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1. Introduction

A femoral nerve block is simple to perform, has a high rate success, carries a low risk of
complications, and it is widely used technique for surgical anesthesia and post-operative
pain management of the lower extremity. It provides analgesia to the anterior thigh,
including the flexor muscles of the hip and extensor muscles of the knee and therefore, it is
well suited for surgeries that involve the hip, the knee or the anterior thigh zone. The
femoral nerve block is often associated with sciatic nerve block in order to achieve a lower
extremity analgesia.

The anterior approach to the femoral nerve block initially described as a 3-in-1 block by
Winnie et al (Winnie et al., 1973), suggested that the femoral, lateral femoral cutaneous, and
obturator nerves could be blocked from a single paravascular injection at a point inferior to
the inguinal crease. Studies have since showed that the femoral can be reliably blocked by a
single injection, the lateral femoral cutaneous nerves is blocked in 95%, but the obturator
nerve is almost always spared (Parkinson et al., 1989). Therefore, a 3-in-1 block with the
paravascular approach seems difficult to obtain, and, as a consequence, when all three
nerves need to be anesthetized a posterior lumbar plexus block or a multitruncular block
should be performed. The anterior approach to the femoral nerve is similar for “single shot”
or continuous nerve blocks. A femoral nerve block can be obtained with single shot of local
anesthetic or by using a continuous catheter technique. The localization of the femoral nerve
can be obtained by the use of nerve stimulator or with ultrasound guidance. When using
single shot technique, the local anesthetic agent is injected through the needle after location
of the nerve with the nerve stimulator. When using continuous catheter techniques, the
nerve can be stimulated via the needle through which the catheter is placed, or via both the
needle and the catheter itself.

This narrative review summarizes the evidence derived from randomized controlled trials
(RCTs) and retrospective analysis, in order to determine the efficacy of continuous femoral
nerve block comparing the use of stimulating catheters with non-stimulating catheters for
lower-extremity surgery. Furthermore, we explore the adjunctive use of ultrasonography for
femoral nerve block.
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1.1 Anatomy (Gray & Henry, 1918)
The Femoral Nerve, the largest branch of the lumbar plexus, arises from the dorsal divisions
of the second, third, and fourth lumbar nerves. It descends through the fibers of the Psoas
major, emerging from the muscle at the lower part of its lateral border, and passes down
between it and the Iliacus, behind the iliac fascia; it then runs beneath the inguinal ligament,
into the thigh, and splits into an anterior and a posterior division. At this level it is located
lateral and posterior to the femoral artery.

The anterior division of the femoral nerve gives off (Table 1 ):

e Anterior cutaneous branches. The anterior cutaneous branches comprise the
intermediate and medial cutaneous nerves
o The intermediate cutaneous nerve pierces the fascia lata (and generally the

Sartorius) and divides into two branches which supply the skin as low as the front
of the knee. Here they communicate with the medial cutaneous nerve and the
infrapatellar branch of the saphenous, to form the patellar plexus.

o The medial cutaneous nerve passes obliquely across the upper part of the sheath of
the femoral artery, and divides into two branches, an anterior and a posterior.
Before dividing it gives off a few filaments, which supply the integument of the
medial side of the thigh, accompanying the long saphenous vein. The anterior
branch divides into two branches: one supplies the integument as low down as the
medial side of the knee; the other crosses to the lateral side of the patella. The
posterior branch descends along the medial border of the Sartorius muscle to the
knee, where it pierces the fascia lata, communicates with the saphenous nerve, and
gives off several cutaneous branches. It then passes down to supply the integument
of the medial side of the leg.

e  Muscular branches —The nerve to the Pectineus and the nerve to the Sartorius

The posterior division of the femoral nerve gives off (Table 1):

e The saphenous nerve - the largest cutaneous branch of the femoral nerve. It approaches
the femoral artery where this vessel passes beneath the Sartorius, and lies in front of it,
behind the aponeurotic covering of the adductor canal, as far as the opening in the
lower part of the Adductor magnus. It descends vertically along the medial side of the
knee behind the Sartorius, pierces the fascia lata, between the tendons of the Sartorius
and Gracilis, and becomes subcutaneous. The nerve then passes along the tibial side of
the leg, accompanied by the great saphenous vein, descends behind the medial border
of the tibia, and, at the lower third of the leg, divides into two branches: one continues
its course along the margin of the tibia, and ends at the ankle; the other passes in front
of the ankle, and is distributed to the skin on the medial side of the foot, as far as the
ball of the great toe. The saphenous nerve, about the middle of the thigh, gives off a
branch which joins the subsartorial plexus. At the medial side of the knee it gives off
a large infrapatellar branch, which pierces the Sartorius and fascia lata, and is
distributed to the skin in front of the patella. Below the knee, the branches of the
saphenous nerve are distributed to the skin of the front and medial side of the leg,
communicating with the cutaneous branches of the femoral, or with filaments from
the obturator nerve.

e  Muscular branches supply the four parts of the Quadriceps femoris. The branch to the
Rectus femoris enters the upper part of the muscle, and supplies a filament to the hip-
joint. The branch to the Vastus lateralis enters the lower part of the muscle and gives off
an articular filament to the knee-joint. The branch to the Vastus medialis enters the
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muscle about its middle, and gives off a filament to the knee-joint. The branches to the
Vastus intermedius, two or three in number, enter the muscle about the middle of the
thigh and give off filament to the Articularis genu and the knee-joint.

e Articular branches

o articular branch to the hip-joint is derived from the nerve to the Rectus
femoris.

o articular branches to the knee-joint are three in number. One is derived
from the nerve to the Vastus lateralis, the second derived from the nerve
to the Vastus medialis and the third branch is derived from the nerve to
the Vastus intermedius.

Femoral Branches
Anterior cutaneous branches

Anterior division

provides sensory innervation o intermediate cutaneous nerves
to the skin of the anterior o medial cutaneous nerves

and medial thigh and motor ¢  Muscular branches

innervation to the Sartorius o nerve to the Pectineus

and Pectineus muscles. O nerve to the Sartorius
Posterior division e  Saphenous nerve

provides sensory innervation|e  Muscular branches (individual heads of the quadriceps
to the medial part of the muscle)

lower leg and motor e Articular branches

innervation to the quadriceps o to the hip-joint

muscle O branches to the knee-joint

Table 1. Anatomy of femoral nerve

1.2 Indications

The femoral nerve block is mainly indicated for the pain control associated with unilateral
anterior knee surgery (total knee arthroplasty, ACL). It is also ideal for surgery that
involves the hip (femoral fracture repair) or anterior thigh. The block is often combined
with a sciatic nerve block or with obturator nerve block if surgery is distal or posterior to
the knee join.

1.3 Contraindications

e Infection or haematoma In the puncture site

e  Local anesthetic allergy

e Lesion of the nerves to be stimulated distal to the puncture site
e Neurological deficit of the leg to be anaesthetised

e  Refusal of the procedure by the patient

2. History of continuous nerve blocks

The first attempt to practice a continuous peripheral nerve blockade was done by Ansbro in
1946, who described a continuous block of the brachial plexus at a supraclavicular level
(Ansbro, 1946). A continuous axillary block was performed in 1977 by Selander in patients
who underwent hand surgery. (Selander, 1977).
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The first use of an epidural catheter at the level of the lumbar plexus was reported by Brands
and Callanan. Their conclusion was that continuous lumbar plexus blockade reduced
administration of opioids and resulted in effective pain relief. (Brands E& Callanan VI, 1987 as
cited in Navas et al., 2005). A continuous sciatic nerve block to relieve pain from ischaemic
gangrene of the foot was described in 1984 by Smith et al. (Smith et al, 1984 as cited by Navas
et al., 2005).

In order to provide reliable post-operative analgesia and prevent readmission due to failed
catheter placement, it was necessary to develop methods to ensure accurate catheter
positioning and to prevent catheter dislodgment.

Improvements in techniques and instruments have led to a painless, longer-lasting
postoperative analgesia, with reduction of Opioids consumption, better functional recovery,
increased patient satisfaction and reduced side-effects. New techniques and devices are
increasingly appearing, and catheters are constantly being developed and improved (Navas
et al., 2005)

3. Continuous femoral catheter placement technique (Fig 1- 2)

The patient should be in the supine position with legs spread slightly apart. After aseptic skin
disinfection and sterile draping of the inguinal region, a local anesthetic is injected
superficially. The stimulating needle insertion site is immediately below the inguinal crease, 1
to 2 cm lateral to the femoral artery pulsation. A 50-mm 18-gauge insulated stimulating needle
is then connected to the peripheral nerve stimulator (PNS) with an initial current output of 1
mA (2 Hz, 0.1 ms). The stimulating needle has to be inserted with a 45° angle and advanced in
a cephalad direction until quadriceps femoris muscle contractions were elicited (as evidenced
by cephalad patellar movements). The needle position has to be adjusted until quadriceps
femoris contractions are still elicited at a current of 0.5 mA or less. At this point, a 20-gauge
catheter is introduced through the needle. The catheter is then advanced for 10 to 15 cm
beyond the needle tip, needle is withdrawn and the catheter has to be secured in place. The
local anesthetic of choice, has to be injected slowly through the catheter.

Fig. 1. Equipement
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When stimulating catheter is being used, the catheter has to be connected to the PNS
without changing the current output. The catheter is advanced 5 to 15 cm past the needle
tip, and its position is adjusted until quadriceps femoris contractions are still elicited at a
current output between 0.4 to 0.5 mA. At this point, the needle is withdrawn and quadriceps
contractions are elicited via the catheter again to confirm the final perineural position of the
catheter. (Dauri et al., 2007)

Fig. 2. Catheter placement

3.1 Local anesthetics

A number of local anesthetics may be used for femoral nerve blocks. In general, the volume
of local anesthetic used to achieve a surgery anesthesia for a femoral nerve block will range
from 15-20 ml. For 3-in-1 nerve block, the volume ranges from 25-30 ml. When postoperative
analgesia is required, 0.5% of long acting anesthetic agents ropivacaine or levobupivacaine
is often used. For postoperative analgesia, 1-2 mg/ml ropivacaine or 0.625-1.25 mg/ml
levobupivacaine are used. The drugs are best administered by PCA pump with a basal rate
infusion of 5-8 ml/h and bolus option.

3.2 Complications
e  Vascular puncture
Local infection
Seizures (from systemic injection and local anesthetic toxicity)
Neural ischemia and/or neural toxicity
Local anesthetic toxicity:
o CNS: tinnitus, confusion, metallic taste in the mouth
o Cardiac: tachycardia, hypertension, arrhythmia
e Dislocation of the catheter
e  Catheter breakage, formation of knots or loops
e  Local anesthetic leakage (Gurnaney et al., 2011)

4. Continuous femoral block versus other techniques

Many studies were conducted in order to explore the benefits arising from continuous
femoral nerve block compared with other analgesic techniques. Some of the studies
conclusions are reported below:
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e Continuous peripheral nerve blocks improve postoperative analgesia, patient
satisfaction, and rehabilitation compared with IV narcotic therapy for lower extremity
procedures (Capdevila et al., 1999; Singelyn et al., 1998; Ganapathy et al., 1999)

e Continuous femoral nerve blocks have been demonstrated to improve the outcome of
total knee arthroplasty (capdevila et al., 1999; Chelly et al, 2001)

e Continuous femoral nerve block technique provides similar or better analgesia with
fewer undesirable effects than intravenous PCA and the epidural technique during the
first 48 h of postoperative management after total knee arthroplasty and after total hip
arthroplasty (Singelyn et al., 1998; Singelyn et al., 1999).

e  Outcome with continuous femoral nerve block has shown to be better than “single
shot” femoral block and continuous epidural anesthesia. For analgesia after proximal
lower limb orthopedic surgery, continuous three-in-one nerve blockade is as effective as
epidural analgesia, with fewer side effects (urinary retention, nausea, and risk of spinal
subarachnoid hemorrhage in anticoagulated patients) (Capdevila et al., 1999; Singelyn
et al 1998)

5. Correlation between catheter position and the rate of effective sensory and
motor blockades

Continuous femoral nerve block is commonly obtained with a peripheral nerve stimulator
connected to a stimulating needle to localize the femoral nerve. The localization of the nerve
is then followed by insertion of the catheter through the needle. Studies using blind
advancement of femoral catheters indicate that catheter position in relation to the nerve is
unpredictable. (Ganapathy et al., 1999; Capdevila et al., 2002) Therefore, even if the initial
injection of local anesthetic through the needle produces adequate intraoperative
anesthesia/analgesia, subsequent infusion through the catheter may not provide adequate
postoperative analgesia. Furthermore, it is difficult to determine the correct catheter’s
position in order to obtain an effective postoperative analgesia; on the other side the
proximity of the catheter to the femoral nerve could guarantee a better analgesia.

Few studies were conducted on the matter:

e  Marhofer et al. used MRI scans in order to verify the distribution of local anesthetic.
They showed that there is no evidence of cephalad spread of 30 ml of local anaesthetic
when a 3-in-1 blockade is performed (Marhofer et al., 2000) .

e  Ganapathy et al. used CT scans to verify the catheter position. They observed that only
40% of catheters are located in an ‘ideal” position, defined as catheter-tip position at 2
cm of the cephalad extremity of the sacroiliac joint or between the sacral promontory
and the lateral portion of the vertebral bodies of L4 and L5. (Ganapathy et al., 1999)

e (Capdevila et al. used anteroposterior pelvic radiograph to determine the location of the
distal tip of the catheter. They showed catheter location in a continuous 3-in-1 block to
be unpredictable. Their conclusion was that during a continuous three-in-one block, the
threaded catheter rarely reached the lumbar plexus and that the quality of sensory and
motor blockade and initial pain relief depend on the location of the catheter tip under
the fascia iliaca. (Capdevila et al., 2002) .

The reported results may highlight the theoretical advantages of using a stimulating

catheter to ensure proper perineural catheter placement. The catheter’s position could be

fixed at a point where the desired motor response is observed at a stimulation intensity that
guarantees its proximity to the femoral nerve.
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6. Aim of the review

This narrative review summarizes the evidence derived from randomized controlled trials
(RCTs) and retrospective analysis, in order to determine the benefits and harm comparing
continuous femoral nerve block with stimulating catheters versus non-stimulating
catheters for lower-extremity surgery; moreover we will explore the association with
adjunctive ultrasonography (US) and stimulating perineural catheters for femoral nerve
block.

7. Methods of searching literature

We searched PubMed, EMBASE, and the Cochrane Database using the following search
terms: "ACL or anterior cruciate ligament" OR “knee arthroplasty” OR “knee surgery”
AND "femoral nerve block” OR “ peripheral nerve block" OR "regional anesthesia" AND
“stimulating catheters” OR “non-stimulating catheters” AND “ultrasonography”. Study
were included in the review if they were randomized clinical trial (RCTs) and non
randomized clinical trial comparing femoral nerve block with stimulating catheters versus
non-stimulating catheters for elective knee surgery or RCTs comparing the insertion of
stimulating catheters with or without ultrasonographic guidance; limits: English
language, human adults. In addition to the systematic search of the bibliographic
databases, the reference lists of all retrieved articles were screened for additional relevant
trials.

8. Study description and results (Table 2)

An initial search yielded 8 potentially relevant clinical trial that were further examined.
Two of these was subsequently excluded because it did not meet the inclusions criteria. A
total of 733 patients were investigated: 311 patients with stimulating and 422 with
nonstimulating catheters .

Salinas et Al. in 2004 (Salinas et al., 2004) published a prospective comparison of continuous
femoral nerve block with nonstimulating catheter placement versus stimulating catheter-
guided perineural placement, randomizing twenty volunteers; a stimulating catheter was
placed on one side and an identical non-stimulating catheter on the contralateral side.
Success of femoral block was defined as loss of sensation to cold and pinprick stimuli.
Quality of successful block was determined by tolerance to transcutaneous electrical
stimulation and force dynamometry of quadriceps strength. Despite the trial shown that
block success was 100% via the stimulating catheters versus 85% via the nonstimulating
catheters, they concluded that there was no statistically significant difference in block
success between the two techniques.

Morin et Al. (Morin et al., 2005) in the following year published the results from the
comparison between femoral nerve catheters inserted under continuous stimulation and
catheters that were placed using the conventional technique of blind advancement in 81
patients undergoing major knee surgery. The aim of his randomized double blind trial was
to determine whether accurate catheter positioning under continuous stimulation
accelerates the onset of sensory and motor block, improves the quality of postoperative
analgesia, and enhances functional recovery. He concluded that with continuous femoral
nerve blocks, blind catheter advancement is as effective as the stimulating catheter
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technique with respect to onset time of sensory and motor block as well as for postoperative
pain reduction and functional outcome.

A retrospective non randomized study of 419 patients was published in 2005 (Jack et al.,
2005) comparing stimulating versus nonstimulating femoral catheter; it demonstrated no
differences in term of visual analogue scale score and total morphine consumption with 3
days follow up. The conclusion was that the practical advantages of the stimulating catheter,
as reported by previous investigators, were not obvious in this clinical situation.

In 2006 (Hayek et al., 2006) a randomized study was performed to evaluate whether a
stimulating catheter allowed the use of lesser amounts of local anesthetics than a
nonstimulating catheter concluding that the use of stimulating catheters in continuous
femoral nerve blocks for TKA does not offer significant benefits over traditional
nonstimulating catheters.

The experience from our department (Dauri et al., 2007) is about the evaluation of the
efficacy of stimulating catheter to perform continuous femoral nerve block for anterior
cruciate ligament reconstruction; data collection from 70 patient regarded pain scores,
adverse effects, and need for supplemental anesthesia and analgesia other than a continuous
postoperative infusion of ropivacaine 2 mg/mL through the continuous femoral nerve
catheter set at 7 mL/h. Data collected shown that although the use of a stimulating catheter
was associated with faster onset time for the femoral nerve block and lower additional
analgesics postoperatively, the conclusions was that the clinical superiority (analgesia;
lateral femoral cutaneous, and obturator nerve block) of stimulating catheters was not
evident in this clinical setting.

Study design Results Conclusions
e  Prospective,

randomized double .

There was no

Block success : . o
statistically significant

blind study in o % %
y SC100% , NSC 85% (p0.07) difference in block
volounteers ¢ Overall tolerance to success between the
e  SC=20,NSC=20 transcutaneous electrical two techniques
Salinas et al., [Outcomes: stimulation (p 0.009) and . nques.
Stimulating catheter-
2004 e  Block success e  overall depth of motor .
guided placement
e  Opverall tolerance to block(p 0.03) was . .
S ; . provided an increased
transcutaneous significantly higher in the

overall quality of
continuous femoral
perineural blockade.

electrical stimulation
¢ Opverall depth of
motor block

stimulating catheter-guided
femoral nerve blocks

With continuous

. Randomized,controlle femoral nerve blocks,

onset time of sensory and

d observer blinded motor block similar in both .
s . blind catheter
trial in patients after groups .
. . . advancement is as
major knee surgery . no differences in the .
_ _ . . effective as the
e SC=38, NSC=43 postoperative IV opioid . .
. ) . stimulating catheter
Morin et al.,, |Outcomes: consumption, and visual

technique with respect

e  functional recovery

after surgery.

2005 e  onset of sensory and analog scale pain scores at .
to onset time of
motor block, rest and movement sensorv and motor
. quality of e  No differences in maximal block i,or
postoperative bending and stretching of the os to’ crative pain
analgesia knee joint during the 5 days postop P
reduction and

functional outcome.
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Study design Results Conclusions
e no statistically significant
e  randomized differences in the amount of
prospective study of ropivacaine administered (MD

patients undergoing
TKA
S5C=19, NSC=22

Outcomes:

- 0.6, CI-23 to 0.6. P=0.26)
No significant differences
between groups for the
amount of fentanyl dispensed

The use of stimulating
catheters in continuous
femoral nerve blocks

Hayek etal, |®  amounts of local by the IV patient-controlled  |for TKA does not offer
2006 anesthetics anesthesia significant benefits over
e  postoperative pain e  No differences in numeric traditional
scores, pain rating scale scores nonstimulating
o opioid use . No differences in acute catheters.
e side effects functional orthopedic
° acute functional outcomes, side effects, or
orthopedic outcomes amounts of oral opioids
consumed.
. prospective
randomized controlled . Onset ti faster in th Although the use of a
trial in patients nset tine was faster m the stimulating catheter
. . SC group (SC: 6.4+ 2.5, NSC: . .
undergoing anterior 83429 min. P 0.006 was associated with
cruciate ligament . N - d: ffmln, N V') ) 1 faster onset time for the
reconstruction 01 ! ere?ces h visua femoral nerve block
e SC=35NSC=35 analog sca'e. and lower additional
Outcomes: ¢ The number of patient- analgesics
Dauri et al., e pain score controlled regional analgesia ostoperativelv. the
2007 P boluses (SC: 14.6 +12.6, postop Y
. adverse effects NSC:23.2413.6 . . |clinical superiority
e need for supplemental ) ) 'L_ P. Ogég roplv?lcame (analgesia; lateral
anesthesia and : mg/mL, P_.008) as well as femoral cutaneous, and
analgesia other than a intravenous rescue ketorolac obturator nerve block)
continuous (SC: ;%38:;;7,5\1% : 5t4i3c91'7 of stimulating catheters
e  postoperative infusion me hich ).a tﬁmﬁssgre was not evident in this
of ropivacajne 2 were ugher in the group:. clinical setting.
mg/mL setat 7 mL/h.
. randomized,
controlled, double- .
blind trial in patient ¢ No differences on sensory
undergoing TKA blockade in the femoral nerve
o SC=40, NSC=42 | AT N\ In this study, blind
Outcomes: . , € 70 /o CONUCENCE | - theter advancement
T TolL L interval for difference in .
. Sensory blockade at 10 morohine consumption was as reliable as a SC
min, 20 min after betV\}I)een OUDS w};s Bto5 technique for
Barrington et injection of, lidocaine m group establishing and
al., 2008 via femoral catheter Ng. diff bet maintaining CFNB for
and at postoperative ol elrenciz © wTen &r oupi postoperative analgesia
days 1 (POD 1) and 2 mn leue}) Ca)r];i 1og sgaPeOsDcozres alasa part of multimodal
(POD 2) reston L 1 an L analgesia technique
«  Morphine durlr}g active and passive after TKA.
requirements physiotherapy
. ain scores . No differences in markers of
. Fl)narkers of early early recovery after surgery.

recovery

Table 2. Study included in analysis (SC= stimulating catheter, NSC= non stimulating
catheter, TKA= Total knee arthroplasty, CFNB= continuous femoral nerve block)
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Recently, a randomized clinical trial (Barrington et al.,, 2008) compared a stimulating
catheter with a nonstimulating catheter technique for institution of continuous femoral
nerve block and its effects on quality of analgesia after total knee arthroplasty performed
under general anesthesia in 82 patients. Patients were randomized to have continuous
femoral nerve block instituted using either a non-stimulating or a stimulating catheter
technique. There were no differences in term of included morphine requirements, pain
scores, and markers of early recovery. There was an increase in procedural time required for
insertion of a SC compared with a NSC (10 and 6 min, respectively); however, this is of
debatable clinical significance.

They concluded that blind catheter advancement was as reliable as a stimulating catheter
technique for establishing and maintaining continuous femoral nerve block for
postoperative analgesia as a part of multimodal analgesia technique after total knee
arthroplasty.

In summary, although advantageous from a theoretical standpoint and in experimental
designs (Salinas et al., 2004), randomized controlled trials in the clinical environment have
yielded limited evidence to justify use of stimulating catheters for continuous femoral nerve
block after knee surgery. The increased cost and need for additional catheter adjustments
compared with nonstimulating catheter also make it hard to justify their use in this clinical
setting.

9. Discussion: Focus on

Postoperative pain after major knee surgery is a major concern. It is severe in 60% of
patients and moderate in another 30% (Singelyn et al., 1998; 2000). Pain has a major impact
on patient satisfaction and postoperative well-being. In addition, pain impairs early
intensive physical therapy and rehabilitation, probably the most influential factor for good
postoperative knee rehabilitation (Singelyn & Gouverneur, 2000; Capdevila et al., 1999).
Continuous peripheral nerve blocks offer the potential benefits of extended postoperative
analgesia, few side effects, improved patient satisfaction, and accelerated functional
recovery after major knee surgery (Liu & Salinas, 2003); for this reason continuous femoral
nerve block is often used to provide postoperative analgesia in this clinical setting (Singelyn
et al.,1998; Capdevila et al., 1999)

9.1 Catheter tip

When performing a continuous femoral nerve block, efforts are made to place the catheter
close to the nerve to achieve effective perioperative analgesia. Traditionally, catheter
placement is performed through a stimulating needle, followed by injection of the local
anesthetic and then blind advancement of the peripheral catheter beyond the needle tip.
Secondary analgesic block failure rate (failure of a catheter to produce postoperative
analgesia after having provided sufficient intraoperative analgesia with the bolus
administration) with this technique ranges from 10% (Grant et al., 2001; Chelly & Casati,
2003) up to 40% (Salinas, 2003). This may be explained by the fact that the catheter can
curl away from the needle during uncontrolled advancement (Salinas 2003). Correct
catheter placement is confirmed by testing for a clinical effect of satisfactory analgesia or
by sensory modality testing within the desired sensory distribution after injection of the
local anesthetic. However, in case of insufficient block, the catheter cannot be further
redirected.
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The rational for using stimulating catheters, introduced in 1999 (Boezaart et al., 1999) is
based on the assumption that catheter tips are directed close to nerves; in fact it provide the
possibility to verify the position the catheter takes during advancement through the
cannula. A study performed by Pham Dang et al (Pham Dang et al., 2003) concluded that the
ability to electrostimulate nerves using an in situ catheter increases success rate in catheter
placement for continuous peripheral nerve blocks. However, they were surprised to find
that the amperage required to elicit motor responses is higher with the stimulating catheter
than with the introducer needle. In a study performed by Morin et al (Morin et al., 2005), the
authors did not find a relationship between the current that had to be applied via the
stimulating catheter to evoke a motor response and any of the variables determined to judge
the success of the catheter positioning. Viewing this works, doubts may arise regarding the
reliability of stimulating catheter to elucidate motor contruction and to determine correct
catheter positioning. Furthermore, A stimulation current 0.5mA or less is considered safe in
order to avoid nerve injury and to deliver adequate stimulus to provoke a motor response.
A stady performed by Bigeleisen et al (Bigeleisen et al., 2009) suggest that stimulation
currents of more than 0.2 and no more than 0.5 mA could not rule out an intraneural
position of the needle or catheter tip. Therefore, even with the use of low stimulation (0.2-0.5
mA) the tip of the stimulating catheters are not ascertained to be in the vicinity of the nerve
of might be inside the nerve.

Placement of the catheter tip should ideally be as close as possible to the nerve to attain the
minimal blocking concentration that will block the fibers responsible for transmission of
painful stimuli. From a practical point, use of larger volumes may permit more successful
blocks when nerves are less than ideally localized. This concept is expressed also by Pham
Dang et al. (Pham Dang et al., 2009) affirming that interpretation of their data suggests that
the failure of previous studies to show a superiority of stimulating catheters has perhaps been
masked by methodological problems in previous investigations on the subject. In fact in their
study, stimulating catheters seem to provide early analgesia within the femoral nerve
distribution using low-dose initial bolus and subsequent low-volume infusion. Small doses of
local anesthetics suffice if a catheter is correctly placed next the femoral nerve and that pain
from unblocked obturator and sciatic nerves should be treated specifically (Pham Dang 2009).
Moreover, use of larger volumes of local anesthetics may potentially increase the risk of
systemic toxicity and potentially increase motor block (Borgeat et al., 2001, Bergman et al.,
2000).

More importantly, minimal motor weakness is desired for continuous femoral analgesia after
total knee arthroplasty, because excessive quadriceps motor block may impair active knee
extension required for rehabilitation protocols and potentially delay achievement of
predetermined functional physical therapy goals. To better ascertain the difference between a
well placed and a poorly placed catheter, one should use smaller amounts of local anesthetics.
Hayek et al. (Hayek et al., 2006), analyzed data regarding the total amount of local anesthetic
used in patient treated with stimulating catheter versus nonstimulating group founding no
statistically significant differences in the amount of ropivacaine administered .

The question arises whether nerve proximity is really needed for the femoral nerve to be
blocked effectively in routine clinical use. Several reasons argue against this necessity,
particularly when larger volumes (40 ml) of local anaesthetic are used. Firstly, anatomical
review suggests that, once the iliac fascia is penetrated, there are no relevant diffusion
barriers for local anaesthetics. Secondly, catheters threaded 16-20 cm from the inguinal level
radiographically deviated in 77% of cases but were as effective in motor blockade of the
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femoral nerve, and only marginally less effective in sensory blockade of the femoral nerve,
compared with radiographically well placed catheters (Capdevila et al., 2002). Thirdly, iliac
fascia blocks performed without any nerve stimulation are as effective as femoral nerve
blocks, in both children (Dalens et al.,1989) and adults (Capdevila et al., 1998), suggesting no
clinically meaningful reason for placing catheter tips in close proximity to the femoral nerve.
For these reasons, Birbaum affirmed that well designed studies should to be done to prove the
superiority of stimulating catheters, but not for the femoral nerve (Birnbaum & Volk., 2006).
However , without direct visualization, catheter positions corresponding to the various
stimulating tip-to-nerve distances could only be inferred on the basis of the
neurostimulation recently developed by Johnson et al. (Jonson et al., 2007).

Another common problem to underling is the lack of control of the pain transmitted by the
unblocked obturator nerve in all studies (Morin et al., 2005; Barrington et al., 2008) and the
unblocked sciatic nerve in 2 studies (Morin et al., 2005; Hayek et al., 2006). These unblocked
nerves constitute major confounding factors during assessment of the femoral block based
on pain scores, given that the knee is innervated principally by the femoral, obturator, and
sciatic nerves. In contrast to these studies, ours used a low dose of ropivacaine (0.2%) for
initiation and maintenance of femoral nerve block and eliminated pain from obturator and
sciatic nerves by blocking them.(Pham Dang et al., 2009).

It is conceivable that clinicians with less experience might find that the ability to verify
accuracy of catheter placement with the stimulating catheter system improves their clinical
outcomes. However the introduction of the stimulating catheter requires more expertise than
introduction of the non-stimulating catheter. Placing the catheter to give good contractions
often involves extra manipulation, reintroduction of the needle, or both. Thus, it would not
(necessarily) expect the stimulating catheter to give better results in inexperienced hands.

9.2 Effect on neurostimulation of injectates used for perineural space expansion

A randomized clinical trial (Pham Dang et al., 2009) clinically assessed the electrophysiologic
effect of dextrose 5% in water and of normal saline used for expansion of the perineural space
before placing a stimulating catheter. They questioned if higher current was required with
normal saline but not with dextrose 5% in water, as has been observed experimentally. This
was a prospective randomized double-blind study of ASA I to II patients scheduled for total
knee replacement. Patients were randomly assigned to receive unidentified injectate dextrose
5% in water (n = 25) or normal saline (n = 25). The primary outcome was the minimal intensity
of stimulation (MIS) recorded before and after 2 and 5 mL of study injectates were flushed
through the needle before placing a stimulating catheter for continuous femoral and sciatic
nerve blocks. Secondary outcomes included, among other parameters, minimal intensity of
stimulation recorded during placement of stimulating catheters.

Analysis of the primary outcome using a between-group comparison showed that minimal
intensity of stimulation recorded during electrostimulation via the needle was significantly
higher after normal saline than after dextrose 5% in water in all blocks and at each volume
of injectate. This presumably reflects the electrophysiologic properties of normal saline
versus dextrose 5% in water given the absence of difference between groups with all other
parameters assessed in this study. To conclude, the use of normal saline for expanding the
perineural space led to increased intensity for nerve electrostimulation, which may lead to
potential errors when electrolocating the nerve. Dextrose 5% in water seemed to be a
superior medium for perineural space expansion, which is in agreement with the animal
and clinical studies of Tsui et al.(Tsui et al., 2005).
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9.3 An alternative: Ultrasonographic guidance

Continuous femoral nerve blocks, have recently evolved towards being the gold standard
for acute pain therapy after major reconstructive knee surgery, including total knee
arthroplasty and certain techniques for anterior cruciate ligament reconstruction. As shown
previously, accurate placement of femoral nerve catheters in close proximity to the femoral
nerve, allows for a therapy with low infusion rates and minimal boluses, thus increasing its
effectiveness and allowing for prolonged analgesia (48-72hours) with small portable
disposable pumps in the outpatient setting. Neuro-stimulation and stimulating catheters,
were the basis for perfecting continuous femoral blocks. While usually a simple technique,
with minimal risks, occasionally, even in experienced hands, stimulating catheters present
several shortcomings: lack of placement time consistency, increased costs, lack of direct
visualization of local anesthetic spread, variability in stimulating catheter design and
quality, uncertainty about nerve stimulation endpoints ( Hayek, 2006; Jack et al., 2005; Morin
et al., 2005; Salinas et al., 2004; Birnbaum et al., 2007).

An alternative for assisting with correct catheter placement is ultrasonographic guidance
(Fig. 3- 4- 5).
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Fig. 3. Ultrasound-guided femoral nerve block: in plane approach
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Fig. 4. Ultrasound guided femoral nerve block: needle insertion
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Fig. 5. Ultrasound guided femoral nerve block: catheter insertion
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Ultrasound-guided regional anesthesia is an evolving field and its use has gained enormous
popularity in the last 10 years. In one investigation, the onset of sensory blockade with
ultrasound guidance was significantly shorter and the quality of sensory block significantly
better compared with the nerve stimulator needle-assisted application of local anesthetic
(Marhofer et al., 1997). Addition of ultrasound guidance to nerve stimulation could offer the
benefits of rapid localization and visualization of local anesthetic spread, at the cost of
several disadvantages: need for multiple assistants, increased time and cost; moreover the
tip position can suggest proximity even though sufficient nerve stimulation is not achieved,
injection of local anaesthetic usually produces a clinically effective block.

Other authors have reported both increased block density and lower anesthetic dose
requirements with US-guided techniques when compared with conventional techniques
using nerve stimulators (Marhofer, 1997-1998).

Mariano et al. (Mariano et al., 2009) performed a study were patients receiving a femoral
perineural catheter for knee surgery were randomly assigned to either ultrasound guidance
with a nonstimulating catheter or electrostimulation guidance with a stimulating catheter.
The primary outcome was the catheter placement procedure time (minutes) starting when
the ultrasound transducer (ultrasound group) or catheter insertion needle (electrostimulator
group) first touched the patient and ending when the catheter insertion needle was removed
after catheter insertion. He concluded that for femoral perineural catheter placement, an
ultrasound-guided technique decreases the procedure time compared with nerve electro-
stimulation alone while maintaining a similar success rate. Furthermore, patients in the
ultrasound group reported less procedure-related pain during perineural catheter
placement and had fewer inadvertent vascular punctures (20% less).

It is possible that using a combination of both approaches may offer additional benefits over
either technique alone for brachial plexus perineural catheters (Mariano et al,
2009;Fredricksonet al., 2008). For continuous femoral nerve block the needle is inserted at
the level of the inguinal crease along the long axis of the ultrasound probe. The needle shaft
and needle tip are clearly visible with this approach during advancement of the needle
toward the femoral nerve. Once the needle pierces the fascia iliaca lateral to the nerve, the
needle tip is advanced 2 to 3 mm toward the nerve. This is contrary to the common method
of placing the needle tip in close proximity to the nerve. At this point, 5 mL of dextrose 5%
solution is injected to expand the perineural space, and electrical stimulation conforms a
quadriceps or patellar twitch. The position of the needle in conjunction with the injected
dextrose provides a path for catheter advancement toward the nerve and the catheter tip to
lie in close approximation to the nerve. Had the needle tip initially been placed next to the
femoral nerve, the catheter would have advanced medially past the nerve.

Another method to possibly improve catheter advancement is slight withdrawal of the
catheter guide wire by 1 to 2 cm from the tip. This will provide more flexibility to the
catheter tip but stiffness to the remainder of the catheter during advancement. This may
further decrease the likelihood of catheter advancement away from the tract formed by the
injected dextrose solution, thereby improving the ease of catheter insertion (Niazi et al.,
2009). To date, however, the need for electro-stimulation in addition to ultrasound guidance
remains controversial, especially for lower extremity perineural catheter placement (Chan et
al., 2007; Walker & Roberts, 2007; Beach et al., 2006; Giirkan et al., 2008; Dingemans et al.,
2007).

Moreover combining ultrasound with electro-stimulation does negate any cost advantages
attributed to ultrasound guidance alone (Sandhu et al., 2004).
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10. Conclusions

Randomized controlled trials in the clinical environment have yielded limited evidence to
justify use of stimulating catheters for continuous femoral nerve block after knee surgery. It
can be affirmed that failure of previous studies to show a superiority of stimulating
catheters has perhaps been masked by methodological problems, above all regarding the
dose and volume of local anesthetics used. However ultrasound guidance offer a safe and
cost/ effective technique for femoral catheter placement.

11. Future directions

It is important to design future trials in a consistent manner to make studies comparable and
to enable a standard quantitative meta-analysis. Future study designs need to account for
differences between the primary anesthetic block (bolus or a relatively large mass of
concentrated local anesthetic via either the needle or catheter, typically with a long-acting
agent) and the secondary analgesic block (infusion of a dilute local anesthetic). Injection of
long-acting local anesthetic as the primary block renders interpretation of the secondary
analgesic infusion difficult if not impossible for the first 12 to 24 hrs as the residual analgesic
effects of the primary block may still be effective.
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