Peripheral nerve blocksin children

Peter Marhofer, MD
Department of Anaesthesia and Intensive Care Medicine, Medical University Vienna
A-1090 Vienna, Austria, Europe
peter.marhofer@meduniwien.ac.at
WWW.SONO-Nerve.com

Santhanam Suresh, MD FAAP
Director of Research
Children’s Memoria Hospital
Associate4 Professor of Anesthesiology & Pediatrics
Feinberg School of Medicine, Northwestern University

Chicago, IL

I ntroduction

The performance of peripheral nerve blocksin children is similar to adults. Interestingly most
of the techniques described below are often underused, and therefore only afew publications
are available. We perform the entire spectrum of blocksin our daily clinical practice, and it is
important to state that most of ultrasound guided blocks reflect our personal experience and
not all techniques are described in the literature in a randomized, prospective and double
blinded manner.

Upper extremity Blocks

All nerves of the brachial plexusin children are superficial. High frequent linear ultrasound
transducers are therefore appropriate for these indications.

Interscalene brachial plexus block

Thistype of block isindicated for surgical procedures in the shoulder and upper arm area.
Winnie et al. originally placed the puncture at the level of the laryngeal prominence on the
lateral border of the sternocleidomastoid muscle with the needle in a perpendicular direction.
This needle direction used to involve severe complications such as puncture of the epidural
space or inadvertent administration of local anaesthetic into the vertebral artery (risk of
seizures). The technique was later modified by Meier et al., who used a more cranial puncture
site with a more tangential orientation of the needle [1]. The success rates given in the
literature vary between 50% and 94%.

The brachial plexus can be readily visualized by ultrasound imaging at the level of the
posterior interscalene space. The probing is started laterally to the larynx by visualizing the
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thyroid gland, the carotid artery, and the internal jugular vein. Asthe probe is moved
sidewaysto the lateral border of the sternocleidomastoid muscle with a slight caudal
movement of thetip of the probe, the nerve structures become visible in atransverse view as
multiple round or oval hypoechoic areas between the anterior and median scalene muscles.

Following skin puncture slightly cranial to the probe, a 22-gauge 4 cm needle with a facette
tip is placed in the interscal ene space to inject the local anaesthetic under direct ultrasound
visualization. A dose of 5-10 ml is normally sufficient to induce complete brachia plexus
blockade. The entire brachial plexus can be blocked from this position by slightly
repositioning the needle to include the T1 root, which forms part of the ulnar nerve. Also, a
catheter can be inserted into the interscalene space if continuous brachial plexus anaesthesiais
desired.

Supraclavicular brachial plexus block

The Vienna study group devel oped an ultrasound-guided technique for the supraclavicular
approach and compared it with the axillary approach, demonstrating that a high success rate
could be obtained even with ultrasound equipment that was state of the art in 1994 [2].

The entire brachial plexus near the subclavian artery can be visualized by moving the
ultrasound probe away from the “interscalene” position described above to a supraclavicular
position. As the structures of interest are close to the skin, a high-frequency linear probe (12
MHz or preferably 14 MHz) can be used for optimal resolution. While it is difficult to identify
each of the three trunks and the anterior and posterior divisionsin a precise manner because
of their close proximity, the individual structures of the brachial plexus at thislevel are
adequately mapped for all practical purposes as the probeis slowly moved in a craniocaudal
direction. The puncture siteis located cranial and posterior to the ultrasound probe using the
in-plane technique. Local anaesthetic should be administered to the point of encircling the
trunks (usually 3-5 ml). This approach is optimal for catheter placement.

Infraclavicular brachial plexus block

The vertical infraclavicular brachial plexus (VIP) block has been one of the most popular
approaches to the brachial plexus since it was described by Kilkaet al. in 1995 [3]. Reported
success rates vary between 88% and 95%. It has been said that anatomical landmarks can be
readily identified with this approach, but serious complications have been described as well.
The puncture site is located halfway between the jugulum and the ventral part of the
acromion.

In an ultrasound investigation into the reliability of the “VIP point”, Greher et al. came up
with aformula suggesting a somewhat different position [4]. Their findings indicated that the
predicted VIP point and the infraclavicular puncture site defined by ultrasound imaging
coincided in less than 20% of patients. According to Greher et al., the VIP point is only
correct when the distance between the jugulum and acromion is 22 cm. For each centimetre
less or more, the puncture site should be moved 2 mm towards the lateral or medially aspect,
respectively.




Thefindings of Greher et al. suggest that all infraclavicular brachial plexus blocks should be
performed under ultrasound visualization. The distance of the brachial plexus from the pleura
can be increased by selecting a more lateral approach to avoid inadvertent puncture of the
cervical pleura. In addition, these results have been implemented in paediatric infraclavicular
blocks, where a more lateral approach should be used [5]. The so-called “Lateral
infraclavicular plexus block” shows significant advantages in comparison with axillary blocks
in terms of onset, duration and extent of block, even when a nerve stimulator will be used.
Using a high frequent linear ultrasound probe the fascicles as well asthe pleuraare visible
and an even more effective block in comparison with nerve stimulator guidance could be
performed [6].

Axillary brachial plexus block

This approach is still the most popular technique for blockade of the brachial plexus.
Although complications are generally rare, one author reported three cases of serious
permanent neurologic injuries. Also, the reported success rates of 70-80% are hardly
acceptable. These problems may be caused by failure to block the radial nerve after puncture
above the axillary artery. Whatever the case may be, the axillary approach involves many
open questions despite its great popularity.

Retzl et al. described the use of high-resolution ultrasonography to identify nerves at the
axillary level [7]. They observed that the position of the main nerves of the brachial plexus
was not constant relative to the axillary artery but changed significantly on applying even
mild pressure (e.g. during pal pation of the axillary artery). This observation may also help to
explain the high failure rate of axillary brachial plexus blocks.

Ultrasound guidance for axillary brachial plexus anaesthesia should be performed with a high-
frequency probe (> 12 MHz, in younger children > 13 MHz). The median nerve can be
readily visualized, asit islocated right next to the axillary artery al the way down to the
cubital level. The ulnar nerve located medial to the artery and remains closer to the skin
surface than the median nerve all the way down to the proximal forearm. The radia nerve,
which islocated below the artery, may be somewhat of a problem. Whileit is sometimes
difficult to visualize because of the acoustic shadow cast by the artery, the anaesthesiol ogist
can still move the probe slightly in adorsal direction to visualize the radial nerve at the level
of the humerus where it branches off from below the artery to enter the radial nerve sulcus.

A 22-gauge 4 cm should be inserted 1 cm below the artery, blocking each of the three major
nerves with tiny volumes of local anaesthetic. The muscul ocutaneous nerve originates in the
lateral fascicle. Being located between the coracobrachial and short head of the biceps
muscles, it is usually separated from the other nerves at the level of the axilla, such that it
cannot be reached by axillary injection of the local anaesthetic. In most patients, the

muscul ocutaneous nerve can be readily visualized by ultrasound and effectively blocked by
injecting another 1-2 ml of the local anaesthetic after moving the needle dlightly in a crania
direction. The ultrasound guided axillary approach to the brachial plexusis strictly a multi
Injection technique.




Descriptions of axillary plexus blocksin children are rare [5,8,9]. The implementation of
ultrasonography in the daily clinical practice should improve the efficacy of this regional
anaesthetic technique also in children.

Lower Extremity Blocks

Psoas compartment block

The psoas compartment block shows usually a blockade of all nerves of the lumbar plexus,
but it shows a high number of complications (e.g. kidney or colon puncture). Additionally
common anatomical considerations, that the position of the lumbar plexus is sandwiched
between the quadratum lumborum muscle and the psoas muscle does not reflect the
anatomical thought. It has been shown that the lumbar plexus is positioned within the psoas
muscle.

However it shows some advantages over the 3-in-1 block and neuraxial anaesthesia as well.
The advantage compared with the 3-in-1 block is that all nerves of the lumbar plexus are
blocked with the psoas compartment block and in combination with a sciatic nerve block all
surgical procedures, including hip surgery, can be anesthetised sufficiently.

Kirchmair et al. described the exact anatomical considerations and the use of ultrasonography
for psoas compartment blocks [10]. Despite the performance of ultrasound guided psoas
compartment blocks in children seemsto be easier in comparison with adultsit is still an
advanced technique.

For the psoas compartment block we use a2 to 5 MHz sector probe (in younger children also
a higher frequent linear probe could be used), which provides a better penetration depth,
which is necessary for this application. The patient should be placed in alateral decubitus
position with thigh flexed trunk, similar to that for spinal anaesthesia, with the operative
extremity uppermost. The scanning head has to be placed paravertebral of L4 in atransacted
view. For the first orientation the spinal process the articular and the transverse process has to
be seen. The erectus spine and quadratus lumborum muscles give further orientation. In many
cases the kidney can also bee recognized in this plane. When we have found a position which
enables to see all these anatomical findings, the US-machine has to be adapted (penetration
depth and focus) to have an optimal imaging. After that the probe has to be shifted down
dlightly to create an imaging in which the sound beam walks between the transverse processes
of L4 and L5. In this position the psoas muscleis visible. Using an in plane technique the
needle has to be positioned within the psoas compartment muscle and a response to nerve
stimulation can be confirmed. The LA injection to the right place can be monitored
additionally.

3-in-1 Block

3-in-1 blocksin children are awidely used regional anaesthetic technique [11,12]. The use of
ultrasound should improve block qualities. The anatomical landmarks are clearly visible using
alinear 5-12 MHz probe. The femoral vein is medial of the femoral artery and lateral to the
vessels the femoral nerve can be detected in its position below the iliopectineal arch.




Immediately under the inguinal ligament the femoral nerve dividesin many braches. The
major branch, which is the saphenous nerve, is close to the femoral artery. With high frequent
linear probesit is also possible to visualize this sensory end-branch of the femoral nerve [13].

The ultrasound guided 3-in-1 block should be performed close to the inguinal ligament using
the cross sectional technique. Once the vessels and the nerve have been identified the needle
has to be inserted in the short axis technique and placed close to the femoral nerve. The local
anaesthetic injection can be monitored with the ultrasound. When the nerve is surrounded by
local aesthetic an appropriate blockade of the nerve can be predicted. In clinical practice 3to
10 mL are sufficient for a successful block.

Similar to adults, it is not clear if the obturator nerve isincluded in the regional anaesthetic
technique. The current recommendation is that the obturator nerve should be blocked
separately in cases of requirement of a specific block.

Sciatic nerve blocks

Ultrasonographic guided sciatic nerve blocks in children are arelatively new topic [14,15]. In
principle all approaches are possible under direct ultrasonographic control. We perform
infragluteal, midfemoral and popliteal approaches in the daily clinical practice.

The sciatic nerveisin some cases difficult to visualize in ultrasonography because of its
anisotropy, which describes the optimal visibility of nerve structures dependent on the angle
of the ultrasound beam.

Head & Neck Blocks

Head and neck blocks have been used in children and adults for decades. However,
there has been greater interest in the use of these blocks in children due to the advantage of
decreasing postoperative adverse effects associated with opioids.*

Supraorbital & supratrochlear blocks: These blocks are used for patients undergoing surgery
to the forehead and scalp.?’ We have used it in conjunction wioth other blocks of the head
and neck for craniotomies.™’

Technique: After careful preparation of the forehead, a 30G needleisinserted at the level of
the pupil on the eybrow. A subcutaneous injection of local anesthetic (0.5mL) isinjected.
This provides analgesia for the scalp anterior to the coronal suture.

Infraorbital blocks: Thisblock is useful for surgeries performed on the upper lip including
cleft lip surgery.*® , endoscopic sinus surgery™ as well for surgery on the maxilla. The
infraorbital foramen islocated at the level of the pupil, at the inferior border of the orbital rim.

Technique; an intraoral approach isour preferred approach. After eversion of thelip, a27-G
needleisinserted at the level of the subsulcal line advancing the needle to the infraorbital
foramen. After careful aspiration, 0.5to 1 mL of local anesthetic solution is injected.

Superficial cervical plexus blocks. The superficial cervical plexus supplies the sensory nerves
to the pinna, mastoid area, temporal area of the scalp as well as the anterior neck and a‘ cape-
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like' distribution along the shoulder. We have used this block for tympanomastoid surgery in
out practice.’®

Technique; A 27-G needleisinserted along the posterior border of the sternocleidomastoid
and the level of the cricoid, after aspiration a subcutaneous injection of local anesthetic 1 —2
mL isinjected.

References

1 Meier G, Bauereis C, Maurer H, Meier T. [Interscalene plexus block. Anatomic
reguirements--anesthesiol ogic and operative aspects]. Anaesthesist 2001;50:333-41.

2. Kapral S, Krafft P, Eibenberger K et al. Ultrasound-guided supraclavicular approach
for regiona anesthesia of the brachial plexus. Anesth Analg 1994;78:507-13.

3. KilkaHG, Geiger P, Mehrkens HH. [Infraclavicular vertical brachia plexus blockade.
A new method for anesthesia of the upper extremity. An anatomical and clinical study].
Anaesthesist 1995;44:339-44.

4, Greher M, Retzl G, Nidl P et al. Ultrasonographic assessment of topographic anatomy
in volunteers suggests a modification of the infraclavicular vertical brachial plexus block. Br J
Anaesth 2002;88:632-6.

5. Fleischmann E, Marhofer P, Greher M et a. Brachial plexus anaesthesiain children:
lateral infraclavicular vs axillary approach. Paediatr Anaesth 2003;13:103-8.

6. Marhofer P, Sitzwohl C, Greher M, Kapral S. Ultrasound guidance for infraclavicular
brachial plexus anaesthesiain children. Anaesthesia 2004;59:642-6.

7. Retzl G, Kapra S, Greher M, Mauritz W. Ultrasonographic findings of the axillary
part of the brachial plexus. Anesth Analg 2001;92:1271-5.

8. Breschan C, Kraschl R, Jost R et a. Axillary brachial plexus block for treatment of
severe forearm ischemia after arterial cannulation in an extremely low birth-weight infant.
Paediatr Anaesth 2004;14:681-4.

9. Altintas F, Bozkurt P, Ipek N et al. The efficacy of pre- versus postsurgical axillary
block on postoperative pain in paediatric patients. Paediatr Anaesth 2000;10:23-8.

10.  Kirchmair L, Enna B, Mitterschiffthaler G et al. Lumbar plexusin children. A
sonographic study and its relevance to pediatric regiona anesthesia. Anesthesiology
2004;101:445-50.

11.  TobiasJD. Continuous femoral nerve block to provide analgesia following femur
fracture in a paediatric |CU population. Anaesth Intensive Care 1994;22:616-8.

12. ChuRS, Browne GJ, Cheng NG, Lam LT. Femoral nerve block for femoral shaft
fractures in a paediatric Emergency Department: can it be done better? Eur J Emerg Med
2003;10:258-63.




13. Lundblad M, Kapral S, Marhofer P, Lonnqvist PA. Ultrasound-guided infrapatellar
nerve block in human volunteers: description of anovel technique. Br J Anaesth 2006;97:710-
4.

14.  Kettner S, Oberndorfer U, Marhofer Pet al. 50.  Ultrasonographic guidance for
sciatic and femoral nerve blocksin children. Abstract #9, 5th NY SORA Congress, December
16th-17th 2006, New Y ork, USA 2006.

15.  Oberndorfer U, Marhofer P, Willschke H et al. Ultrasonographic guidance for lower
extremity blocksin children - Preliminary results. 6th European Congress of Paediatric
Anaesthesia, September 1st-3rd 2005, K6In 2005.

16. Prabhu, K. P., J. Wig, and S. Grewal. "Bilateral infraorbital nerve block is superior to
peri-incisional infiltration for analgesia after repair of cleft lip." Scand.J.Plastic Reconst.Surg
& Hand Surg 33.1 (1999): 83-87.

17. Suresh S, Patel AS, Dunham, M. E., and et a. A randomized double-blind controlled trial
of infraorbital nerve block versus intravenous morphine sulfate for children undergoing
endoscopic sinus surgery: Are postoperative outcomes different? Anesthesiology 97. 10-1-
2002.

Ref Type: Abstract

18. Suresh, S, et a. "Postoperative pain relief in children undergoing tympanomastoid
surgery: isaregiona block better than opioids?' Anesth.Analg. 94.4 (2002): 859-62, table.

19. Suresh, S. and G. Bellig. "Regional anesthesiain avery low-birth-weight neonate for a
neurosurgical procedure.” Reg Anesth.Pain Med. 29.1 (2004): 58-59.

20. Suresh, S. and A. M. Wagner. "Scalp excisions:. getting "ahead" of pain." Pediatr
Dermatol. 18.1 (2001): 74-76.




	Introduction
	Upper extremity Blocks
	Interscalene brachial plexus block
	Supraclavicular brachial plexus block
	Infraclavicular brachial plexus block
	Axillary brachial plexus block

	Lower Extremity Blocks
	Psoas compartment block
	3-in-1 Block
	Sciatic nerve blocks

	References

