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Lower-Extremity Peripheral Nerve Blockade:
Essentials of Our Current Understanding

F. Kayser Enneking, M.D., Vincent Chan, M.D., Jenny Greger, M.D.,
Admir Hadzi¢, M.D., Ph.D., Scott A. Lang, B.Sc., M.D., F.R.C.P.C.,

and Terese T. Horlocker, M.D.

he American Society of Regional Anesthesia
Tand Pain Medicine introduced an intensive
workshop focused on lower-extremity peripheral
nerve blockade in 2002. This review is the compi-
lation of that work. Details concerning the tech-
niques described in this text are available at the web
site ASRA.com, including video demonstrations of
the blocks. Lower-extremity peripheral nerve
blocks (PNBs) have never been as widely taught or
used as other forms of regional anesthesia. Unlike
the upper extremity, the entire lower extremity
cannot be anesthetized with a single injection, and
injections are generally deeper than those required
for upper extremity block. In addition, neuraxial
techniques are widely taught and use alternative
methods for providing reliable lower-extremity an-
esthesia. Over the past decade, several develop-
ments have led to an increased interest in lower
extremity PNBs, including transient neurologic
symptoms associated with spinal anesthesia, in-
creased risk of epidural hematoma with the intro-
duction of antithromboembolic prophylaxis regi-
mens, and evidence of improved rehabilitation
outcome with continuous lower-extremity PNBs.
This review will focus on the anatomy of the lum-
bosacral plexus and its terminal nerves, followed by
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a discussion of techniques and applications. In ad-
dition, we will review neural localization tech-
niques and potential complications.

Lower-Extremity Peripheral Nerve
Anatomy

Lower-extremity PNB requires a thorough un-
derstanding of the neuroanatomy of the lumbosa-
cral plexus. Anatomically, the lumbosacral plexus
consists of 2 distinct entities: the lumbar plexus and
the sacral plexus. There is some communication
between these plexi via the lumbosacral trunk, but
for functional purposes these are distinct entities.!
Details of the motor and sensory branches of the
lumbosacral plexus are summarized in Tables 1 and
2 and Figures 1 and 2. The lumbosacral plexus
arises from at least 8 spinal nerve roots, each of
which contains anterior and posterior divisions that
innervate the embryologic ventral or dorsal por-
tions of the limb. With the exception of a small
cutaneous portion of the buttock (which is supplied
by upper lumbar and sacral segmental nerves), the
innervation of the lower extremity is entirely
through branches of the lumbosacral plexus. The
nerves to the muscles of the anterior and medial
thigh are from the lumbar plexus. The muscles of
the buttocks, the posterior muscles in the thigh, and
all the muscles below the knee are supplied by the
sacral plexus. There are a multitude of approaches
to each peripheral nerve block described for the
lower extremity. Thus, a detailed review of the
course of each of the relevant terminal peripheral
nerves of the lower extremity is warranted in this
review.

Lumbar Plexus Anatomy

The lumbar plexus is formed within the psoas
muscle from the anterior rami of T12-L4.!-#4 The
branches of this plexus, the iliohypogastric, ilioin-
guinal, genitofemoral, lateral femoral cutaneous,
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Table 1. Lumbar Plexus Anatomy
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Spinal Articular
Nerve Segment Motor Innervation Motion Observed* Sensory Innervation Branches
lliohypogastric T12-L1 Int/ext oblique Ant abdominal wall Inferior abd wall None
Transverse abdominis Upper lat quadrant of buttock
llioinguinal L1 Int oblique Ant abdominal wall Inferior to medial aspect of None
inguinal ligament
Portion of genitalia
Genitofemoral L1-L2  Cremaster Testicular Inferior to mid portion of None
inguinal ligament
Spermatic cord
Lateral Femoral L2-L3 None Anterior lateral and posterior
Cutaneous aspects of thigh
terminating in prepatellar
plexus
Femoral L2-L4
Anterior division Sartorious Medial aspect of the lower Anterior medial skin of the None
thigh thigh
Pectineus Adductor of thigh None
Posterior division Quadriceps Knee extension, patellar  Ant thigh Hip and knee
ascension
Saphenous Medial leg from the tibia to
the medial aspect of the
foot
Obturator L2-L4
Anterior division Gracilus, adductor brevis & Thigh adduction Variable, posterior medial Hip
longus pectineus thigh, medial knee
Posterior division Obturator externus, Thigh adduction with Knee

adductor magnus

lateral hip rotation

Abbreviations: Int, internal; Ext, external; Ant, anterior; Abd, abdominal; Lat, lateral.

*Motion observed refers to the observed motor response with electrical stimulation of that nerve.

and femoral and obturator nerves emerge from the
psoas laterally, medially, and anteriorly (Figs 2 and
3). Of these, the femoral, lateral femoral cutaneous,
and obturator nerves are most important for lower-

extremity surgery.

Table 2. Sacral Plexus Anatomy

Femoral Nerve.

The femoral nerve is formed
by the dorsal divisions of the anterior rami of the
second, third, and fourth lumbar nerves. The fem-
oral nerve emerges from the psoas muscle in a

fascial compartment between the psoas and iliacus

Spinal
Nerve Segment Motor Innervation Motion Observed* Sensory Innervation Articular Branches

Gluteal nerves L4-S2  Piriformis, sup/inf gemellus Buttocks with lat hip ~ Upper medial aspect of Hip

obturator internus, rotation buttock

quadratus femoris
Sciatic, tibial L4-S3  Biceps femoris, Hamstrings with knee Medial and lat heel Hip knee, and ankle

semitendinosus, extension Sole of foot

adductor magnus

Popliteus Knee flexion
Plantar flexion
Gastrocnemius, soleus, Toe flexion

flexors of foot
Sciatic, peroneal L4-S3  Short head of biceps Knee flexion Distal anterior leg, Knee and ankle
Superficial femoris peroneus Foot inversion dorsum of foot

longus, brevis
Deep Extensors of foot, toes Dorsiflexion of foot, Web space of 15t toe Ankle

ankle
Sural None None None None
Components from Post calf, lat border None
peroneal & tibial of foot and 5t toe

Post cut nerve of S1-S3  None None Distal medial quadrant  None

thigh

of buttock perineum,
post thigh including
popliteal fossa

Abbreviations: Sup, superior; Inf, inferior; Lat, lateral; Post, posterior; Cut, cutaneous.
*Motion observed refers to the observed motor response with electrical stimulation of that nerve.
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Fig 1. Dermatomes and osteotomes of the lumbosacral
plexus are illustrated. (Courtesy of Mayo Foundation.)

muscles, in which it gives off articular branches to
the hip. It enters the thigh posterior to the inguinal
ligament. There it lies lateral and posterior to the
femoral artery. This relationship to the femoral ar-
tery exists near the inguinal ligament, but not after
the nerve enters the thigh. As the nerve passes into
the thigh, it divides into an anterior and a posterior
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Fig 2. Lumbosacral plexus. Anatomic depiction of the
lumbosacral plexus with the major peripheral nerves of
the lower extremity. (Courtesy of Mayo Foundation.)
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Fig 3. A contrast radiograph after lumbar plexus block
injection. The radiograph shows a typical oblique descent
of the lumbar plexus branches into the pelvis contained
within the iliopsoas muscle: 1, spinous processes outlin-
ing midline; 2, dispersion of radiopaque dye; 3, pelvis.

division and quickly arborizes (Fig 4). At the level of
the inguinal ligament, there are dense fascial
planes, the fascia lata, and fascia iliaca. The femoral
nerve is situated deep to these fascial planes. The
femoral artery, vein, and lymphatics reside in a
separate fascial compartment medial to the nerve.

The anterior division of the femoral nerve gives
off the medial and intermediate cutaneous nerves
that supply the skin of the medial and anterior
surfaces of the thigh. The muscular branches of the
anterior division of the femoral nerve supply the
sartorius muscle and the pectineus muscle and ar-
ticular branches to the hip. The posterior division of
the femoral nerve gives off the saphenous nerve,
which is the largest cutaneous branch of the femo-
ral nerve, and the muscular branches to the quad-
riceps muscle and articular branches to the knee.

The terminal nerves of the posterior division of
the femoral nerve, the saphenous and the vastus
medialis nerves, continue distally through the ad-
ductor canal. After leaving the adductor canal, the
saphenous nerve emerges from behind the sartorius
muscle, in which it gives off an infrapatellar branch
and then continues distally to supply the cutaneous
innervation of the anteromedial lower leg down to
the medial aspect of the foot.

Obturator Nerve. The obturator nerve is a
branch of the lumbar plexus formed within the
substance of the psoas muscle from the anterior
division of the second, third, and fourth lumbar
nerves. It is the nerve of the adductor compartment
of the thigh, which it reaches by piercing the medial
border of the psoas and passing straight along the
sidewall of the pelvis to the obturator foramen.
After entering the thigh through the obturator
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Fig 4. Anatomy of the femoral nerve in the inguinal
area: 1, femoral nerve; 2, lateral femoral cutaneous
nerve; 3, branches of the femoral nerve to the sartorius
muscle; 4, inguinal ligament; 5, femoral artery; 6, femoral
vein.

groove, the nerve divides into an anterior and pos-
terior division. The anterior division has three
branches including the muscular branches to the
adductor muscles, an articular branch to the hip
joint, and a cutaneous branch to the medial side of
the thigh. The extent of this cutaneous sensory
innervation has been investigated by Bouaziz et al.>
These investigators performed an isolated obturator
nerve block on patients before a femoral nerve
block. All the obturator nerve blocks were success-
ful as shown by adductor paresis. In 57% of the
patients, there was no cutaneous sensory loss de-
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monstrable. In 23% of patients, a zone of hypoes-
thesia was present on the superior medial aspect of
the popliteal fossae. Only 20% of the patients
showed a sensory deficit on the inferior aspect of
the medial thigh. The inconsistency of the sensory
distribution of the obturator nerve must be consid-
ered when evaluating reports of obturator nerve
block success rates based on sensory findings only.

The posterior division of the obturator nerve de-
scends with the femoral and popliteal artery to the
knee joint, and forms 2 branches: a muscular
branch to the external obturator and adductor mag-
nus muscles and an articular branch to the knee.
The divergence of the obturator nerve from the
femoral nerve begins as they emerge from the sub-
stance of the psoas muscle. At the level of the
inguinal ligament, the obturator nerve lies deep and
medial relative to the femoral nerve and is sepa-
rated from it by several fascial compartments. This
separation at the level of the inguinal ligament is
obvious in anatomic dissections (Fig 5)¢ and has
also been shown both radiographically with con-
trast and by magnetic resonance image.”8

Lateral Femoral Cutaneous Nerve. The lat-
eral femoral cutaneous nerve is formed by union of
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Fig 5. Organization of the lumbar plexus components at
the level of the inguinal ligament: 1, femoral nerve; 2,
obturator nerve; 3, genitofemoral nerve; 4, lateral femo-
ral cutaneous nerve; 5, psoas muscle; 6, ureter; 7, iliacus
nerve and vein; 8, rectum.
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fibers from the posterior division of the anterior
primary rami of L2 and L3. It emerges from the
lateral border of psoas major below the iliolumbar
ligament, passing around the iliac fossa on the sur-
face of the iliacus muscle deep to the iliac fascia.
Above the inguinal ligament, it slopes forward and
lies inside the fibrous tissue of the iliac fascia. It
perforates the inguinal ligament approximately 1
cm from the anterior superior iliac spine from
where it enters the thigh. The lateral femoral cuta-
neous nerve supplies the parietal peritoneum of the
iliac fascia and the skin over a widely variable as-
pect of the lateral and anterior thigh.® It has no
motor innervation.

Sacral Plexus Anatomy

The sacral plexus is formed within the pelvis by
the merger of the ventral rami of the fourth and
fifth lumbar and the first 3 or 4 sacral nerves. The
fourth and fifth lumbar ventral rami are common to
both the lumbar and the sacral plexus and the
lumbosacral trunk.'© Of the 12 branches of the
sacral plexus, 5 are distributed within the pelvis and
the other 7 emerge from the pelvis to distribute to
the buttock and the lower extremity. The sacral
plexus provides motor and sensory innervation to
portions of the entire lower extremity including the
hip, knee, and ankle. The most important compo-
nents of the sacral plexus for lower-extremity sur-
gery are the sciatic and the posterior cutaneous
nerves and their terminal branches.

Sciatic Nerve. The lumbosacral trunk (L4-L5)
and anterior divisions of the sacral plexus (S1-S3)
merge to form the tibial nerve, whereas the poste-
rior divisions merge to form the common peroneal
nerve. These 2 large mixed nerves of the sacral
plexus are initially bound together by connective
tissue to form the sciatic nerve. At this level, the
tibial component is medial and anterior, whereas
the common peroneal component is lateral and
slightly posterior (Fig 6). The superior gluteal artery
is immediately superior and medial to the sciatic
nerve at the level of the piriformis. Doppler identi-
fication of the superior gluteal artery has been used
to help identity appropriate needle insertion site
during sciatic nerve block.!! The sciatic nerve exits
the pelvis via the greater sciatic notch below the
piriformis muscle.!2 At this level, it lies lateral and
posterior to the ischial spine. As it enters the thigh
and descends toward the popliteal fossa, it is poste-
rior to the lesser trochanter of the femur, on the
posterior surface of the adductor magnus muscle
within the posterior medial thigh compartment
deep to biceps femoris. There is no artery after a

Fig 6. Proximal anatomy of the sciatic nerve in the glu-
teal region: 1, greater trochanter; 2, common peroneal
component of the sciatic nerve; 3, tibial component of the
sciatic nerve; 4, ischial tuberosity; 5, superior gluteal ar-
tery; 6, inferior gluteal artery.

similar course because the chief blood supply to the
thigh is through the anterior femoral artery. The
popliteal artery and vein, the continuation of the
femoral artery and vein, reach the popliteal fossa by
passing through the adductor hiatus and continue
downward with the artery anterior to the vein. In
the upper part of the popliteal fossa, the sciatic
nerve lies posterolateral to the popliteal vessels.
Specifically, the popliteal vein is medial to the
nerve, whereas the popliteal artery is anterior, lying
on the popliteal surface of the femur (Fig 7). The
sciatic nerve usually divides into its component
nerves, the tibial and common peroneal nerves, at
the upper aspect of the popliteal fossa. In a cadav-
eric evaluation, Vloka et al.!> reported that the di-
vision of the sciatic nerve into its components oc-
curs at a mean distance of 6 = 3 cm above the
popliteal crease. However, in this small sampling,
the range was quite large (0-11.5 cm).

Tibial Nerve. In the popliteal fossa, the tibial
nerve lies posterior and lateral to the popliteal ves-
sels (Fig 8). In the lower part of the fossa, it sends
branches to the major ankle plantar flexors, the
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Fig 7. An MRI image of the popliteal fossa showing the
relationship of the components of the sciatic nerve to the
vessels and femur: 1, femur; 2, biceps femoris; 3, semi-
tendinosus/semimembranosus; 4, sciatic nerve (tibial and
common peroneal components are seen); 5, popliteal
artery and vein.

gastrocnemius, and soleus muscles. The tibial nerve
then courses on the posterior surface of the tibialis
posterior muscle, along with the posterior tibial ves-
sels. At the ankle, the nerve and vessels enter a
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Fig 8. Popliteal fossa cross-sectional view. This figure
shows needle position for a lateral approach to the sciatic
nerve in the supine patient at the level of the popliteal
fossa. Note the components of the sciatic nerve are pos-
terior and lateral to the vessels. m, muscle; n, nerve; post,
posterior; lat, lateral; t, tendon. (Courtesy of Mayo
Foundation.)
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Fig 9. Ankle cross-sectional image. The figure at the level
of malleolus shows the typical distribution of the terminal
branches of the sciatic nerve that comprise an ankle
block. t, tendon; a, artery; v, vein; lig, ligament; n, nerve;
memb, membrane; m, muscle. (Courtesy of Mayo
Foundation.)

compartment beneath the flexor retinaculum (Fig
9). As it passes to the plantar aspect of the foot, it
gives off the lateral and medial plantar nerves. Of
the digital nerves, those to the medial 3% toes are
supplied by the medial plantar nerve, whereas
those of the lateral 1% toes are supplied by the
lateral plantar nerve; a distribution similar to the
median and ulnar nerves in the hand.

Peroneal Nerve. The common peroneal nerve
diverges laterally leaving the popliteal fossa by
crossing the lateral head of the gastrocnemius. It lies
subcutaneously just behind the fibular head, in
which it can be easily traumatized. As it rounds the
neck of the fibula, the common peroneal nerve
divides into its terminal branches, the deep pero-
neal nerve and the superficial peroneal nerve. The
deep peroneal nerve continues distally, accompa-
nied by the anterior tibial artery, on the interosseus
membrane. Nerve and artery emerge on the dor-
sum of the foot between the extensor hallucis lon-
gus and tibialis anterior. At this level, the deep
peroneal nerve is lateral to the dorsalis pedis artery.
The deep peroneal nerve innervates the extensor
(dorsiflexor) muscles of the foot and the first web-
space. The superficial peroneal nerve descends in
the lateral compartment, between the peroneus
longus and brevis muscles. After supplying these
ankle evertors innervates, it emerges between them
to innervate the skin of the lower leg and foot.
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Posterior Femoral Cutaneous Nerve. The
posterior femoral cutaneous nerve is a purely sen-
sory nerve derived from the anterior rami of S1-
S3.14 It travels with the sciatic nerve out of the
pelvis and into the upper thigh. While deep to the
gluteus maximus, it gives off the inferior clunial
nerves (sensory nerves to the lower buttock) and
perineal branches (sensory to the external genita-
lia). It emerges from the lower edge of the gluteus
maximus to lie in subcutaneous tissue and contin-
ues down the posterior aspect of the thigh and the
leg giving off, in succession, femoral and sural
branches (sensory branches to the back of the thigh
and the calf). It becomes superficial near the pop-
liteal fossa where its terminal branches often anas-
tomose with the sural nerve.

Sural Nerve. The medial and lateral sural
nerves are pure sensory nerves derived from the
tibial and common peroneal nerves, respectively, at
the level of the knee joint. Together, they supply
the posterolateral aspect of the leg and ankle and
the dorsal surface of the foot.

Approaches to the Lower Extremity
Nerve Blocks of the Lumbar Plexus

Psoas Compartment Block. The psoas com-
partment block was first described by Chayen et
al.’> in 1976. It can be performed as a single-injec-
tion technique or with a catheter placed for pro-
longed analgesia. It has been used to provide anes-
thesia for thigh surgery. In combination with
parasacral nerve block, it has been used for hip
fracture repair.¢ It is successfully used for analgesia
after total hip arthroplasty (THA) or total knee ar-
throplasty (TKA).2417.18 It has also been used in the
treatment of chronic hip pain.!® The distribution of
the psoas compartment block is shown in Figure
10A.

The psoas compartment block is a deep block of
the lumbar plexus from a posterior approach. Tra-
versing from posterior to anterior at the level of
L4-L5, the following structures would be encoun-
tered: posterior lumbar fascia, paraspinous muscles,
anterior lumbar fascia, quadratus lumborum, and
the psoas muscleé2° (Fig 10D). The common iliac
artery and vein are situated anterior to the psoas
muscle, which is inside a fascial sheath, the psoas
compartment (Fig 3). Because the final positioning
of the needle is within the body of the psoas muscle
through which the lumbar plexus traverses, it is
thought to be the most consistent approach to block
the entire lumbar plexus with a single injection. It is
useful for providing consistent anesthesia in the
distributions of the femoral, lateral femoral cutane-
ous, and the obturator nerves (Fig 10A).

Several descriptions of the needle entry site for the
psoas compartment blocks have been de-
scribed.2321-2¢ All rely on bony contact with the
transverse process as a guide to depth of needle place-
ment. Capedevila et al.2 described a slightly modified
entry point based on computed tomography (CT)
scans of the lumbar plexus of patients undergoing
THA. They estimated the distance from the skin to the
lumbar plexus to be 8.35 cm in men (range 6.1-10.1
cm) and 7.1 cm in women (range 5.7- 9.3 cm). The
depth of the lumbar plexus correlated with gender
and body mass index. Importantly, the distance from
the transverse process to the lumbar plexus was ex-
tremely consistent at a distance of less than 2 cm. This
relationship of transverse process to the lumbar
plexus was independent of body mass index or gen-
der. Thus, contact with the transverse process pro-
vides a consistent landmark to avoid excessive needle
penetration during psoas compartment block? (Fig
10B-D).

The depth of needle insertion is emphasized be-
cause of the complications associated with excessive
needle depth including renal hematoma, pneumo-
cele, total spinal anesthesia, and unintended intra-
abdominal, and intervertebral disk catheter place-
ment.22527 To ensure the proper position of the
needle during psoas compartment block and avoid
excessive needle insertion, it is highly recommended
that the transverse process be intentionally sought.
Epidural spread of local anesthetic is another common
side effect of psoas compartment block, occurring in
9% to 16% of adult patients>2# (Table 3). In children,
Dalens et al.2? reported a >90% incidence of epidural
spread when using the original landmarks of Chayen
et al.!'> compared with no epidural spread when using
the landmarks as modified by Winnie.2® This side
effect is usually attributed to retrograde diffusion of
the local anesthetic to the epidural space when large
volumes of local anesthetic are used (greater than 20
mL). In most cases, there is residual lumbar plexus
blockade apparent after the resolution of the con-
tralateral block. However, there are case reports of
total spinal anesthesia occurring during lumbar plexus
blockade and vigilance must be maintained during
the management of this block26-3° (see complications).

Continuous Psoas Compartment Blocks. Continuous
techniques have been described to provide analge-
sia after a variety of operations including THA, TKA,
open reduction and internal fixation of acetabular
fractures, open reduction and internal fixation of
femur fractures, and anterior cruciate ligament re-
construction.>17.18.31.32 Interest in this block de-
veloped as practitioners sought alternatives to
neuraxial techniques that could provide consistent
analgesia after hip, femur, and knee surgery. One
theoretical advantage of psoas compartment block
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Fig 10. Psoas compartment block. (A) The sensory distribu-
tion of a psoas compartment block is shown on the right. The
osteotomes blocked by the psoas compartment block are
shown on the left. (B) Landmarks for the psoas compart-
ment block. Needle entry is marked 1 ¢cm cephalad to the
intercristal line, two thirds the distance from the midline to
the PSIS line. (C) Psoas compartment deep landmarks ob-
served from above. Post, posterior; Ant, anterior. (D) Psoas
compartment block, final needle placement. Note the struc-
tures deep to the lumbar plexus including major vascular
structures, kidneys, and abdominal contents. (Courtesy of
Mayo Foundation.)
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Table 3. Success Rate of Lumbar Plexus Block With Different Techniques

Reference N Technique

Number of Failures

Sensory Block Motor Block

(Number of

Fem LFC OBT Fem OBT Epidural Spread)

Parkinson28* 27 Psoas @ L3, n.s.
23 Psoas @ L4-5
20 Femoral paresthesia
20 Femoral, n.s.t
Seeberger+? 39 Femoral, n.s. 20 mL
41  Femoral, n.s. 40 mL

Lang*2 32 Femoral paresthesia 30 mL

Farny? 45 Psoas, n.s. 1.0-0.5 mA

Morau”? 20 Femoral, n.s. @ 0.5 mA bolus via catheter
20 Fascia iliaca bolus via catheter

Tokat”2 30 Psoas, n.s.

30 Femoral, n.s.
Pandin32 132 Psoas n.s.@ 0.3 mA bolus via catheter
Capdevila™ 50 Femoral n.s. @ 0.5 mA 30 mL
50 Fascia iliaca 30 mL
Kaloul?s 20
20 Psoas n.s. @ 0.5 mA bolus via catheter

Femoral n.s. @ 0.5 mA bolus via catheter

95% 100% 100% 7 (4 epidural)
95% 100% 100% 3 (1 epidural)
95% 100% 0% None reported
85% 100% 0% None reported
41% 92% 62% 4
44% 93% 78% 3
96% 81% 4% 6
100% 100% 100% 5 (4 epidural)
100% 70% 88% 2
86% 92% 55% 2

100% 97% 77% 80% 63%

93% 63% 47% 73% 30%

100% 93% 91% 80% 63%

90% 62% 52% 76% 32%
88% 90% 38% 80% 20% 6

95% 47% Not reported

90% 93% Not reported

0 (2 epidural)
3

4 (2 epidural)
5

Abbreviations: Fem, femoral; LFC, Lateral femoral cutaneous; OBT, obturator; n.s., nerve stimulator.

*Use of uninsulated needles; no mA given.

1These studies reported rate of success for blocking the components of the lumbar plexus using a variety of nerve localization

techniques and approaches to the nerves.

over other continuous approaches to the lumbar
plexus is the decreased likelihood of catheter dis-
lodgement because of the large muscle mass that
must be traversed to reach the lumbar plexus. The
muscle mass anchors the catheter.

Pandin and colleagues3? described a slightly more
medial puncture site for placement of continuous
lumbar plexus blocks for postoperative analgesia.
They believed the more medial puncture site im-
proved the likelihood of obtaining an obturator
nerve block and optimized catheter insertion with
an insertion angle of 20° to 30°. They failed to place
a catheter in only 3% of their patients and reported
a high success rate (100% femoral, 93% obturator,
91% lateral femoral cutaneous) bolusing through a
nonstimulating catheter.>2

Femoral Nerve Block. Indications for single-
injection femoral nerve block include anesthesia for
knee arthroscopy in combination with intra-articu-
lar local anesthesia and analgesia for femoral shaft
fractures, anterior cruciate ligament reconstruction
(ACL), and TKA as a part of multimodal regi-
mens.>3-38 Their use in complex knee operations is
associated with lower pain scores and fewer hospi-
tal admissions after same-day surgery.?® The femo-
ral nerve divides into the posterior and anterior
divisions shortly after it emerges from under the
inguinal ligament and undergoes extensive ar-
borization. Commonly, the anterior branch of the
femoral nerve will be identified first. Vloka et al.4°
reported this to be the first motor response elicited
97% of the time. Stimulation of this branch leads to
contraction of the sartorius muscle on the medial

aspect of the thigh and should not be accepted, as
the articular and muscular branches derive from
the posterior branch of the femoral nerve. The nee-
dle should be redirected slightly laterally and with a
deeper direction to encounter the posterior branch
of the femoral nerve. Stimulation of this branch is
identified by patellar ascension as the quadriceps
contract.

Defining the 3-in-1 Block. During femoral nerve
block, it has been advocated to use a higher volume
of local anesthetic and apply firm pressure just dis-
tal to the needle during and a few minutes after
injection to block the femoral, lateral femoral cuta-
neous, and obturator nerves, the so-named “3-in-1
block.”#! However, despite many efforts to consis-
tently produce a 3-in-1 block, the effectiveness of
these maneuvers has not been shown. In most re-
ports, the femoral nerve is the only nerve consis-
tently blocked with this approach.”-84243 Blockade
of the lateral femoral cutaneous nerve occurs
through lateral diffusion of local anesthetic and not
through proximal spread to the lumbar plexus.8 The
obturator nerve is less frequently anesthetized dur-
ing 3-in-1 block than the lateral femoral cutaneous
(LFC), which is not surprising given the number of
fascial barriers between these structures at the level
of the inguinal ligament. Despite the lack of scien-
tific support for the term 3-in-1, many authors still
continue to refer to the anterior femoral nerve
block as a 3-in-1 block. Within this text, we will
refer to this approach as a femoral nerve block.

Continuous Femoral Nerve Block. Continuous fem-
oral nerve block has been shown to improve outcome
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after major knee and vascular surgery of the lower
extremity compared with intravenous narcotic ther-
apy or continuous infusion or injection of analge-
sics.#4-50 Chelly et al.#¢ showed a 20% reduction in
hospital length of stay in patients receiving continu-
ous femoral nerve block analgesia compared with pa-
tients receiving intravenous patient-controlled anal-
gesia narcotics after major knee surgery. Two
prospective randomized studies examined 3 different
modes of analgesia: continuous femoral nerve block,
epidural analgesia, and intravenous narcotic therapy
after TKA.4748 These studies showed improvement in
perioperative rehabilitation scores and a decreased
duration of stay in a rehabilitation center for patients
receiving the regional anesthesia techniques. Contin-
uous femoral nerve block was shown to have equiv-
alent analgesia with fewer side effects than epidural
analgesia in both of these studies.*”4% However, not
all investigators have been able to show these im-
provements in outcome with continuous femoral
nerve blocks. Hirst et al.>! found no differences in
narcotic consumption or pain scores between patients
receiving a single-injection femoral nerve block and
patients receiving a continuous femoral nerve block
after TKA. The accuracy of catheter placement may
play a role in these conflicting findings. Continuous
femoral nerve blocks have been associated with a high
rate of inaccurate catheter placement. In a prospective
study, Capdevila et al.>2 showed that continuous fem-
oral nerve block using a standard approach led to
unpredictable catheter placement. Their technique
was to elicit a vastus intermedius muscle response at
0.5 mA and then insert a catheter 16 to 20 cm after
distending the sheath with 5 mL saline and bolusing
local anesthetic through the catheter. Catheter place-
ment was evaluated radiographically, and only 25%
of the catheters were lying near the lumbar plexus.
Most of the catheters tended to course medially in the
direction of the psoas muscle or laterally in the direc-
tion of the iliacus muscle. The accuracy of final cath-
eter placement correlated with the degree of analgesia
after proximal lower limb surgery, although visual
analog scale values were generally low in all groups.>2
Comparing a stimulating catheter to a nonstimulating
catheter, Salinas and colleagues®> were able to in-
crease the success rate of continuous femoral nerve
block in volunteers from 85% to 100%. The role of
stimulating versus nonstimulating catheters for con-
tinuous peripheral nerve blocks to improve success
rate is an active area of research at this time.

Fascia Iliacus Block. Dalens et al.>® originally
described the fascia iliacus block in children. The
indications for its use are the same as those for
single-injection femoral nerve block. Advocates be-
lieve its utility lies in the double pop technique for
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Fig 11. Approach to the fascia iliacus block. The needle
gives a discernible pop as the fascia lata, then the fascia
iliaca, is traversed. (Courtesy of Mayo Foundation.)

applying this block. The double pop refers to the
sensation felt as the needle traverses the fascia lata
then the fascia iliaca (Fig 11). Penetration of both
layers of fascia is important for successful fascia
iliacus blockade. To facilitate the appreciation of the
“clicks” or “pops,” the use of a short bevel or pencil
tipped needle has been advocated to provide more
tactile feedback than cutting needles. This tech-
nique does not employ the use of a nerve stimula-
tor. Although transient femoral neuropathy has
been reported after fascia iliacus block, this appears
to be a rare occurrence.>¢

The needle entry site for the fascia iliacus block is
determined by drawing a line between the pubic
tubercle and the anterior superior iliac crest and
dividing this line into thirds. The needle entry point
is 1 cm caudal to the intersection of the medial two
thirds and lateral one third along this line. This site
is well away from the femoral artery, making this
useful for patients in whom femoral artery punc-
ture is contraindicated.
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Continuous Fascia Iliacus Blocks. Continuous fascia
iliacus blocks have been described for analgesia after
femur fracture and repair, femoral elongation proce-
dures, skin graft harvesting, ligamentous knee recon-
struction, and TKA.57->8 Much like femoral continu-
ous catheters, the degree of analgesia seems to be
highly correlated with the final position of the cathe-
ter. Ganapathy et al.,>” using a modified approach to
the fascia iliacus block with a nerve stimulator,
showed a high degree of catheter malpositioning. In
this study, CT scans found only 40% of catheters
placed were ideally positioned (superior to the upper
third of the sacroiliac joint in the psoas sheath). An-
other variable examined in this study was the infu-
sate, saline, 0.1% bupivacaine, or 0.2% bupivacaine.
All the patients in the study had excellent pain relief
regardless of the catheter position or infusate. This
was attributed to the multimodal analgesic regimen
the patients received. However, the best analgesia was
highly correlated with ideal catheter tip position and
the use of 0.2% bupivacaine.

Obturator Nerve Block. Indications for a single-
injection obturator nerve block are generally lim-
ited to diagnostic indications or therapeutic relax-
ation of the adductor muscles of the thigh.5° Despite
the significant amount of literature that has been
devoted to anesthetic sparing of this nerve with
many approaches to the lumbar plexus, only 2
studies have examined the effect of the addition of
an obturator nerve block to improve analgesia after
major knee surgery.c%¢! Both studies reported a
decrease in opioid consumption and pain scores in
patients undergoing TKA receiving obturator nerve
block in addition to a femoral or femoral and sciatic
nerve block.

LFC Nerve Block. The LFC nerve of the thigh is a
purely sensory nerve that supplies a large but vari-
able area from the inguinal ligament to the knee on
the lateral aspect of the thigh.® LFC nerve block is
most commonly used as the sole anesthetic during
diagnostic muscle biopsy and harvesting of split
thickness skin grafts.¢2¢3 It has also been used to
provide analgesia in elderly patients undergoing hip
fracture repair.** However, in a study comparing
LFC nerve block, femoral nerve block, and patients
receiving no block following femoral neck repair,
LFC nerve block was not as effective at controlling
postoperative pain as femoral nerve block.¢>

Typically, this block is done as a fan technique
with variable success. Whether this is because of
variability in the distribution of innervation or to
poorly localizing the nerve is not known. Shannon
and colleagues® compared the traditional fan tech-
nique for LFC nerve block to the use of a nerve
stimulator technique seeking tingling in the distri-
bution of the nerve. They reported a 40% success

rate with the fanning technique compared with
100% with the nerve stimulating technique. There
was no difference in the extent of the blockade in
successful blocks. Femoral nerve block has been
reported after LFC block.¢” This is not surprising
given the bulk of data reporting spread to the LFC
nerve during femoral nerve block.

Saphenous Nerve Block. The saphenous nerve fol-
lows the saphenous vein to the medial malleolus
and supplies the cutaneous area of the medial as-
pect of the calf and foot to the level of the midfoot.
The saphenous nerve block is often combined with
a sciatic block to provide anesthesia and analgesia
for surgery involving the medial aspect of the lower
leg and foot. The saphenous nerve is a purely sen-
sory nerve and does not contribute to the bony
innervation of the foot. Approaches to the saphe-
nous nerve along its entire course, from the adduc-
tor canal to the ankle, have been described. Success
rates vary widely between techniques. For exam-
ple, successful block is reported in 33% to 65% of
cases with a field infiltration performed medially at
the level of the tibial plateau,%%¢° 70% to 80% of
cases with the trans sartorial approach,®87° 95% to
100% of cases with femoral paracondylar ap-
proach,”® and near 100% of cases with the para-
venous approach.¢® The saphenous nerve has been
reported to be selectively blocked, sparing of the
quadriceps musculature, in the adductor canal.”!
However, this has not been confirmed in a large
series of patients receiving this approach to the
saphenous nerve.

Comparisons of Approaches to the
Lumbar Plexus

Psoas Compartment Block Versus Femoral Nerve
Block

Parkinson et al.,2® were the first to compare the
extent of blockade after single-injection femoral
nerve block and psoas compartment block. They
compared the extent of blockade of the lumbar
plexus with 5 different methods: posterior approach
at L3 and L4-5 with a nerve stimulator using non-
insulated needles and anterior femoral nerve block
approaches with a paresthesia technique and nerve
stimulating technique.?8 They reported a 100% suc-
cess rate of femoral nerve blockade with all tech-
niques. The lateral femoral cutaneous nerve success
rate was 85% to 95%. The obturator nerve, as
assessed by thigh adduction, was blocked 100% of
the time with the posterior approaches and never
with the anterior approaches. Limitations of this
report include lack of details regarding the type of
nerve stimulation, the small sample size, and exclu-
sion of patients in whom femoral nerve block failed
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to develop. A more recent comparison has been
made between psoas compartment blocks and fem-
oral nerve blocks.”2 In this study, patients receiving
a psoas compartment block developed a sensory
block of the femoral, lateral femoral cutaneous, and
obturator nerves in 100%, 97%, and 77% of pa-
tients versus 93%, 63%, and 47% of the patients
receiving a femoral nerve block.

Femoral Nerve Block Versus Fascia Iliacus Block

Direct comparisons of the extent of blockade be-
tween the fascia iliacus block and femoral nerve
block has been done in both adults and children. In
adults, the fascia iliaca block, performed with the
double-pop technique, provided faster onset and a
higher rate of lateral femoral cutaneous nerve block
compared with femoral nerve blocks performed
with a nerve stimulator.”> Both techniques provide
adequate postoperative analgesia.”’* In children, the
fascia iliaca block is more likely to block the lateral
femoral cutaneous nerve compared with a femoral
nerve block.>* However, the duration of analgesia
from these single-injection techniques was some-
what shorter in the fascia iliaca group. The authors
speculated this was related to greater spread of the
local anesthetic.

A single study directly comparing continuous fas-
cia iliacus blocks to continuous femoral nerve
blocks has been reported.”> Again, the degree of
analgesia was highly correlated with catheter posi-
tioning. Overall, there was a greater degree of
blockade of the lateral femoral cutaneous nerve in
the fascia iliacus group and a greater likelihood of
blocking the obturator nerve in the femoral group.

Continuous Psoas Compartment Blocks Versus
Epidural Analgesia

Advantages of continuous psoas compartment
block compared with epidural block include unilat-
eral analgesia and motor block, lack of impairment
of bladder function, and improved risk/benefit ratio
in patients anticoagulated after surgery. These ad-
vantages must be weighed against the disadvan-
tages of incomplete blockade for anesthesia and the
need for supplementation in a balanced analgesic
regimen for effective analgesia.

Turker and coworkers!” compared continuous
psoas compartment block with epidural block for
analgesia after THA under combined general/re-
gional technique. They showed that continuous
psoas compartment block provided excellent intra-
and postoperative analgesia with a low incidence of
complications.'” Epidural block took longer to per-
form and had a significantly higher incidence of
hypotension, whereas analgesia and patient satis-
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faction provided by the 2 blocks was similar. Epi-
dural block also provided more motor blockade,
longer time to ambulation, and significantly more
complications.

Continuous Psoas Compartment Blocks
Versus Continuous Femoral Blocks. After
TKA, continuous femoral nerve block and contin-
uous psoas compartment block reduce narcotic con-
sumption and pain scores compared to intravenous
morphine usage alone.*#4>75 However, no differ-
ences in outcome were observed between the 2
peripheral nerve block groups despite a more con-
sistent presence of obturator nerve block in the
psoas compartment group.”’

Nerve Blocks of the Sacral Plexus
Parasacral Block

The parasacral nerve block (PSNB) described by
Mansour?¢ in 1993 has been described as more than
an isolated sciatic nerve block.”? It has been used to
provide analgesia following major foot and ankle re-
construction. Parasacral block will consistently block
both components of the sciatic nerve and the poste-
rior cutaneous nerve of the thigh. Spread of local
anesthetic may also anesthetize other branches of the
sacral plexus including the superior and inferior glu-
teal and pudendal nerves. The pelvic splanchnic
nerves (S2-S4), the terminal portion of the sympa-
thetic trunk, the inferior hypogastric plexus, and the
obturator nerve all lie in close proximity to the ele-
ments of the sacral plexus and may all be anesthetized
with this approach. For procedures about the knee,
this may provide an advantage over more distal ap-
proaches to the sciatic nerve.””.7¢ For procedures be-
low the knee, the adductor weakness from the obtu-
rator and superior gluteal nerve block may actually be
disadvantageous for mobilization of the patient. The
sympathetic nerve supply to the bladder is also in
close proximity but problems with voiding and the
need for bladder catheterization after PSNB have not
been reported.”” A notable difference from other ap-
proaches to the sciatic nerve is the type of muscle
response deemed acceptable as an endpoint for injec-
tion. Mansour’¢ described contraction of the ham-
string muscles (biceps femoris, semitendinous) above
the knee as the endpoint for PSNB with most consis-
tent success.

Continuous Parasacral Blocks

Continuous parasacral blocks have been used in
combination with lumbar plexus block to provide
lower extremity anesthesia for TKA, above the knee
amputation, ACL repair, and a variety of other lower-
extremity procedures.”® Gaertner reported successful
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Table 4. Sciatic Nerve Block Approaches, Nerve Stimulating Current And Block Success

Number of Recommended Minimal Stimulating
Approach, Author Patients Current and lts Pulse Width Success Rate

At the level of the sciatic notch

Parasacral, Morris?? 30 = 0.2 mA; 100 usec pulse width 97%
At the level of the ischial spine

Labat, di Benedetto%4 135 < 0.5 mA; 100 usec pulse width 98%

Trans-rectal, Chang84 40 = 0.4 mA; 200 usec pulse width 92.5% (cross-over design)*
At the level of the ischial tuberosity

Lithotomy Not reported

Posterior, Sutherland''5 76 0.3-0.5 mA; 100 wsec pulse width 95%
At the level of the upper thigh

Posterior Subgluteus, di Benedetto''3 64 < 0.5 mA; 100 usec pulse width 94%

Anterior, Chelly8® 22 < 0.7 mA; 100 usec pulse width 100%

Lateral, Guardinig2 > 100 Not reported = 94%

*Failures in this study were due to the inability to obtain this endpoint or to technical factors (e.g., patient movement and abandonment

of the block [12%]) rather than to the failure of the endpoint itself.

catheter placement, as confirmed by radiographic
contrast dye in 86 of 87 consecutive patients under-
going lower-extremity surgery, using a nonstimulat-
ing catheter. All patients developed analgesia in the
distribution of the tibial, peroneal, and posterior cu-
taneous nerve of thigh.

Sciatic Nerve Block: At the Level of the Gluteus
Maximus

The sciatic nerve, the largest nerve derived from
the sacral plexus, innervates the posterior thigh and
almost the entire leg below the knee. The most
common indications for sciatic nerve block are an-
esthesia and analgesia for foot and ankle surgery.
There are a variety of approaches to the sciatic
nerve block and their success rate is widely variable,
ranging from 33% to 95%.79-82

Gaston Labat?? first described, at the beginning of
the 20th century, the sciatic nerve block that is now
referred to as the Classic Approach of Labat. This
approach is based on the bony relationship of the
posterior superior iliac spine and the greater tro-
chanter with the patient positioned in a modified
Sims position. Winnie?® was the first to modify the
original description, adding in an additional land-
mark, the sacral hiatus to greater trochanter dis-
tance, to more precisely account for varying body
habituses (Table 4). Difficulty identifying these
landmarks led Chang and colleagues®* to describe a
transrectal method of identifying the ischial spine.

Franco®> described a simple approach to the sci-
atic nerve block in the prone position. The needle
entry site is perpendicular to the floor 10-cm lateral
from the middle of the intragluteal sulcus regardless
of the patient’s gender or body mass index. The
sciatic nerve was found by trainees in =3 passes in
85% of the cases reported. Whether the success of
this simple approach will be replicated in a larger
sample size remains to be seen.

Subgluteal Approaches to the Sciatic Nerve

Raj et al.8° described a supine approach to the
sciatic nerve in the flexed hip position, initiating the
block at the midpoint between the greater trochan-
ter of the femur and the ischial tuberosity. The
positioning of the patient was thought to be advan-
tageous compared to the classic approach of Labat
by “thinning the gluteus maximus muscles, making
the sciatic nerve more superficial.” However, iden-
tifying these bony landmarks in very obese patients
is sometimes difficult and the patient position re-
quires additional personnel to maintain.

A lateral subgluteal approach to the sciatic nerve
using the greater trochanter of the femur as a land-
mark was first described by Ichniyanagi in 1959.8¢
Other investigators have described a high success
rate using this high lateral approach with a slightly
more caudal entry point.82 Notably, when using this
approach the success rate of the blockade of the
posterior cutaneous nerve of the thigh was 83%.
Although theoretically the posterior cutaneous
nerve should reliably be blocked in most proximal
approaches to the sciatic nerve, the success rate of
blockade is not usually reported.

The anterior approach to the sciatic nerve has the
appeal of supine positioning and a single prep of the
patient for combined femoral and sciatic nerve
blocks. Its popularity had long been limited by its
low success rate and relatively painful use of the
femur as a deep landmark.87-88 Chelly and Delau-
nay®® described a nerve stimulating technique po-
sitioning the needle at the level of the lesser tro-
chanter as originally described by Beck. Vloka et
al.?¢ described the importance of internal rotation
of the leg if the path to the sciatic nerve is ob-
structed by the lesser trochanter. A magnetic reso-
nance imaging study of the anatomy of this area
found that in 65% of patients the sciatic nerve is
inaccessible from the anterior approach at the level
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of the lesser trochanter.®! These authors suggested
needle placement 4 centimeters lower where ob-
struction to the sciatic nerve occurred in only 5% of
the patients.

Dalens et al.2 has compared the success rate of
the posterior, lateral, and anterior approaches to
the sciatic nerve in children. Although they had a
success rate of 90% with all approaches, the au-
thors reported fewer manipulations were required
to perform either a lateral or posterior approach
compared with the anterior approach. Recently,
Chowdary and Splinter®> reported on a medial ap-
proach to the sciatic nerve at the level of the lesser
trochanter in only 10 children. Advantages of this
approach are the lack of obstruction from the femur
and no muscle mass to transverse. The authors
reported a 70% rate of blockade of the posterior
cutaneous nerve of the thigh with this medial ap-
proach.

di Bendetto et al.®* described their experience in
135 consecutive patients using a posterior subglu-
teal approach to the sciatic nerve. The time to per-
form the block was 41 *= 25 seconds (mean = SD),
with an average of 2 needle redirections. The de-
gree of discomfort reported was very low and only
16 patients (12%) reported severe pain during
placement of the block. In contrast to this, Fanelli et
al.?> reported patient discomfort in 88% of patients
receiving a classic Labat approach to the sciatic
nerve.

Sciatic Nerve Block at the Level of the Popliteal
Fossa

Popliteal fossa block is chiefly used for foot and
ankle surgery.”¢-*8 Short saphenous vein stripping
may also be performed under combined popliteal
and posterior cutaneous nerve block.?® The block
has also been successfully used in the pediatric pop-
ulation.100 Popliteal fossa block anesthetizes the en-
tire leg below the tibial plateau save the skin of
medial aspect of the calf and foot (i.e., saphenous
nerve distribution). Potential advantages of popli-
teal block over ankle block are improved calf tour-
niquet tolerance and immobile foot. The compo-
nents of the sciatic nerve may be blocked at the
level of the popliteal fossa via posterior or lateral
approaches. Patient positioning—prone, lateral (op-
erative side nondependent), or supine (with leg
flexed at the hip and knee)—may determine the
optimal approach for an individual patient.!°! Con-
tinuous techniques have been described using both
the posterior'02-104 and lateral'®> approaches.

The classic posterior approach to the popliteal
fossa is accomplished with the patient positioned
prone (Fig 7). Traditionally, the sciatic nerve is lo-
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cated 5 cm above the popliteal crease.”s However,
to block the sciatic nerve before its division, a 7- to
10-cm distance has been recommended.®7-98.106-108
With a large-volume single-injection technique, in-
version is the motor response that best predicts
complete neural block of the foot.19° A lateral ap-
proach to blockade of the sciatic nerve in the pop-
liteal fossa has been described.!!0-112 Because the
common peroneal nerve is located more superfi-
cially than the tibial nerve, the stimulating needle
encounters it first (Fig 8).

Success rate with all approaches is typically 90%
to 95%, with approximately 5% of patients requir-
ing supplemental general anesthesia. It is believed
that incomplete block is the result of poor diffusion
(because of the size of the sciatic nerve), the sepa-
rate fascial coverings of the tibial and peroneal
nerves, or blockade of only a single component of
the sciatic nerve. This has led some practitioners to
endorse the practice of dual stimulation to improve
success rate!10 (see Multistimulation versus single-
stimulation techniques).

Continuous Sciatic Nerve Blocks

Continuous sciatic nerve blockade can theoret-
ically be achieved at any place along the course of
the sciatic nerve. These blocks have been used for
analgesia after major foot and ankle reconstruc-
tion, ankle fracture fixation, and below the knee
amputation.102,103.113-115  Geyeral studies have
been published on the use of continuous popliteal
blocks for analgesia after extensive foot and ankle
surgery.102-104 A]l studies reported excellent an-
algesia with few side effects. Compared with in-
travenous analgesia or placebo infusion, a contin-
uous infusion of local anesthetic via a popliteal
catheter reduces pain scores and opioid consump-
tion, and decreases sleep disturbances.102.103 Suc-
cessful catheter placement has been reported
with both lateral and posterior approaches. The
only consistent problem reported with popliteal
catheters is a high incidence (15%-25%) of kink-
ing or dislodgement.102.103

di Benedetto et al.''> compared the subgluteal
approach to the posterior popliteal approach for
continuous infusions in a prospective study. In the
24-hour observation period after surgery, 13.3% of
the catheters in the popliteal group were either
occluded or dislodged compared with 6.6% of the
catheters in the subgluteal group. This difference
did not reach statistical difference.

Ankle and Foot Block

Indications for blockade of the terminal nerves of
the lumbosacral plexus distally, at the ankle and
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midtarsal levels, include anesthesia for surgery to
the foot.116:117 Diagnostic block has also been de-
scribed.!'® The peripheral nerves blocked at these
levels are terminal branches of both the sciatic (pos-
terior tibial, superficial peroneal, deep peroneal,
and sural) and femoral (saphenous) nerves.

The 5 peripheral nerves that supply the foot are
relatively easy to block at the ankle (Fig 9). There
are no important variants in the innervation of the
distal musculature. However, there is considerable
variation in the branching and distribution of the
sensory nerves of the foot. For this reason, blockade
of all 5 nerves has been advocated.!!® Neural block-
ade of the posterior tibial nerve has been described
at the supramalleolar,'1?-12! midmalleolar,''¢ sub-
calcaneal, 22123 gnd midtarsall24 levels with no ev-
idence of superiority of any technique.

Few studies evaluating perioperative outcomes
with ankle block exist,'2> although the technique
has been performed for decades.’> Rather, most
publications describe variations to improve success
rate. Peak blood levels of local anesthetic occur
around 90 minutes after blockade and are very low
even after bilateral ankle block.12¢

Intravenous Regional Anesthesia of the Lower
Extremity

Intravenous regional anesthesia (IVRA) may be
used for foot, ankle, and knee surgery lasting up to
1 hour.’?7 It may also be used for treatment of
complex regional pain syndrome in the lower
limb.128 In a questionnaire survey,!?° most re-
sponding anesthesiologists (>80%) acknowledge
that lower limb IVRA is seldom performed for sur-
gical anesthesia because of a lack of clinical experi-
ence. Other reasons for its lack of popularity include
difficulty in locating veins in the foot or ankle, thigh
tourniquet pain, and perceived requirement of a
larger, potentially unsafe, local anesthetic dose than
for upper limb IVRA.

The technique for lower limb IVRA involves ap-
plication of a double pneumatic thigh cuff after
proper padding and establishment of a venous ac-
cess on the dorsum of the foot or around the ankle
with a 20- to 22-G cannula. The greater saphenous
vein is often the most suitable vein. After limb
elevation for several minutes and exsanguination
with an Esmarch bandage, the proximal tourniquet
is inflated to 100 mm Hg above the limb occlusion
pressure (min 300 mm Hg). Most commonly, lido-
caine 0.25% is injected to a maximum of 3 mg/kg
over several minutes. This yields a large injected
volume of up to 1.2 mL/kg (e.g., 84 mL for a 70-kg
subject).127.130 The recommended inflation time is
20 minutes minimum and 90 minutes maximum.

Alternatively, a calf tourniquet can be used for
foot and ankle surgery.!?! In this case, a single cuff
is applied at least 3 inches below the head of fibula
to avoid common peroneal nerve injury. A proxi-
mal “back up” cuff is placed on the thigh in case of
drug leakage. A double cuff in the calf is generally
not advisable because tapering calf curvature pre-
vents a firm fit and risks accidental cuff slippage.
Clinical experience suggests that lidocaine 0.5% up
to 3 mg/kg and 0.6 mL/kg provides consistent sur-
gical anesthesia within 10 minutes

An intercuff IVRA technique has been described
for knee arthroscopy achieved successfully with 40
mL lidocaine 0.5%.132 This technique involves in-
flation of a double-cuffed tourniquet in the thigh
after exsanguination, injection of local anesthetic
through a foot cannula, then application of a single
cuff in the calf, and re-exsanguination of the foot
before inflation of the calf tourniquet. This tech-
nique allows surgical anesthesia to be most concen-
trated around the knee joint. At the end of surgery,
the calf cuff is deflated first, allowing residual local
anesthetic to empty into the foot before release of
the proximal thigh cuff.

Comparisons Between Approaches to
the Sacral Plexus

PSNB Versus Classic Sciatic Nerve Block

Cuvillon et al.’?? reported on 150 patients pre-
senting for lower-extremity surgery using PNB. For
the sciatic component of their anesthetic, the pa-
tients were randomized to receive a PSNB, a single-
injection sciatic nerve block as described by Winnie,
or a double-injection sciatic nerve block as de-
scribed by Winnie. The onset time and success rate
were similar in the PSNB and double-injection
groups and were superior to the single-injection
group in this report (Fig 12). The authors attributed
this high rate of success with the PSNB to its prox-
imal location with the potential for blockade of
additional branches of the sacral plexus, although
this was not evaluated in the study design.

Sciatic Block at the Gluteus Maximus Versus
Sciatic Block at the Popliteal Fossa

Kilpatrick et al.!?#+ compared the classic sciatic
block with popliteal fossa block in patients under-
going foot surgery. All blocks were performed using
a nerve stimulator technique. Popliteal fossa blocks
were less painful because the sciatic nerve is no
longer covered by thick musculature at this level.
However, the success rate was lower with the pop-
liteal approach (45%) than with the classic (95%).
Using more modern techniques, a comparison of
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classic, subgluteal, and lateral popliteal approaches
showed similar success rates (96%, 92%, and 96 %
respectively) but slower onset time for the lateral
popliteal group compared with the more proximal
approaches.'*> This difference was attributed to the
greater distance separating the components of the
sciatic nerve as it traverses through the popliteal
fossa.

Posterior Versus Lateral Approaches to the
Sciatic Nerve Block at the Popliteal Fossa

Hadzic and Vloka'*¢ evaluated the ease of perfor-
mance and efficacy of the lateral and posterior ap-
proaches to the sciatic nerve in the popliteal fossa. All
blocks were performed using a single-stimulation
nerve stimulator technique. Either a tibial or common
peroneal response was accepted. Onset and quality of
block was comparable; there was no difference in the
success rate between the 2 groups. However, time to
complete the block was slightly longer with the lateral
approach (mean, 8 minutes; range, 1-17 minutes)
compared with the posterior approach (mean, 6 min-
utes; range, 1-16 minutes).

Popliteal Fossa Block Versus Subcutaneous
Infiltration After Foot Surgery

McLeod et al.'>” prospectively evaluated the use
of popliteal fossa block using the lateral approach
and subcutaneous wound infiltration in providing
postoperative analgesia for ambulatory foot sur-
gery. All blocks were performed after induction of
general anesthesia. In both groups, the local anes-
thetic consisted of 20 mL 0.5% bupivacaine. There
was no difference in the pain scores in the recovery
room or at the time of hospital dismissal. However,
during the first 24 hours postoperatively, only 14%
of patients in the popliteal fossa block rated their
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pain as severe, whereas 60% of patients with sub-
cutaneous infiltration complained of severe pain.
The duration of analgesia was also significantly
longer in the popliteal fossa group, 18 hours com-
pared with 6 hours. The authors concluded that
popliteal fossa block provided effective analgesia
and was associated with a high level of patient
satisfaction. A recent review also recommended
popliteal fossa block as the technique of choice in
patients undergoing major foot or ankle surgery.!38

Comparisons of Nerve Localization
Techniques

Nerve Stimulation Versus Paresthesia
Techniques for Lower-Extremity PNB

There are few studies directly comparing success
rate with paresthesia techniques versus peripheral
nerve stimulation (PNS) techniques in lower-ex-
tremity PNBs. However, PNS provides a success rate
comparable to earlier reports of paresthesia tech-
niques.2851.139-143 In addition, it may improve pa-
tient comfort during block performance. However,
its biggest advantage may be the redirection cues
that are provided to the operator.

Redirection Cues

Lower-extremity PNBs generally tend to be
deeper blocks than most approaches to the brachial
plexus. Perhaps one of the most compelling reasons
for using PNS during lower-extremity PNB is the
valuable “redirection cues” obtained during initial
unsuccessful passes of the needle. For example,
when performing a sciatic nerve block in the gluteal
region, one may observe knee flexion as a result of
stimulation of the superior gluteal nerve. This likely
indicates that the needle is posterior, lateral, and
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cephalad to the sciatic nerve and should be reposi-
tioned appropriately. Tables 1 and 2 list motor re-
sponses to nerve stimulation for all the muscles
innervated by the lumbosacral plexi. These motor
responses can be used as guides for redirection cues.

Multistimulation Versus Single-Stimulation
Techniques

Multiple-stimulation techniques by definition re-
quire individual stimulation of each component of a
peripheral nerve with deposition of a small volume
of local anesthetic at each site. For instance, during
performance of a sciatic block a peroneal motor
response is elicited first and a small volume of local
anesthetic is deposited. The needle is then redi-
rected medially to obtain a tibial nerve motor re-
sponse with subsequent deposition of additional
local anesthetic. Whether the search for individual
components of a PNB versus identification of a sin-
gle component will become the norm for PNB is not
clear. Advocates of multiple-stimulation techniques
believe the technique increases the success rate and
allows an injection of a smaller volume of local
anesthetic. Advocates of single injection techniques
believe multistimulation and injection techniques
may add risk of nerve injury during redirection of
the needle through partially anesthetized nerves.

Several studies have supported the clinical utility
of multiple-stimulation technique. Paqueron et
al.110 compared the block characteristics in patients
undergoing popliteal fossa block with the lateral
approach using either a single injection (inversion
response) or a double injection (both common per-
oneal and tibial components identified). A total of
20 mL local anesthetic was injected. Double stimu-
lation was associated with a higher success rate
than single stimulation, 88% versus 54%, respec-
tively. The onset time of complete sensory block
was also reduced with the double-stimulation tech-
nique. Similar results were reported for multiple-
stimulation sciatic nerve blocks by other investiga-
tors.1#4145 No neurologic complications have been
reported in any of these studies.!10.144.145

Casati et al.’#¢ showed that a lower volume of
local anesthetic could be used for femoral nerve
block when comparing multi-injection technique to
single injection in a prospective randomized and
blinded study. In this study, multiple stimulation of
the femoral nerve involved injecting on each of 3
stimulations, the vastus medialis, vastus interme-
dius, and vastus lateralis, compared with a single
injection on a vastus intermedius stimulation. Using
a staircase method to determine the volume of local
anesthetic required to produce a sensory and motor
block within 20 minutes, the authors found a 27 %

reduction in volume in the multistimulation group.
Whether this difference in volume (total of 9 mL)
will improve safety is unknown.

In each of these reports the issue of safety,
specifically the risk of nerve injury, when using a
multistimulation injection technique has been
raised. There were no reported nerve injuries in
these studies performed by experienced regional
anesthesiologists. This is in agreement with the
large cohort of patients studied by Fanelli et al.®>
using multistimulation techniques in over 2,000
patients with no nerve injury attributed to nerve
block. However, nerve injury is a rare event after
PNB and even in a study of this size may not have
a large enough sample size to determine the rel-
ative risk of multiple versus single injection tech-
niques.

Imaging Aids

Several investigators have examined the use of
imaging technology to improve localization of both
the lumbar plexus and the femoral nerve. Kirch-
mair and colleagues'#” showed the usefulness of
ultrasound in localizing the psoas major using a
curved array transducer at low (4-5 MHz) fre-
quency. The location of the lumbar plexus is then
inferred. It is not possible to distinguish peripheral
nerves from tendon fibers with the ultrasound tech-
nology currently commercially available. The main
limitations to visualization in this volunteer study
were obesity and occasional high riding iliac crests
in male patients. In a follow-up study, ultrasound
guidance was used to place needles in the lumbar
plexus of cadaveric specimens.!'*® CT scan verified
the accuracy of needle placement in all cases. Of the
60 attempts the psoas major was visualized in 48
specimens and the needle successfully placed in 47.
Again obesity, spinal deformities, and conditions
related to embalming of the cadavers were the main
limitations for use of this technique.

Marhofer et al.’#° compared the use of ultrasound
guidance to nerve stimulation during femoral nerve
blocks. These investigators found that ultrasound
guidance was superior to nerve stimulation because it
allowed the use of a smaller volume of local anesthetic
and shorter latency period. The authors attributed this
difference to the ability to visualize the administration
of the local anesthetic during injection. They used
ultrasound to reposition the needle when the local
anesthetic spread out of the fascial plane and away
from the nerve.'#*150 It should be noted that ultra-
sound failed to identify the femoral nerve in a small
number of patients in each of these studies.
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Local Anesthetic Choices and Dosing of
Lower-Extremity PNB

Pharmacologic Considerations

Selection of a local anesthetic solution for lower-
extremity blocks differs somewhat from that of upper-
extremity approaches because of the indications and
applications of each. For example, upper-extremity
blocks are commonly performed as the intraoperative
anesthetic. In addition, pain after surgery to the upper
extremity may not be as severe or protracted. As a
result, intermediate-acting local anesthetics and local
anesthetic mixtures are frequently selected for sur-
gery to the arm.!>! These principles may not apply to
lower-extremity surgery in which peripheral block-
ade is often supplemented with a neuraxial or general
anesthetic intraoperatively, and the need for sus-
tained postoperative analgesia is achieved with long-
acting amides administered either as single injections
or continuous infusions. Finally, although the use of
adjuvants such as clonidine, opioids, and ketorolac is
common during lower-extremity peripheral tech-
niques, their efficacy in improving the quality or du-
ration of blockade has not been consistently shown.

Local Anesthetic Selection. Few randomized stud-
ies have compared local anesthetics for lower-ex-
tremity block. Fanelli et al.!>2 evaluated the onset
and duration of combined femoral-sciatic block per-
formed with 0.75% ropivacaine, 0.5% bupivacaine,
or 2% mepivacaine. Ropivacaine had an onset sim-
ilar to that of mepivacaine but with a duration of
analgesia between that of bupivacaine and mepiva-
caine. Connelly et al.'*? reported no significant clin-
ical differences between 0.75% ropivacaine and
0.5% bupivacaine for sciatic nerve blockade. When
equipotent (rather than equivalent) concentrations
were compared, onset times for the 2 local anes-
thetics showed no differences in onset times for
sensory and motor block. However, the times to
block regression and first analgesia were slightly
longer with bupivacaine.!># In a single comparative
study of sciatic block, levobupivacaine has block
characteristics similar to ropivacaine.!%>

Epinephrine. Epinephrine prolongs the duration
and quality of most local anesthetics used for lower-
extremity peripheral block. The effects are the result
of vasoconstriction of the perineural vessels, which
decreases uptake and thereby increases the neural
exposure to the local anesthetic. However, the differ-
ence is only somewhat dose dependent. The addition
of epinephrine 5 ug/mL (1:200,000 dilution) signifi-
cantly increases the duration of lidocaine from 186
minutes to 264 minutes. Although epinephrine 2.5
pg/mL (1:400,000 dilution) prolongs the block to
nearly the same extent (240 minutes), it has no effect
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on nerve blood flow.!>¢ The addition of epinephrine
to local anesthetics with vasoconstrictive properties,
such as ropivacaine, may not increase block duration
but would still facilitate detection of intravascular in-
jection.'>” The decision to add epinephrine (and the
dose of epinephrine) is based on the concerns related
to cardiac or neural ischemia versus the ability to
discern an intravascular injection. In general, because
seizures related to intravascular injection were highest
in patients undergoing peripheral nerve block,!>¢ the
benefits of adding epinephrine outweigh the risks.
However, the nearly equivalent effects on block qual-
ity and duration reported with epinephrine 2.5 versus
5.0 ug/mL suggest that the lower concentration is
optimal, particularly in patients theoretically at risk
for nerve injury (diabetics, patients with chemother-
apy-induced neuropathy).1%6

Bicarbonate. The addition of bicarbonate has been
recommended to increase the speed of onset of pe-
ripheral and plexus blockade. However, most studies
that have shown statistically significant differences
used commercially prepared epinephrine-containing
solutions of local anesthetics (which have a much
lower pH due to the addition of antioxidants) com-
pared with plain local anesthetic solutions. A recent
review of the literature involving brachial plexus
block concluded that there was little reason to add
sodium bicarbonate with plain local anesthetics or
those with freshly added epinephrine.!'>! These results
were substantiated in a study by Candido et al.,'>°
which reported no difference in the onset or duration
of combined lumbar plexus-sciatic block in patients
that received 0.5% bupivacaine with alkalinization
compared with those who received a non-alkalinized
solution.

Clonidine. Clonidine has been extensively inves-
tigated as an adjuvant for brachial plexus block.
Prolongation of analgesia after the addition of
clonidine is most likely peripherally mediated and
dose dependent. During intravenous regional anes-
thesia, clonidine 150 pg may improve tourniquet
tolerance.¢° Side effects such as hypotension, bra-
dycardia, and sedation do not occur with a dose less
than 1.5 pg/kg or a maximum dose of 150 ug.
Clonidine as an adjuvant for lower-extremity block
is much less defined. The limited data for lower-
extremity techniques validates those of previous
upper-extremity reviews.'61.162 The results are most
notable with intermediate-acting agents.!¢2 A single
study has compared the effect of lower-extremity
peripheral block with/without clonidine. Casati et
al.’¢! reported the addition of clonidine 1 pg/kg to
0.75% ropivacaine for patients undergoing foot
surgery under sciatic-femoral block prolonged the
time to first analgesia from 13.5 to 16.8 hours.
Clonidine is often a component of lumbar plexus or
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sciatic continuous infusions after hip, knee, or foot
surgery.*>47.102 However, the efficacy has not been
established. A single study involving a continuous
brachial plexus infusion of ropivacaine with or
without clonidine failed to show a clinically signif-
icant effect.163

Opioids

To date, there are no comparative studies evalu-
ating the effect of opioids as adjuvants to lower-
extremity single-dose or continuous techniques.
Despite this lack of data, opioids, including mor-
phine, sufentanil, and fentanyl, are often added to
lumbar plexus infusions.*>47 Investigations involv-
ing the brachial plexus report no difference in block
onset, quality, or duration when opioids are added
to the local anesthetic solution. A recent review
concluded that the role of opioids in peripheral
nerve block is not clinically relevant.!5!

Other Adjuvants

Most studies investigating adjuvants such as
neostigmine, hyaluronidase, and tramadol involve
upper-extremity blocks.!>! A single study evaluat-
ing the efficacy of nonsteroidal antiinflammatory
drugs as adjuvants reported that the addition of
ketorolac to lidocaine for ankle block resulted in
longer duration and improved analgesia after foot
surgery compared with intravenously administered
ketorolac.164

In summary, selection of a local anesthetic solu-
tion for lower-extremity peripheral blockade re-
quires thoughtful consideration and is based on the
duration of surgery, analgesic requirements, and
anticipated rehabilitative efforts. The lowest effec-
tive dose and concentration should be used to min-
imize local anesthetic systemic and neural toxicity.
Likewise, the addition of 1:200,000 or 1:400,000
epinephrine is recommended to facilitate detection
of intravascular injection, as well as decrease local
anesthetic levels. The role of other adjuvants is less
defined; additional studies are required to deter-
mine the efficacy of clonidine, opioids, tramadol,
and nonsteroidal antiinflammatory drugs in single-
dose or continuous lower-extremity techniques.

Complications of Lower-Extremity
Peripheral Nerve Blocks

Complications associated with peripheral nerve
blockade are not common. Auroy and colleagues!>8
prospectively evaluated serious complications after
21,278 PNBs in a 5-month period in France. Using
a 95% confidence interval, they estimated the po-
tential for serious complications per 10,000 PNBs to

be 0 to 2.6 deaths, 0.3 to 4.1 cardiac arrests, 0.5 to
4.8 neurologic injuries, and 3.9 to 11.2 seizures.
There is a paucity of reports of complications spe-
cifically associated with lower-extremity PNBs as
compared with upper-extremity PNBs. This is most
likely related to their less common application
rather than to inherent safety of the techniques.

Local Anesthetic Systemic Toxicity. The
potential for systemic local anesthetic toxicity would
seem to be very high for lower-extremity PNBs. Rel-
atively large doses of local anesthetic are used for
combined femoral and sciatic nerve blocks to anesthe-
tize the entire lower extremity. However, there are
only a few case reports of local anesthetic toxicity
associated with lower-extremity PNBs. For instance,
in Fanelli and colleagues’ series of 2,175 patients un-
dergoing femoral sciatic combined blocks, there were
no systemic adverse local anesthetic reactions report-
ed.”> The apparent margin of safety seems to vary
with individual block techniques. For instance, there
are no case reports of toxicity after popliteal sciatic
blockade, whereas there are several case reports of
severe toxicity following lumbar plexus and proximal
sciatic blocks.165-1¢2 Anatomic differences in the anat-
omy, primarily in the vascularity and presence of deep
muscle beds in the area of blockade, are the most
likely explanation for this discrepancy. Severe toxic
reactions typically occur during the injection or im-
mediately thereafter. This suggests that the mecha-
nism of these events is commonly an unintentional
intravascular injection of local anesthetic into the cir-
culation, rather than absorption.>170-173 A forceful,
rapid injection of local anesthetic carries a much
higher risk of local anesthetic toxicity than a slow,
gentle injection.!”# This is because the mean dose of
local anesthetic that elicits the signs of central nervous
system toxicity is much less during rapid intravascular
injection as compared with that associated with
slower absorption after appropriate deposition. After a
lower-extremity peripheral nerve block, local anes-
thetic levels peak at approximately 60 minutes after
deposition!70172173 (Fig 13). Perhaps this slow time to
peak blood levels offers an explanation for the low
incidence of toxic complications associated with ab-
sorption. Important measures to decrease the risk of
severe toxicity include the use of epinephrine as an
intravascular marker, slow methodical injection while
avoiding high-injection pressure, frequent aspiration,
constant assessment of the patient and vital signs, and
prudent selection of local anesthetic concentration
and volume.

Proximal Spread (Neuraxial Block). A po-
tential needle misadventure of proximal peripheral
nerve blocks is intrafascicular spread of the local
anesthetic proximally toward the spinal cord, re-
sulting in neuraxial blockade.2¢.30:175-177 This is a
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Fig 13. Local anesthetic levels following psoas or com-
bined psoas/sciatic nerve blocks. Note the local anesthetic
levels peak at approximately 60 minutes. Mepi, mepiva-
caine; epi, epinephrine; lido, lidocaine; bupi, bupivacaine.
(Data from Farney et al.,> Odoom et al.,'79, and Simon et
al.173)

particular concern with block techniques that in-
volve needle placement at the level of the nerve
roots or spinal nerves, such as paravertebral, and
psoas compartment block. Forceful, fast injections
within the dural cuffs or perineurium can result in
unintentional spinal or epidural anesthesia.!”>

In their large series of severe complications
associated with regional anesthesia, Auroy and
colleagues'¢s found the posterior approach to the
lumbar plexus to have the highest incidence of
complications of the lower extremity PNBs. With
only 394 posterior lumbar plexus blocks reported,
there were 5 serious complications in this cohort.
Three of these complications, 1 cardiac arrest and
2 respiratory arrests, were directly attributed to
central placement or diffusion of the local anes-
thetic to the epidural or intrathecal space.l¢>
Their recommendation was to manage this block
with the same degree of vigilance as for a
neuraxial block.

Hemorrhagic Complications. Several ap-
proaches for PNBs of the lower extremity involve
deep needle penetration. These approaches include
the psoas compartment approach to the lumbar
plexus, the obturator nerve block, and the parasa-
cral and classical approaches to the sciatic nerve.
Despite the proximity of these deep nerves to vas-
cular and hollow viscous structures, there are rela-
tively few reports of needle misadventures.

Vascular puncture during femoral nerve block
placement has been reported to be as frequent as
5.6%.17% However, few complications were re-
ported after unintentional vascular puncture during
femoral nerve block.'7? Kent et al.!8° reported a
0.2% (20/9,585) incidence of neuropathy after car-
diac catheterization. Sixteen of these patients de-
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veloped neuropathies from large retroperitoneal
hematomas. Twenty percent of these patients had
persistent, mild sensory, or motor neuropathy at
long-term follow-up. The other 4 patients had groin
hematomas. In all of these patients, the neuropathy
resolved.

Retroperitoneal hematoma formation after psoas
compartment block has been reported by several
investigators.2181.182 To reach the lumbar plexus,
the needle must transverse multiple muscle and
other tissue layers.'8> The combination of its deep
location and inability to apply pressure after an
inadvertent puncture of deeply situated blood ves-
sels supplying the local muscles and other struc-
tures may make this block less suitable in the set-
ting of anticoagulation as compared with other
more superficial lower extremity nerve blocks.
Conservative management of retroperitoneal he-
matoma is recommended unless the patient devel-
ops hypotension unresponsive to volume resuscita-
tiOn.181'184

Infectious Complications. There are no case
reports of infection after single-injection, lower-ex-
tremity PNBs. Cuvillon et al.'78 reported on the inci-
dence of bacterial complications associated with the
use of continuous femoral nerve blocks. In their co-
hort of 208 patients, 57% had positive bacterial colo-
nization of the catheter at 48 hours postoperatively.
Three patients had transitory symptoms of bacteremia
that resolved with removal of the catheter. There
were no long-term sequelae related to these positive
catheter cultures. Two case reports of psoas abscess
requiring drainage and intravenous antibiotic therapy
has been reported in patients who received a contin-
uous femoral nerve block.185.186

Neurologic Complications

Although there are relatively few published re-
ports of anesthesia-related nerve injury associated
with the use of PNBs,®5158.165 jt is likely that the
incidence is underestimated. The less frequent clin-
ical application of lower-extremity nerve blocks
may be the main reason that there are even fewer
reports of anesthesia-related nerve injury associ-
ated with lower-extremity PNBs as compared with
upper-extremity PNBs.187

Neurologic complications after lower-extremity
PNB can be related to a variety of factors related to
the block including needle trauma, intraneuronal
injection, and neuronal ischemia. However, a
search for other causes should include surgical fac-
tors such as positioning, retractor injury, and he-
matoma formation. In many instances, the neuro-
logic injury may be a result of a combination of
these factors.
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Fig 14. Organization of a peripheral nerve: 1, nerve fas-
cicle with endoneurium; 2, epineural sheath enveloping
the bundle of fascicles; 3, connective tissue inside the
epineural sheath; 4, epineural blood vessels; 5, neighbor-
ing vasculature.

Peripheral Nerves: Functional Anatomy and
Mechanisms of Nerve Injury. The functional
anatomy of the peripheral nerve is important for
understanding the mechanisms of peripheral
nerve injury. A peripheral nerve is a complex
structure consisting of fascicles held together by
the epineurium, an enveloping, external connec-
tive sheath (Fig 14). Each fascicle contains many
nerve fibers and capillary blood vessels embedded
in a loose connective tissue, the endoneurium.
The perineurium is a multilayered epithelial
sheath that surrounds individual fascicles. Nerve
fibers depend on a specific endoneurial environ-
ment for their function. This is different than the
extraneural interstitium. Peripheral nerves are
richly supplied by an extensive vascular network
in which the endoneurial capillaries have endo-
thelial “tight junctions,” a peripheral analogy to
the “blood-brain barrier.” The entire neurovascu-
lar bed is regulated by the sympathetic nervous
system and its blood flow can be as high as 30 to
40 mL/100 g per minute.!88 In addition to con-
ducting nerve impulses, nerve fibers also main-
tain axonal transport of various functionally im-
portant substances, such as proteins and
precursors for receptors and transmitters. This
process is highly dependent on oxidative metab-
olism. Any of these structures and functions can
be deranged during a traumatic nerve injury,
with the possible result of temporary or perma-
nent impairment or loss of neural function.

Direct Needle Trauma. Most needles available for
PNBs are manufactured as short-bevel needles (i.e.,
angles 30°-45°). The needle designs are largely
based on the work of Selander and colleagues,!8°
who showed that the risk of perforating a nerve
fascicle was significantly lower when a short-bevel
(45°) needle was used compared with a standard
long-bevel (12°-15°) needle. In contrast, the work
of Rice and McMahon'?° suggested that the short-
beveled needles might cause more mechanical
damage than the long-beveled needles when pur-
posefully advanced through a nerve in vitro. In
their experiment, after deliberately penetrating the
largest fascicle of rat sciatic nerves with 12° to 27°
beveled injection needles, the degree of neural
trauma on histologic examination was greater with
short-beveled needles. The sharp needles produced
clean cuts and the blunt needles produced noncon-
gruent cuts on the microscopic images. In addition,
the cuts produced by the sharper needles recovered
faster and more completely than the irregular, more
traumatic injuries caused by the blunter short-bev-
eled needles.!®° Despite the lack of consistent data
and no randomized controlled trials in humans, the
theoretical advantage of short-beveled needles in
reducing the risk of nerve penetration has had an
influence on manufacturers and practitioners. Most
needles manufactured for PNB placement are, to-
day, short-beveled needles.

The clinical significance of isolated, direct needle
trauma, however, remains unclear. For instance,
during femoral arterial cannulation, it is likely that
the needle is often inserted into the femoral nerve,
yet injuries to the nerve are rare, and are usually
attributed to hematoma formation.!84 It is possible
that a needle-related trauma without injection re-
sults in injury of a lesser magnitude, which readily
heals and may go undetected. In contrast, needle
trauma coupled with injection of local anesthetic
into the nerve may carry a risk for much more
severe injury.

Intraneural Injection. Little is known about how
to avoid or recognize insertion of a needle into a
nerve or how to avoid an intraneuronal injection.
Pain with injection has long been cited as the car-
dinal sign of intraneuronal injection. However,
multiple case reports of neurologic injury suggest
that pain may not be reliable as a sole warning sign
of impending nerve injury.!®!-1°¢ Experimental ev-
idence suggests that intraneural injection may be
associated with pain on injection but also with a
resistance to needle advancement or an increased
pressure on injection of local anesthetic.’®> In a
model of nerve injury by Selander et al.,'°> a pres-
sure of at least 19 psi was required to inject solution
into a nerve fascicle of a rabbit sciatic nerve. Injec-
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tion into a nerve fascicle using such high pressures
may result in rupture of the fascicle and the peri-
neurium, with consequent histologic evidence of
disruption of the neural anatomy. A more recent
study using a dog model of nerve injury suggested
that neurologic injury with intraneural injections is
associated with high-injection pressures.'?¢ Specif-
ically, only intraneural injections resulting in pres-
sures greater than 20 psi were associated with clin-
ically detectable neurologic deficits as well as
histologic evidence of injury to nerve fascicles.
These experiments suggest that injection pressures
in excess of 20 psi during nerve block injection may
be indicative of an intraneural injection and may
carry a risk of nerve injury.

Neuronal Ischemia. The perineurium is a tough
and resistant tissue layer. An injection into this
compartment or a fascicle can cause a prolonged
increase in endoneurial pressure, exceeding the
capillary perfusion pressure. This pressure, in turn,
can result in endoneural ischemia.!’®” The addition
of vasoconstricting agents theoretically can en-
hance ischemia because of the resultant vasocon-
striction and reduction in blood flow. The addition
of epinephrine was shown in vitro to decrease the
blood supply to intact nerves in the rabbit.'*> How-
ever, in patients undergoing lower-extremity sur-
gery, the addition of epinephrine to the local anes-
thetic solution used in combined femoral and sciatic
nerve blocks was not shown to be a risk factor for
the development of post-block nerve dysfunction.®>

Risk Factors for Neuropathy After PNB

Few investigations exist regarding neurologic
complications associated with lower-extremity
PNB. The American Society of Anesthesiologists’
closed-claims analysis of nerve injury associated
with anesthesia showed a consistently low report of
sciatic (5% of nerve injury claims) or femoral (2%
of nerve injury claims) injuries.!*® Postoperative
neurologic complications were more frequently re-
ported after general anesthesia, 61% of the claims,
and neuraxial anesthesia than after PNB. In this
analysis, there was no specific discussion of lower-
extremity neuropathy associated with PNB.198

In the report by Auroy and colleagues,!>8 there
were 4 neurologic injuries reported after PNB. The
type of block performed and the nature of the in-
jury are not reported. All of the neurologic injuries
were reported within the first 48 hours postopera-
tively. All of these patients reported paresthesias
during block placement or pain with injection. In all
cases, the injury had the same topography as the
associated paresthesia or pain. Fanelli et al.*> re-
ported on 2,175 combined sciatic-femoral nerve
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blocks performed using a nerve stimulator and a
technique of multiple injections. Consistent with
the report of Auroy and coworkers, they reported
an incidence of transient neurologic dysfunction in
1.7% of patients. There were no permanent neuro-
logic injuries reported in this large cohort of pa-
tients. The only variable correlated with the devel-
opment of postoperative neurologic dysfunction
was tourniquet inflation pressure of >400 mm Hg.
Unintended paresthesia was reported in 14% of
patients in the Fanelli et al. study. By study proto-
col, no local anesthetic was injected if a paresthesia
occurred.®> Univariate analysis of potential risk fac-
tors for postoperative neurologic dysfunction did
not demonstrate paresthesia as a risk factor. Indeed,
in a more recent study from France,'¢> a nerve
stimulator was used in 9 of 12 documented nerve
injuries. This suggests that the mechanism of nerve
injury may be related to some events during and
after the injection (e.g., intraneural injection),
rather than to the method of nerve localization.

Blocks Performed in Anesthetized Pa-
tients. There are a several individual case reports of
neuropathy after femoral or fascia iliacus block per-
formed with a nerve stimulator or using a fascial click
technique in anesthetized patients.>¢-199-201 Although
proper sedation and analgesia are essential ingredients
for block success, maintenance of meaningful patient
contact allows the patient to report pain or paresthesia
on injection and may provide an additional margin of
safety.

Other Etiologies of Perioperative Lower-
Extremity Neurologic Complications. Nerve
injuries are frequently attributed to the use of PNBs.
However, neuropathy after abdominal or lower-
extremity surgery is relatively common. There are a
number of factors that have been implicated in the
development of lower-extremity neuropathy.
These factors include positioning, surgical factors,
hematoma formation, compartment syndrome, and
tourniquet palsy.

Positioning. Positioning injuries are thought
to be caused mostly by compression or stretching of
the nerve(s) or plexi as a result of patient position-
ing. Of the sciatic nerve injury claims in the closed-
claims analysis of nerve injury associated with an-
esthesia, half were associated with the lithotomy or
frog-leg operative positions.’”® In a prospective
study of lower extremity neuropathies associated
with the lithotomy position, nerve injury to the
obturator, lateral femoral cutaneous, and sciatic
nerves were observed.2°2 Femoral nerve palsy is as-
sociated with deep hip flexion and extension associ-
ated with THA and repair of acetabular frac-
tures.293204 Positioning nerve injuries are consistently
correlated with the length of surgery.202.204-207
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Surgical Factors Leading to Neuropa-
thy. Some surgical procedures are associated with a
high rate of nerve injury. For instance, femoral neu-
ropathy is associated with operations that require
deep pelvic exposure including acetabular fracture re-
pair, in which the femoral nerve is relatively superfi-
cial and vulnerable to compression by retractors.203.206
An incidence of nerve injury as high as 17% after
ankle arthroscopy has been reported.2°® The superfi-
cial peroneal nerve, in particular, is prone to nerve
injury during ankle arthroscopy because of its prox-
imity to the dorsal arthroscopy portal.2°® The clini-
cian’s experience using the arthroscope is another
factor associated with a high rate of nerve injury
during this procedure.2!° This has been attributed to
factors, such as joint distention, excessive traction,
and extravasation of fluid during surgery.

Compartment Syndrome. A single case of
compartment syndrome after revised forefoot ar-
throplasty under ankle block has been reported.2!!
The diagnosis was delayed secondary to residual
local anesthetic effects. However, prompt surgical
intervention prevented long-term sequelae. This re-
port emphasizes the need for vigilance in monitor-
ing block resolution and patient positioning in the
postoperative period. Consultation with the surgical
team is of utmost importance when making a deci-
sion on the use of nerve blocks and their duration
in patients with a risk of developing compartment
syndrome.

Tourniquet Neuropathy. Tourniquet-induced
neuropathy is well documented in the orthopedic
literature and ranges from mild neuropraxia to per-
manent neurologic injury.2!'-215 The incidence of
tourniquet paralysis has been reported as 1 in 8,000
operations.2!¢ A prospective study of lower-extrem-
ity nerve blockade suggested that higher tourniquet
inflation pressure (>400 mm Hg) was associated
with an increased risk of transient nerve injury.®>
Current recommendations for appropriate use of
the tourniquet include the maintenance of a pres-
sure of no more than 150 mm Hg greater than the
systolic blood pressure and deflation of the tourni-
quet every 90 to 120 minutes.2!” Even with these
recommendations, posttourniquet application neu-
ropraxia may occur, particularly in the setting of
preexisting neuropathy.116.121

Compressive Hematoma. Compressive he-
matoma formation leading to neuropathy has been
associated with both needle misadventures during
performance of lower extremity PNB and anticoag-
ulation.2185 As opposed to spinal or epidural hema-
toma, in all cases, neuropathy from this etiology has
resolved completely.181.182,218-220 T jtt]le data exist re-
garding the safety of peripheral nerve block in an-
ticoagulated patients. The American Society of Re-

gional Anesthesia and Pain Medicine has published
guidelines regarding this issue.22! However, these
reports emphasize the important differences in the
risk-benefit ratio of peripheral nerve blocks com-
pared with neuraxial blocks in patients receiving
anticoagulant therapy.

Evaluating the Patient After Lower-
Extremity Peripheral Nerve Block

Assessment of Lower-Extremity PNBs

Neal has proposed a simple and effective system for
assessing the adequacy of lower-extremity PNBs220
(Fig 15A-D). Based on a well-known system for as-
sessing the upper extremity, the lower-extremity
evaluation uses 4 Ps: push, pull, pinch, and punt. Push
evaluates the adequacy of sciatic nerve block by ask-
ing the patient to push against the examiner’s hand or
“to step on the gas” with their foot. Pull checks the
strength of the adductors of the thigh to assess obtu-
rator nerve blockade. The examiner abducts the thigh
and asks the patient to pull their thigh to the midline.
Pinch refers to the evaluation of the lateral femoral
cutaneous nerve. A pinch on the lateral proximal
thigh will check the adequacy of blockade of the lat-
eral femoral cutaneous nerve. Finally, punt assesses
the degree of motor blockade in the femoral nerve
distribution. The examiner supports the patient’s knee
lifting it off the bed and asks the patient to punt an
imaginary football. This maneuver requires quadri-
ceps contraction to extend the leg and will be limited
by femoral nerve blockade.

Discharge Criteria

The ability to ambulate independently is an im-
portant consideration for patients receiving lower
extremity PNBs. Klein et al.222 have examined the
controversy of long-lasting analgesia versus poten-
tial complications from insensate extremities after
PNB in ambulatory surgery patients. They prospec-
tively studied 1,791 patients receiving either upper-
or lower-extremity nerve block with ropivacaine
0.5% and being discharged home the same day.
There was a single complication related to a fall
after combined femoral and sciatic nerve blocks.
The authors attributed the low rate of complications
to the immobilization related to the surgical proce-
dure and generally cautious nature of postsurgical
patients. Sample discharge instructions for patients
with single injection and continuous lower extrem-
ity peripheral nerve blocks can be found in Table 5.

Future Directions

Lower-extremity peripheral nerve blocks provide
unquestioned superiority of analgesia after lower-
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Fig 15. Assessment of lower-extremity nerve block by the Four P’s acronym. (A) Push; inability to plantar flex the foot
against resistance indicates sciatic nerve blockade. (B) Pull: the anesthesiologist resists the patient’s attempt to adduct the
leg toward the midline. Weakness signals conduction block of the obturator nerve. (C) Pinch: inability to detect a pinch
on the proximal lateral thigh shows anesthesia within the lateral femoral cutaneous nerve distribution. (D) Punt; the
anesthesiologist raises the knee and asks the patient to extend the knee against resistance. Inability to perform this task
signals successful femoral nerve block. (Reprinted with permission.22° Copyright 2002 by the American Society of

Regional Anethesia and Pain Medicine.)

extremity surgery compared with traditional intra-
venous narcotic therapy for the duration of the
block. Research efforts directed toward extending
the duration of analgesia that these techniques can
provide should be supported. The current applica-
tion of continuous infusion therapy with indwelling
perineural catheters is probably just a first step to-
ward this goal. Much work is needed to complete
our understanding of the ideal delivery devices and
infusates. Further efforts to prolong analgesia may
include improved drug design, such as controlled
release local anesthetics, or innovative additives.
Clearly, these techniques have a wider applica-
tion for postoperative analgesia than is currently
used. Further research efforts should be directed
toward improving the ease of performing these
techniques. Imagining devices that improve visual-

ization of the structures to be anesthetized may
decrease the failure rate, thereby increasing their
use in many anesthesia practices.

Finally, although there is a paucity of reported
complications following lower-extremity PNBs,
they are not without risks. Further efforts to de-
lineate the role of injection pressure and needle
design on nerve injury should be supported. Local
anesthetic toxicity still complicates the use of
PNBs. Efforts to improve the early detection of
intravascular local anesthetic injection would be
welcomed by all practitioners. An antidote to lo-
cal anesthetic overdose would be added to every
formulary. We envision a future in which the use
of lower-extremity PNBs is widely taught and
applied by all anesthesiologists not just for re-
gional anesthesia enthusiasts.
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Table 5. Patient Instructions After Lower-Extremity
Nerve Block

You have received an injection near one of your nerves in your
leg to help you with your pain after surgery. Precautions that
you should take are:

. DO NOT DRIVE while your leg is numb.

2. You must use your walker, crutches, or wheelchair until the
nerve block has worn off.

3. Keep your leg elevated as much as possible for the first 24
hours after surgery to help prevent swelling.

4. Keep your leg in the brace at all times except when doing
physical therapy until your surgeon tells you to take it off.

5. Do not use heating pads on your leg while it is numb.

6. The numbness in your leg will wear off completely about an
hour after you notice that you can feel tingling in the numb
part. Please take your pain medications when the numbness
begins to wear off and you feel the tingling.

7. If you are ready for bed and the numbness has not worn off,

please take your pain medication before you go to bed.

—_

Instructions for Patients Receiving Continuous Lower-Extremity
Blocks

Your anesthesia doctor has placed a small tube near the nerve
to your leg to decrease the pain you feel after surgery. This
is a very effective way to control pain when it is added to the
other pain medications your surgeon has given you.
Precautions you should use during this treatment are:

. DO NOT DRIVE while you have the catheter in place.

2. You must use your walker, crutches, or wheelchair until the
nerve block has worn off and the catheter has been
removed.

3. Keep your leg elevated as much as possible for the first 24
hours after surgery to help prevent swelling.

4. Keep your leg in the brace at all times except when doing
physical therapy until your surgeon tells you to take it off.

5. Do not use heating pads on your leg while it is numb.

6. The medication you are getting through the pump device is
not as strong as the first medicine that you got. When the
numbness begins to wear off, please push the extra
medication button. Wait 15 minutes and then take your pain
pills if you need more pain relief. Once the initial block
wears off you should be able to wiggle your toes and make
a muscle in your thigh.

7. If you have questions about the pump or your pain

medications call the pager number given to you.

—_
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