
Regional Anesthesia in Children

Santhanam Suresh, MD FAAP
Anesthesiologist-in-Chief

Ann & Robert H. Lurie Children’s Hospital of Chicago
Professor of Anesthesiology & Pediatrics

Northwestern University’s Feinberg School of Medicine
Chicago, IL

ssuresh@luriechildrens.org

1

  



Disclosures

BK Medical, Pajunk:  Equipment support
FAER Grant: Research in Education

OKO (AAOS) Editorial Board

2





Overview

! Head and Neck blocks
! Ultrasound technology
! Equipment
! Nerve Block Techniques
! Education in regional anesthesia
! Future directions
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Sensitization

Gottschalk A, Smith DS. Am Fam Physician. 2001;1979-1984.
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Adapted from Siddal, Cousins. In: Cousins, Bridenbaugh, eds. Neural Blockade. 1998:675-699.

Peripheral Sensitization

Tissue damage Inflammation Sympathetic
terminals

Decreased threshold of nociceptors
Ectopic discharges
Abnormal accumulation of Na+ channels 

SENSITIZING “SOUP”

Hydrogen ions Histamine Purines Leukotrienes
Noradrenaline Potassium ions Cytokines Nerve growth factor
Bradykinin Prostaglandins 5-HT Neuropeptides
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Adapted from Ollat H, Cesaro C. Clin Neuropharmacol. 1995;18:391-404.
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CHILDREN ARE NOT JUST 
SMALL ADULTS

                                                                               Farrar, Lerman; Anesth Clin of N Amer; 1; 2002
                                                                               Brislin et al; Anesth Clin of N Amer; 23; 2005
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THE IMPACT OF POORLY CONTROLLED PAIN

Poorly controlled pain!
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Multisystem involvement 

System failure 

Neuroendocrine response 

Endocrine 
Immunologic 
Inflammatory 

Catabolic 

Catabolism 
Arrhythmogenesis 
Hypercoagulability 
Immunosuppression 

Emotional stability 

Sleeplessness 
Helplessness 

Impaired rehab 
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Do Neonates Feel Pain?

• Randomized 
controlled trial

• IV Fentanyl vs 
Pavulon/Oxygen

• Neuro-endocrine 
responses

Anand et al, NEJM, 1987



Pain Associated with Immunizations:  
Do Infants Remember?

• Randomized trial
• 3 groups of infants 

receiving 
immunizations with 
different pain 
backgrounds

• Infants who had 
received a circumcision 
with no pain meds had 
severe crying spells

Anna Taddio et al, JAMA, 1998



Local Anesthetic Solution Toxicity:  
Can This be Avoided?

! Use low and incremental doses
! Avoid large doses for central neuraxial 

infusions
! Have lipid emulsion available 

immediately
! 1.5mL/kg bolus followed by an infusion



www.lipidrescue.org
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Single dose 3 mL/kg of
 lipid emulsion

Copyright restrictions apply



Sedated & General Anesthesia:  Should 
we avoid regional anesthesia?

Copyright restrictions apply



The benefit of ensuring a cooperative and immobile infant or child
may outweigh the risk of performing neuraxial regional anesthesia
In pediatric patients undergoing general anesthesia or heavy 
sedation the overall risk of neuraxial anesthesia should be weighed 
against its expected benefit (Class II)

Bernards, Hadzic, Suresh, Neal, RAPM, 2008

Interscalene blocks should not be performed in anesthetized or heavily
sedated adult or pediatric patient (Class-1)

Recommendations may change with changing technology

Copyright restrictions apply



Pediatric Regional Anesthesia 
Network

! Consortium of pediatric hospitals.
! Prospective data collection.
! Large amounts of data on utilization of 

blocks, complications etc.

19
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Nerve Localization

• Nerve stimulation?
• US guidance
• Combination
• Safety?



Copyright restrictions apply.
BJA Vol 94, Jan 2005



Pharmacodynamics:
Can we reduce the 
dose of local 
anesthetic solution 
using 
Ultrasonography?



Copyright restrictions apply.

0.075 mL/kg; 10 kg child = 0.75 mL



Regional Anesthesia For 
Postoperative Pain Management

! Central neuraxial
! Head & Neck Blocks
! Upper extremity
! Lower extremity
! Truncal

27



Head & Neck Blocks







Posterior Fossa Craniotomies
! Occipital nerve block
! Midline, medial to the pulsation of 

the occipital artery
! Can be used for occipital 

craniotomies as well for posterior 
VP shunt revisions



Dose:  1 to 2 mL 0.25% bupivacaine with 1:200,000 epi



Otolaryngology
! Endoscopic sinus surgery
! Tympanomastoid surgery
! Tympanoplasty
! Tonsillectomy
! Rhinoplasty



Tympanostomy
! Auricular branch of the Vagus 

nerve (N of Arnold)
! Provides analgesia for the external 

ear canal
! Easy to perform 
! No side effects



Dose: 0.2mL 0.25% bupivacaine with 1:200,000 epi



Anesthesiology 2006



Endoscopic Sinus Surgery
! Maxillary branch of the trigeminal 

nerve
! Supplies the upper lip, choana as 

well as the maxillary sinus
! Excellent pain relief
! Less additional analgesics and 

hence reduces morbidity





Postoperative Analgesia for FESS
! Analgesia between 

groups was equivalent 
(p=ns)

! PONV was increased in 
the IV-MS group (80%) 
vs the Block group (0%) 
( Fisher exact p=0.015)

0

20

40

60

80

Analgesia

IV-MS
Block

Suresh,S et al Anesthesiology 2002; 96: A1292



Dose 1 to 2 mL 0.25% bupivacaine with epi



Tympanomastoid Surgery
! Superficial Cervical Plexus (C3)
! Posterior border of the 

sternocleidomastoid at the level of 
the cricoid (C6)

! Superficial injection
! Decreased postoperative morbidity



Pain Scores were the 
same between the 2 

groups



Cervical Plexus

Transverse Cervical Nerve

Supraclavicular Nerve

Great Auricular Nerve

Lesser Occipital Nerve

Nathan



Dose:  2 mL 0.25% bupivacaine with epi



Plastic Surgery
! Otoplasty

! Great auricular nerve block
! Rhinoplasty

! Infraorbital blocks
! Nevus removal
! Palate surgery

! Greater palatine block
! Hand surgery

! Median, radial and ulnar nerve block



Cleft Lips
! Infraorbital branch of the maxillary 

division of the trigeminal nerve
! Sucking ability is increased
! Decreases need for analgesics in 

the intra-operative period
! Excellent discharge criteria



No difference in Pain Scores 
between block and fentanyl group





Cleft Palate Surgery
! Greater palatine 

nerve
! 0.5mL bupivacaine
! No need for 

postoperative 
analgesics



US Guidance for Regional 
Anesthesia
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Knobology of your Ultrasound 
Machine

! Gain
! Near Gain
! Far Gain

! Depth
! Frequency of the probe

! Higher frequency eg.13 mHz: Superficial 
scan

! Lower frequency eg. 5 mHz:  Deeper scan
! Data Entry
! Recording information/billing issues

51

Linear Curvilinear



Imaging & Preparation of the Probe
! Preparation of the probe
! Sterility of the probe
! In-plane vs. Out of plane
! Scanning to recognize needle trajectory.
! Tilting the probe.
! Hydro-dissection.
! Tissue dissection.
! Echogenic needles.

52



Probe preparation
! Single shot blocks:  Tegaderm/Opsite

! Catheters:  Sterile sheath for all 
catheter placement with gown & glove

! Use Surgilube or K-Y jelly in individual 
packs in sterile pouches for gel, water 
can be used for spine imaging with 
good success

53



54

Tegaderm for Probe
Surgilube for gel

Chlorhexidine for Prep



In-plane vs. Out of Plane

55

Tsui BC, Suresh S, Anesthesiology 2010,112; 473-92



US Imaging=Pattern recognition
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Slide the probe along the axis of the needle like a copying 
machine

ART of 
USGRA

A: Alignment
R: Rotation

T: Tilting



Tilting the probe to get a better view

58

Tilting the probe



The ASRA Evidenced-based 
Medicine Assessment of Ultrasound-
Guided Regional Anesthesia & Pain 

Medicine

Neal J, Brull R, Chan VW,et al
Regional Anesthesia & Pain 

Medicine, Volume 35, Number 2, 
Supplement 1, March -April 2010

59



Concluding Comments

! USGRA were superior to other 
conventional methods

! Statistical differences demonstrate 
that USGRA is superior in terms of
! reduced onset time
! improved intermediate measures 

of success.

60RAPM Vol.35(2) Supplement 1, March-April 2010



Pediatric Blocks for everyone!

! Caudal blocks
! Brachial Plexus: Supraclavicular
! Femoral nerve block
! Sciatic Nerve block
! TAP block
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Central Neuraxial Blocks
! Spinal

! Epidural
! Caudal
! Lumbar epidural
! Thoracic epidural
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Anesthesiology 2010; 112: 719-28



Caudal : Why US Guidance?

! Most common regional technique 
used in children.

! Sacral dimple? tethered cord
! Accurate spread of local anesthetic 

solution.
!  Determine the spread cranially.
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Caudal Space: Transverse Scan

66Tsui BC, Suresh S, Anesthesiology; 112: 473-92, Feb 2010
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SP
SP

Sacrum

Dura

Caudal Block: Injection
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Paramedian Scan
Epidural Space

Use saline for 
loss of 
resistance



Upper Extremity Blocks



ROOTS – C-5 
through T1

TRUNKS – 
Superior, 
Middle & 
Inferior

DIVISIONS – 3 
anterior & 3 
posterior

CORDS
   Lateral
Posterior
   Medial

TERMINAL BRANCHES

Axillary Nerve

Musculocutaneous Nerve

Median Nerve Radial Nerve

Ulnar Nerve

Interscalene

Supraclavicular

Infraclavicular

Copyright restrictions apply
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Interscalene
! Use with caution
! Useful for catheters
! Shoulder surgery

AS
MS

SCM

Tsui BC, Suresh S, Anesthesiology 2010,112; 473-92



Supraclavicular block
! Useful for fracture reductions
! Performed in the emergency room with mild sedation
! Fast-tracking of patients postoperatively
! Easy to perform even in obese individuals



Eight Ball, Corner Pocket:  The 
Optimal Needle Position for 

Ultrasound Guided Supraclavicular 
Block

Soares LG, Brull R, Lai J, Chan VW
Toronto Western Hospital

Regional Anesthesia & Pain Medicine
Volume32, Issue 1, January 2007, Pages 94-95
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Corner Pocket



Pleura

SCA
Rib



Seashore sign
Comet Sign

Sliding Sign
Comet Sign

Seashore Sign



Performing Neural Checks for 
Pediatric Fractures After Surgery in 

the PACU (Post anesthesia 
! ? Neural exam after fracture reduction.
! ? Vascular insufficiencies.
! ? Potential damage to the nerve when 

examined under anesthesia.
! Need to check Radial, Median and 

Ulnar nerve.

80

Pediatric Anesthesia 2009; Dec; 19(12) 1238-40
Suresh S, Sarwark J, Bhalla T, Janicki J
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Radial Nerve: Thumbs up
Median Nerve: Thumb flexion
Ulnar nerve:  Scissoring of the 
fingers

J-tip: Needleless lidocaine for skin analgesia



Infraclavicular approach
! Classic approach
! Paracorocoid approach



Infraclavicular

TALC
MC

P Major

P Minor

Tsui BC, Suresh S, Anesthesiology 2010,112; 473-92



Axillary Block
! Trans-arterial approach
! Nerve stimulation
! US Guided



Brachial Plexus in the Axilla
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Triceps

TricepsCoracobrachialis

M

R

UA
V





US Guided Lower extremity blocks

! Femoral nerve
! Lateral femoral cutaneous 
! Saphenous nerve
! Sciatic nerve

! Subgluteal
! Midgluteal
! Popliteal fossa
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Femoral Nerve Block
! Most common pediatric nerve 

block
! Used for femoral fractures, hip 

pinning and for pin removal
! ? Use of nerve stimulator for the 

block
! Motor nerve, long duration of block



In-Plane

Out of -Plane

N A V

Iliacus



0.2mL/kg local 
anesthesia

V
A

Iliacus Muscle



Peripheral Nerve Catheters
! ACL repair

! Femoral Nerve catheter with single shot 
sciatic nerve block

! Osteotomies
! Femoral nerve catheter
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Steady State pharmacokinetics (pK) of 
Bupivacaine following Continuous Femoral 
Nerve Catheter placement in Children and 

Adolescents undergoing ACL repair: A Simple 
‘finger stick’ technique!

Angela Cambic, MD1, Jeffrey Galinkin, MD, FAAP,2 
Santhanam Suresh, MD, FAAP1

1 Children’s Memorial Hospital, Chicago, IL  2 Children’s Hospital Colorado, Aurora, CO

Background, methods, results and conclusions



Background

!Children and adolescents account for 0.5-3% of 
all ACL injuries1

!Regional anesthesia has increased over the years, 
both in adults as well as in children

!Several studies involving the pharmacokinetics of 
bupivacaine have been performed but none in the 
pediatric population involving femoral nerve 
catheters

      1 McConkey, et al. Curr Rev Musculoskelet Med 2011

Curr Rev Musculoskelet Med. 2011 Jun;4(2):37-44.
Pediatric anterior cruciate ligament reconstruction.
McConkey MO, Bonasia DE, Amendola A.



Methods
IRB approval, parental consent and 
adolescent assent
• US Guided Single Femoral and Popliteal 
Nerve Blocks

Whole Blood Samples at various intervals
• While in house: baseline, 5, 15, 30, 60, 
120, 240min
• At home, 24h and 48h with spot check 

Analysis via LC-MS/MS System
• Mixed Reaction Mode

After IRB approval, as well as parental permission and adolescent assent, were obtained, 5 adolescents undergoing ACL 
reconstructive surgery were enrolled in the study. After induction of general anesthesia, femoral and popliteal nerve blocks 
under ultrasound guidance, using bupivacaine 0.25% before the commencement of surgery were placed by one of the 
authors (AC, SS, YA). The dose of bupivacaine administered was based on the weight of the patient and approximately 0.3 
mL/kg not to exceed 20 mL for each individual injection, followed by a femoral nerve catheter with continuous infusion of 
4 mL/hr of 0.1% bupivacaine that was initiated in the post anesthesia care unit (PACU).. Whole blood samples were 
collected on a piece of Whatman Protein Saver 903 filter paper from a peripheral venous line at baseline, 5, 15, 30, 60, 
120, 240 minutes by one of the authors (AC, YA, ML) and at home by the patient with simple finger stick at 24 hours and 
48 hours. Subjects were considered evaluable if they had a total of 5 samples collected. The extract from the dried blood 
samples (DBS) collected on the Whatman Protein Saver 903 filter paper were analysed using a LC-MS/MS system in 
combination with online extraction at a lab based in Denver Children’s Hospital under the supervision of one of the 
authors (JG). The analyte was detected using the mixed reaction mode (MRM).



Results

Mean Max 
Conc (ng/mL)

Mean SS
Conc (ng/mL)

180

104

135
123

17.3

80.5

Toxic 
Threshold 
2100ng/mL



Conclusions

•This is the first study assaying steady state pharmacokinetics for 
continuous femoral nerve catheters in the pediatric population

•The FNCs provided excellent analgesia with a continuous infusion 
of Bupivacaine 0.1%

•The steady state  levels of bupivacaine (80.5ng/ml) were found to 
be well below toxic levels (2100ng/ml)

•Continuous bupivacaine infusion using femoral nerve catheters can 
be used safely in children in an outpatient setting 

This is, to our knowledge, the first report looking at the steady state pK of bupivacaine in children and adolescents, with 
continuous femoral nerve catheters. It is important that the bupivacaine levels be below toxic levels particularly when used in the 
catheters as these patients are using them at home, away from direct medical supervision.  A novel method using a simple finger 
stick technique at home was utilized in this cohort.



Knee Arthroscopy
! Femoral Nerve block
! Injection into the joint with 

bupivacaine+morphine
! Blockade of the infrapatellar 

branch of the saphenous nerve
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Total volume of local anesthetic solution: 2 to 3 mL

Sartorius



Lateral Femoral Cutaneous 
Nerve Block

! Graft for sling procedures of the eye.
! SCFE pinning.
! Pin and plate removal.
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Sartorius

Tensor Fascia Lata

Fascia Lata

Sartorius
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US Image: Lateral Femoral Cutaneous Nerve
Fascia Lata

Sartorius
Fascia Iliaca



Sciatic Nerve Block
! Useful for procedures that involve 

foot and ankle surgery
! A lateral approach is easy and fast 

and can be used for procedures on 
the hip

! Useful for fascia lata grafts 
harvesting



Courtesy
Tony Nader Copyright restrictions apply

Suresh, Simion, Myers



Ultrasonographic Guidance for 
Sciatic and Femoral Nerve 

Blocks in Children

Oberndofer U, Marhofer P, 
Bosenberg A, Willschke H et al
Br J Anaesth 2007; 98:797-801
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0.2mL/kg local anesthetic solution

MedLat
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Medial

Text

Lateral
V

A

T CP
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Home Discharge with disposable infusion 

pumps
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Subgluteal Sciatic nerve block

Gluteus
Maximus

Tsui BC, Suresh S, Anesthesiology 2010,112; 473-92



Truncal Blocks

Ilioinguinal/iliohypogastric
Rectus sheath

Transversus abdominis plane  
(TAP) block



Indications
Single incision laparoscopic surgery

Umbilical hernia repair



Fat

Text

`

Rectus Abdominis

Rectus Sheath Block: 0.2mL/kg
Max 5 mL/side



Ilioinguinal & Iliohypogastric 

! Inguinal hernia repair.
! Iliac crest bone graft.
! Patients who are not suitable for caudal 

blocks.
! Patients with coagulation abnormalities.
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Ilioinguinal Nerve Block
0.1mL/kg local anesthetic 

solution. External Oblique
Internal Oblique

Transversus

Iliacus
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Additional US Guided Ilioinguinal 
Block improved pain control 

postoperatively for Inguinal hernia 
Surgery



Postoperative Pain Control in Children 
Undergoing Laparoscopic Appendectomy: 

Comparison of US Guided Peripheral 
Nerve Blocks to Local Anesthetic 

Infiltration Analgesia

Sohn L, Voronov P, Sawardekar A, 
Jagannathan N, Suresh S

Children’s Memorial Hospital, Northwestern 
University

Chicago, IL
ASA 2010 Abstract



US guided blocks vs Local Infiltration

! Pain scores were 
reduced in the US 
guided blocks 
group

! Rescue 
medications were 
decreased in the 
US guided block 
group

Sohn et al, ASA 2010

Infiltration
Blocks





Copyright restrictions apply



S
Lateral Medial

Viscera

US scanning of abdominal wall
Scanning medial to lateral

EO

iO

TA



Copyright restrictions apply

0.2mL/kg 0.125% 
bupivacaine, max volume 
20mL/side



Concentration & Volume of Local 
Anesthetic Solution for TAP Blocks

! Total volume used 1mL/kg divided 
between the two sides.

! Concentration of local anesthetic 
solution:  0.125% bupivacaine.

! Subcostal for upper abdominal surgery
! Above the iliac crest for lower 

abdominal surgery.
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Pharmacodynamics of Bupivacaine 
for TAP block in Children

! `

126

Taylor L, Suresh et al
FAER MSARP Submission, ASA 2010 

      Rescue Medications

0.125% Bupivacaine 
just as good as 0.25% 

bupivacaine



Single -Dose Pharmacokinetics of 
Bupivacaine following TAP Block in 

Neonates
Cambic A, Birmingham PK, Hall SC, Galinkin J, Suresh S

Abstract: ASA 2011, A830
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!
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TAP Catheters



Advanced Blocks
! Paravertebral blocks.
! Lumbar plexus blocks.
! US aided epidural analgesia.
! Pudendal nerve block
! Obturator nerve block.
! .
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Pleura

TPTP

Paravertebral space

Paramedian Scan
Thoracic Paravertebral 

Space



Paravertebral Space
Paramedian Transverse Oblique Scan

Courtesy Dr.Karmakar



!

PA Lonnqvist



Peripheral Nerve block catheters
! Femoral catheters
! Infraclavicular/Interscaene catheters
! Ilioinguinal catheters
! TAP catheters



Pediatric Peripheral Nerve Block 
Rotation 

Identify Block Patients 
(Previous night)

Discuss with 
surgeon

Discuss with anesthesiologist Discuss plan and advantages/disadvantages
With the family

Prepare block tray

Perform block

Bilateral
Allow resident to do second side

Training



Billing for Blocks: ASA Relative 
Value Guide
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Block Type CPT 
C d

Unit 
V lBrachial plexus Single injection 64415 8

Axillary Single injection 64417 8
Sciatic Single injection 64445 7
Femoral Single injection 64447 7
Brachial plexus Catheter 64416 13
Sciatic Catheter 64446 12
Femoral Catheter 64448 12

Use the 59 modifier for postoperative pain
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Exciting New Developments in Pediatric 
Regional Anesthesia

! Improved analgesia with greater 
accuracy

! Decreased dosing with better 
pharmacodynamic models

! Potential for longer acting regional 
blocks

! Improved care by use of regional 
anesthesia catheters
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Will Nerve Stimulation become a 
Relic?



ssuresh@luriechildrens.org


