (12)

Tanaka and Nishikawa
(14)

Sethna et al. (15)

Kozek-Langenecker
et al. (16)

Tanaka and Nishikawa
(22)

Kozek-Langenecker
et al. (23)

Tanaka et al. (25)

Tanaka and Nishikawa
(26)

1 MAC halothane

50% nitrous oxide/oxygen
Atropine—randomized

1.2 MAC halothane

50% nitrous oxide/oxygen
No atropine

Anesthetized & awake state;
1.2 MAC halothane

70% nitrous oxide/oxygen

No atropine

1 MAC sevoflurane

60% nitrous oxide/oxygen

Atropine—randomized

1 MAC isoflurane
100% oxygen
Atropine

1 MAC sevoflurane or halothane
70% nitrous oxide/oxygen
No atropine

1 MAC sevoflurane
67% nitrous oxide/oxygen
Atropine

1 MAC sevoflurane or halothane
70% nitrous oxide/oxygen
No atropine

1 MAC sevoflurane
67% nitrous oxide/oxygen
Atropine

1 MAC sevoflurane
67% nitrous oxide/oxygen
Atropine

Epinephrine 0.5 in
lidocaine 1 mg/kg

Isoproterenol 0.05,
0.075 in 0.5 mg/kg
lidocaine

Isoproterenol 0.05,
0.075 or 0.1 in
0.25 mg/kg
bupivacaine

Epinephrine 0.5 in
1 mg/kg lidocaine

Epinephrine 0.5, 0.75
in 1 mg/kg
lidocaine

Incremental doses of
isoproterenol in
saline

Epinephrine 0.5 in
1 mg/kg lidocaine

Epinephrine 0.5 in
saline

Epinephrine 0.5 in
bupivacaine
0.25 mg/kg or L. In
lidocaine 1 mg/kg

Epinephrine 0.125,
0.25, 0.5 in 0.25, 0.5,
and 1 mg/kg
lidocaine

HR, % change in
SBP

HR =10 bpm

HR =20 bpm

HR =10 bpm
SBP =15 mm Hg

HR =10 bpm
SBP =15 mm Hg

HR =20 bpm

HR =10 bpm
SBP =15 mm Hg
T wave =25%

HR =10 bpm
SBP =15 mm Hg
T wave =25%

HR =10 bpm
T wave =25%

HR =10 bpm
SBP =15 mm Hg
T wave =25%

Positive HR response:
=10 bpm. Atropine
increases HR sensitivity.

Higher dose more sensitive;
17 /21 with 0.05 pg/kg
versus 22/23 with 0.075
mg/kg 1.

All 3 doses of L. effective in
awake state. Higher dose
more sensitive during
anesthesia.

HR: 100% sensitive (15/15)
with and without
atropine. SBP—100%
sensitive with atropine
and 10/15 without
atropine.

HR: 19/21 with 0.5 pug/kg
and 21/21 with 0.75 pg/
kg. SBP: 17/21 with 0.5
pg/kg and 19/21 with
0.75 pg/kg.

Higher dose of
isoproterenol (55 vs 32
ng/kg) needed with
sevoflurane than with
halothane.

Positive response in 16/16,
13/16, 16/16 with HR,
SBP, T-wave respectively.
Increase in T-wave
amplitude occurred
earliest.

T-wave more sensitive than
HR or SBP. T wave, SBP
more sensitive with
sevoflurane than with
halothane.

HR and T-wave 100%
sensitive with
epinephrine. HR 100%
sensitive with I. No
change in T-wave noted
with 1.

0.125 pg/kg not sensitive.
0.25, 0.5-100% sensitive
for T-wave criteria. 0.5~
100% for HR criteria.

IV = intravenous; I = isoproterenol; HR = heart rate; SBP = systolic blood pressure.



Lumbar and Thoracic Epidurals

* ANATOMY

* Dural sac extends to S, in the
neonate

* Spinal cord ends at L,

* Adult levels of S; & L, are reached
by age 1 yr.

* Epidural contents are less dense

* Local anesthesia can spread easily




Lumbar and Thoracic Epidurals

* TECHNIQUE AND
EQUIPMENT

e Same as adults

* Shorter, smaller needles
and catheters are available

* Bromage grip
e Usually anesthetized child




Lumbar and Thoracic Epidurals

°0.5-1cm neonates and infants

°*l1-2cm 1 -5 yr
*2-3cm 5 -10yr.
*3-5cm 10 - 16 yr.

Distance (mm) = (age (yrs) x 2) + 10
Distance (mm) = (weight x 0.8)



Lumbar and Thoracic Epidurals

* Toxic Dose of Bupivacaine
*0.5 mg/kg/hr in children
*0.2- 0.25 mg/kg/hr in neonates
*Ropivacaine is similar-
*0.6mg/kg/hr in children
*0.3 mg/kg/hr in neoantes

*This represents maximum dosing, NOT
necessarily starting doses

*Children often do better with more volume



Lumbar and Thoracic Epidurals: Recommended
Maximum or toxic dose

Agents Single Shot Bolus
Bupivacaine 2-2.5 mg/kg
Ropivacaine 3 mg/kg

Fentanyl 1-2 ug/kg
Morphine 20-50 ug/kg
Hydromorphone 10 ug/kg

| usually start with:

0.2-0.3ml/kg for a lumbar epidural bolus dosing, based on IBW and
0.15-0.2 ml/kg for thoracic epidural dosing




Recommended starting doses for continuous or
intermittent bolus dosing for epidural catheters

Agents Conc Infusion or
Intermittent
Epidural Bolus
Bupivacaine [0.08-0.125% [0.15-0.4 cc/kg/hr
Ropivacaine |0.08-0.2% 0.15-0.3 cc/kg/hr
Fentanyl 2-5 ug/cc 0.5-1 ug/kg/hr
Morphine 50-100 ug/cc |2-10 ug/kg/hr
Hydromorph |3-5ug/cc 1-3 ug/kg/hr




What's in a Stereo-isomer?

* Ropivacaine (R) and levobupivacaine (LB) were
introduced to v cardiotoxicity

*R is less potent and the least toxic, it may have less
motor block

* LB seems to have equipotent to B but is less toxic (
it is not available in the USA)

e Ease of resuscitation after overdose: R > LB > B
*R and LB < arrythmogenic than B



A Pinch Of This .......

* Fentanyl

* Safe, effective and popular in combination with
local anesthetic in continuous epidural infusions

* Most studies find no benefit to adding fentanyl to
a one shot caudal for post-operative analgesia

e Increased side effects



A Pinch of This.......

e Clonidine

* Most studies show a prolongation of analgesia and
increased sedation

* Hypotension and bradycardia do not seem to occur as
much in children

* De Mey found no effect from either clonidine or
sufentanil

e Single shot 1-2 ug/kg
 Continuous/IEB 0.1ug-1ug/cc solution. Most of us at
LPCH use 0.1 or 0.2 ug/ml

De Mey JC et.al Eur J

Anaesth 17: 379-82, 2000




A Pinch of This......

* De Negri and colleagues found the addition of
ketamine 0.5mg/kg to be as effective as 2ug/kg
clonidine when added to a 1 shot caudal

* Marhofer found ketamine 1mg/kg to provide
equivalent analgesia to 0.25% bupivacaine

Not approved in
us

DeNegri et.al Paed Anaesth 11: 679-83,2001

Marhofer P et.al. Br J Anaesth 84: 341-5, 2000




Threading catheters

* In infants catheters can be * Position should always be
threaded from the caudal confirmed epidurogram is the
space gold standard , but increasingly

U/S is being used

* Houck found 32% malposition
» 10/28--too high
* The usual complications can « 17/28 coiled in lumbosacral

still occur area
1 outside of epidural space

* Coiling is more common with
increasing age

Houck: Peds Anesth 2002



Epidurograms

Too Low Just Right



* Too High Just right




Opioids

* The mainstay of pain medications
* A variety of routes are available—IM is avoided

* Intravenous opioids are used in doses similar to
adults

* Intermittent administration is easy and allows for
frequent dose and/or interval changes

* Meperidine is associated with T neurologic
symptoms




Opioid Analgesia

Constant Infusion

* Neonates, infants, developmentally delayed children
* Avoids peaks and troughs
 Useful for post-operative pain

* Morphine, hydromorphone or fentanyl are most commonly
used



Opioid Analgesia

Patient Controlled Analgesia (PCA)

* Pts ~ 5 yr. and developmentally appropriate

e Parent and nurse controlled analgesia may be appropriate in selected
cases

* With or without basal infusion ?
* Hydromorphone, morphine or fentanyl most commonly used
* May use Parent/Provider Controlled analgesia in selected patients




Patient Controlled Analgesia

Basal infusion

* Better pain control, improved sleep patterns for first
24 hr.

* Increased total narcotic usage
*increased reported side effects




Continuous Basal Infusion- Pro

* Berde CB J Peds 1991; 118:460
- Orthopedic surger\{]
- 3 groups: IM morphine, PCA bolus only, PCA bolus + CBI - Similar morphine use, side
effects in all groups
- Lowest pain scores in CBI group

» Skues MA Ped Anesth 1993; 3:223
- Abdominal surgery
- Similar morphine use in Bolus only and Bolus +CBI - Improved sleep in CBI group

* Yildiz K. Ped Anesth 2003; 13:427
- Appendectomy
- Higher Demerol consumption in PCA bolus only group
- Trend toward improved pain scores in Bolus + CBI group - Similar side effects in both
groups

* Doyle E. BJA 1993; 71:818
- Appendectomy
- 3 groups: Bolus only, Bolus + 4 mcg/kg/hr, Bolus + 10 mcg/kg/hr - Similar pain scores in all
groups
- Improved sleep in both CBI groups _ _
-4 mcg/kg/hr : least number of h(ﬁ.oxemlc episodes (Sp02 < 94%) - 10 mcg/kg/hr :
greatest morphine use, PONV and hypoxemia



Continuos Basal Infusion- Com

* Doyle E. BJA 1993; 71: 670
* - Appendectomy
* - Bolus vs. Bolus + 20 mcg/kg/hr CBI

- CBI group — Increased morphine use, sedation, PONV, hypoxemic
episodes, better sleep

* McNeely J. ] Pain Symptom Manage 1997; 13: 268
* - Lower extremity surgery
* - Bolus vs. Bolus + Nighttime CBI

* - Increased morphine use and hypoxemic episodes ( SpO2 < 90%) in
CBI group



PCA- Opioid Dosing

Bolus | Lockout CBI P [
Drug Dose | Interval '

(ugkg)|  (min) | (HO/kg/oun) | (ug/kg)
Morphine 10-20 8-15 0-20 250-400
Hydromorphone 2-4 8-15 0-4 50-80
Fentanyl 0.5 5-10 0-0.5 7-10

Initial dosing recommendations in opioid-naive children

Reproduced from Malviya S, Polaner DM, Berde CB. AcutePain in Cote CJ, Lerman J, Anderson B eds
A Practice of Anesthesia for Infants and Children. Elsevier Inc 2013 pp 928-933




Opioids

* Intranasal (IN) fentanyl
2ug/kg improves emergence
in children undergoing T&T

* ED now using IN sufentanil
?dose (0.7-2 ug/kg)

*IN butorphanol 25ug/kg

*IN remifentanil 2-4 ug/kg for
intubation




Oral Opioids

e Codeine 1mg/kg q 3-4 hrs FDA FDA Black
warning Box Warning

* Hydrocodone 0.1-0.2 mg/kg q 3-4 afno(; ggﬁ;réed
hrs FDA warning

* Oxycodone 0.1-0.15 mg/kg q 3-4
hrs

e Most preparations come in an
elixir as well as tablets, +/-
acetaminophen




Non-Opioid Analgesics

* Ibuprofen-5-10mg/kg po every 6-8 hours
 Ketorolac 0.5mg/kg IV every 8 hours up to 30mg

* Acetaminophen
* Rectal 40mg/kg then 20mg/kg every 6 hrs
* Oral 10-15mg/kg every 6 hours
* |V 10-15 mg g 6 hours



How much opioid?

» 87% of pediatric patients received a prescription

* 60% used.

* Most families had NOT been counselled on safe disposal.

* Only 5% of families disposed of unused medications properly,
* 50% of families had teenagers in the house.

» After two weeks, families had on average 36 tablets (range 0-95) or 67
ml (range 0-567 ml) of prescription opioids left over.



How much opioid?

* Another study in children receiving morphine after surgery in
Montreal noted that 1431 doses were ordered, and only 131 doses
(9.2%) were administered

* Most were counselled, ~60% returned unused medication, ~25%
disposed properly
* However, majority kept the medications out in the open



Figure 1

Doses

250 =

200 -

150 +

100 +

50 +

Doses Dispensed and Consumed

——e eeoe

[E=2) Doses Dispensed
[ Doses Consumed

LI 8L & 4i i

® = *

PSF

Pectus Ortho** Card Neuro

Surgical Service

L
Gen*

GU Plastic

@. Wolters Kluwer

Health

OvidSP

Opioid Prescribing for
the Treatment of Acute
Pain in Children on
Hospital Discharge.

Figure 1. Doses
dispensed and consumed
by surgical specialty..
*General pediatric
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Figure 2

Number of Patients

I Orthopedic Surgery
B General Surgery
B Cardiac Surgery
I Neurosurgery
[ Urologic Surgery
I Plastic Surgery
[ Other Surgery

Bl Medical

0 Days

1-3 Days 4-6 Days 7-9 Days
Days Opioid Taken

>10 Days

Opioid Prescribing
for the Treatment of
Acute Pain in
Children on Hospital
Discharge.

Monitto, Constance
et. al Anesthesia &

A 1

Figure 2 . Duration of
opioid use by specialty.
Duration of opioid
therapy reported by
families after hospital
discharge. Data are
stratified by primary
service.



Opioid Prescribing A&A Dec 2017

Calculating the cumulative amount of leftover
opioid among

* 235 respondents:

* 3110 oxycodone tabs

7264 ml oxy elixir
Morphine, hydromorphone etc
45,573 morphine mg equivalents
19% advised on disposal
* 4% disposed leftover opioids




Opioid Prescribing A&A 2017

* Girls use 7.5 X more opioids

e Ortho and Nuss bar highest
opioid use post surgery

* Patient with pain scores >5




Scope of the problem . g

* Opioid '

prescriptions are e s |
still high S

* Rate is decreasing

1 — il
l?

* Overdose and
death continues to
increase




Who gets addicted?

/'XRJ}L; Factors for Prescription Opioid Pain Reliever Abuse and Overdose
-

o

providers and pharmacles. & oploid pain rellevers,

Having mental lliness or a Living in rural areas and
history of alcohol or other having low Income.
substance abuse.

Obtaining overlapping === Taking high dally
prescriptions from multiple dosages of prescription

* Anyone can get addicted
* Post surgery 0.9 -12% will

become chronic opioid users

* H/o psychiatric disease,

including ADHD, depression,
anxiety

* Lives in rural area

e Low income



What can we do?

Educate EVERYONE-physicians,
patients, dentists, nurses, physician
assistants

Research-how much pain? For how
long? What else can be used?

Mental Health resources
Recognize early-treat quickly

Limit supply—but what about street
drugs?

Prescription Drug Monitoring
Programs

avs Setting Limits on Certain Opioid Prescriptions
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Created posters for

Practitioners Medicine
and Teens w

A AP News

October 20,2017

Poster created to promote safe storage, disposal of
Rx

Lucien Gonzalez, M.D, M.S, FAAP, Rita Agarwal, M.D,, FAAP and Constance S. Houck, M.D,,
M.PH., FAAP

Safe storage and disposal of controlled prescription drugs may save a young person’s life.
It's that simple.
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Conclusions

* Need more resources for:
* Mental health
* Behavioral treatment
 Alternative medications
e Multimodal with non-addictive meds
* Acknowledgement that addiction is a disease
* Research-treatment, medications, approaches, techniques
* Education



DO not Need

* MORE ONE SIZE FITS ALL LAWS
* Lawmakers practicing medicine and limiting access to medications

* Insurance companies making poorly thought out rules



Concluding Remarks

* Children are also very
responsive to distraction

* Parents can be invaluable

e Assessment is difficult so it is
more humane to assume
pain

* Treatment and side effects
similar to adults




Conclusion

* Peripheral nerve blocks
and one shot caudal
blocks are fast and
simple

* They provide effective
pain relief with minimal
side effects

* Always calculate toxic LA
dose







