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s There Any Need for Expanding the Perineural
pace Before Catheter Placement in Continuous
emoral Nerve Blocks?

harles Pham Dang, M.D., Jérôme Guilley, M.D., Lyndia Dernis, M.D.,
écile Langlois, M.D., Chantal Lambert, M.D., Jean-Michel Nguyên, M.D., Ph.D.,
nd Michel Pinaud, M.D.

Background and Objective: There is debate regarding the benefit of perineural space expansion before
catheter placement in continuous femoral nerve block. This question is addressed in this prospective, compar-
ative, and randomized study.

Methods: Sixty patients scheduled for total knee replacement were randomly assigned to receive continuous
femoral nerve block with or without perineural space expansion using 10 mL dextrose 5% in water (D5W) flush
before stimulation-guided catheter placement. Femoral block was initiated with a 5-mL bolus followed by an
infusion of 5 mL/h ropivacaine 0.2% during the 2-hour surgery. The number of attempts before successful
placement of the stimulating catheter and the resistance during its insertion were assessed. Patients also received
obturator nerve blocks by using ropivacaine 0.75% (10 mL) and sciatic nerve blocks (20 mL). The number of
boluses of ropivacaine 0.2% needed to achieve zero VAS scoring was recorded in the postanesthesia care unit
during the 2-hour stay. Images of the contrast spread were also studied.

Results: There were 30 patients in each group. The number of successful catheter placements at the first
attempt was higher with expansion than without (22 vs. 8, P � .007). The resistance felt during insertion was lower
with than without expansion (P � .01). More boluses of ropivacaine were required postoperatively without
expansion (P � .03). No difference between groups was found regarding the images of the contrast spread.

Conclusion: Expansion of the perineural space with D5W is useful for catheter placement in continuous
femoral nerve block. Reg Anesth Pain Med 2006;31:393-400.

Key Words: Continuous block, Femoral, Dextrose 5% in water, Stimulating catheter.
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ontinuous nerve blocks place a catheter into a
perineural space. Some practitioners use saline

ushes to expand the perineural space to facilitate
atheter passage,1,2 whereas others do not.3 The aim
f this study is to assess the usefulness of expanding
he perineural space before catheter placement. The
tudy used a stimulating catheter as a means of as-
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essing accurate catheter position3 and of dextrose 5%
n water (D5W) as an optimal fluid medium for
eurostimulation.4,5 The study also incorporates find-

ngs from previous studies6,7 that show analgesia in
otal knee replacement surgeries can be optimized by
he addition of an obturator nerve block to a com-
ined femoral and sciatic nerve block. We therefore
ssumed that after having achieved successful single-
hot blocks of the obturator and sciatic nerves, prob-
ems relating to continuous femoral nerve block
ould be isolated and could be specifically investi-

ated. Our hypothesis is that preplacement expansion
ffers technical advantage and improves the quality of
nalgesia after total knee replacement surgery.

ethods

After local ethics committee approval and in-
ormed consent, 60 patients of both genders and

merican Society of Anesthesiologists physical sta-
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us I-II scheduled for total knee replacement were
nrolled in a comparative, prospective, and ran-
omized study. Exclusion criteria were coagulation
isorders, infection at the puncture site, allergy to
ocal anesthetics, allergy to contrast media, and pre-
xisting neurologic dysfunction. The study was con-
ucted in a regional hospital and in a university
ospital. Randomization by means of sealed enve-

opes assigned the patients to receive a continuous
emoral nerve block, either with (group E) or with-
ut (group nE) expansion of the perineural space.
he attending anesthesiologist opened the envelope
hen the patient arrived in the operating room.
erineural space expansion used D5W, as 10 mL
lucose 5% (Aguettant, Lyon, France).
Midazolam 0.10 mg/kg was given orally 30 min-

tes before the patients arrived in the operating
oom. An additional 1 to 2 mg intravenous mida-
olam was administered if needed. All regional tech-
iques were conducted in conscious patients by using
eurostimulation and Stimulong-Plus Set (Pajunk,
eisingen, Germany), available in a 21-gauge �
0-mm insulated needle with an 18-gauge � 50-mm
lastic cannula (short set) or in a 21-gauge � 80-mm
nsulated needle with an 18-gauge � 75-mm plastic
annula (long set) and a polyamid stimulating cath-
ter 20 gauge � 50 cm (gold-plated, atraumatic,
ounded tip, central opening, stimulating stainless
teel wire built into the catheter wall).

The femoral nerve was electrolocated by using
he Winnie approach.7,8 The following unique pro-
ocol was applied: after raising a skin wheal with 2
L lidocaine 1%, the skin was preincised with the

8-gauge needle, and the introducer needle assem-
ly was then inserted and directed toward the fem-
ral nerve with the neurostimulator initially set at
.5 mA (1-2 Hz, 0.1 millisecond) in search of typical
uadriceps contraction (patella dancing). Vastus
edialis quadriceps contraction was accepted only

n case of difficulty. In group E, as soon as patella
ances were obtained, amperage was decreased to
0.5 mA, occasionally after slight redirection of the
eedle, and then 10 mL D5W were flushed through
he needle in order to expand the perineural space.
fter verifying correct stimulation, notably after
aving slid the cannula 5 mm forward when using
he long set, the needle was pulled out and the
timulating catheter was threaded through the plas-
ic cannula while stimulating. The catheter was ad-
anced 3 to 5 cm beyond the cannula tip. The inten-
ity of stimulation via the catheter at its final position
ad to be as close as possible to that obtained from the
eedle. In group nE, this identical procedure was fol-

owed without preplacement expansion.
During catheter placement, 3 atypical scenarios
an be encountered: (1) no motor response at all up w
o 5 mA, (2) initial motor response disappears after
to 2 cm of catheter advancement, or (3) motor

esponses requiring an intensity higher than 1.5
A. In these conditions, the anesthesiologist rolled

he catheter between thumb and index finger, mov-
ng it backward and forward through the plastic
annula, in search for a motor response with low
mperage. If no quadriceps contraction appeared or
f it appeared with an amperage �3 mA, the anes-
hesiologist was then allowed to repeat the proce-
ure. This consisted of pulling out the catheter and
epositioning the introducer needle assembly by
sing the same or a different puncture site. In group
, additional 2 mL of D5W was allowed for expan-
ion in each try, without exceeding a total volume
f 20 mL. A maximum of 5 tries was allowed, after
hich the catheter was left in place, no matter
hether the motor responses were absent or
resent at high amperage.
Muscular twitches, amperage during catheter pas-

age, and at final catheter position, the depth at
hich the catheter was secured, and the resistance
uring catheter insertion (0 � no resistance, 1 �
ild, and 2 � high resistance) were recorded by the

ttending anesthesiologist. All catheters were se-
ured by surgical sutures and adhesive. Femoral
lock was initiated with 5 mL ropivacaine 0.2%
ollowed by infusion of 5 mL/h during surgery
mostly 2 hours). Femoral block was followed by
bturator and sciatic nerve blocks, which were always
uccessful blocks. Obturator nerve was electrolocated
sing techniques described elsewhere,6,7,9 and ropi-
acaine 0.75% 10 mL was injected after eliciting
high adduction at appropriate amperage. Sciatic
erve was electrolocated by using the lateral mid-

emoral approach,10-13 and ropivacaine 0.75% 20
L was injected after eliciting plantar or dorsiflex-

on of the foot at appropriate amperage. Electrolo-
ation of these nerves was recorded by the attend-
ng anesthesiologist.

No preoperative evaluation of block extent was
erformed in order to avoid introducing any bias
nto postoperative assessment and to avoid delaying
he surgery. The 3 nerve blocks preceded surgery,
hich was performed under general anesthesia in-
uced with propofol, remifentanil, and atracurium
efore intubation for controlled ventilation. Gen-
ral anesthesia was maintained with sevoflurane
nd remifentanil.
Postoperatively, patients were transferred to the

ostanesthesia care unit (PACU). At the same time
s radiologic controls of the knee prostheses were
erformed, 5 mL contrast media (Omnipaque; Io-
exol 180, Nycomed Amersham, Paris, France)

ere injected via the catheters and anterior-poste-
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Continuous Femoral Nerve Block • Pham Dang et al. 395
ior radiography of the pelvis was obtained for in-
erpretation.

The femoral catheters were connected to a pa-
ient-controlled analgesia device delivering ropiva-
aine 0.2% (5 mL/h continuous infusion, 5 mL
olus, and 15-minute lockout). After extubation,
ain was assessed at rest by a nurse blinded to the
egional technique at 30-minute intervals, during
he 2 hour stay in the PACU, by using the visual
nalog scale VAS (0 � no pain and 100 mm �
aximum pain). At the same time as the VAS

cores were collected, motor and sensory extent of
he blocks was examined by the nurse, based on the
rading scale M S (M for motor and S for sensory).
otor block was defined as M0 (no contraction), M1

isometric contraction but no motion), M2 (com-
lete motion possible without the action of gravity),

3 (complete motion against gravity), M4 (com-
lete motion against resistance), and M5 (normal).
ensory block was defined as S0 (no sensation at
ll), S1 (sensation but inability to distinguish appli-
ation of the head or point of a pin), S2 (sharp
ingling and stinging sensation), S3 (localization
orrect of 2 points within 2 cm distance), and S4

normal sensation accurately localized using re-
ponse to pinprick). Femoral block was examined
ased on the ability to raise the extended leg from
he bed (motor testing) and to feel a pinprick on the
nterior aspect of the thigh. Sciatic block was ex-
mined based on motor and sensory tests on the
oot. Obturator nerve block was tested principally
ased on the ability to adduct the operated thigh.
In the case of VAS scores �40 mm, the nurse was

nstructed to deliver 1 bolus of 5 mL ropivacaine
.2% every 15 minutes. If the VAS score remained
40 mm after 2 boluses, intravenous morphine

oluses of 2 mg were supplemented and repeated
very 10 minutes and the attending anesthesiolo-
ist was consulted. The latter had to re-examine the
atient, particularly the operated limb and the ra-
iography of the contrast media spread. More bo-
uses of ropivacaine in combination with intrave-
ous morphine could be administered depending
n this examination.
A successful femoral block was defined by M0S0

nd VAS � 0, 60 minutes after extubation including
locks that had required some local anesthetic bo-
uses. A failed block was defined by an incomplete
emoral nerve block with VAS score �0 at the time
f discharge from the PACU. Data were collected
uring the PACU stay. No further investigation was
ade after patients’ discharge from the PACU.
The primary outcomes relating to the technical

spects included the number of attempts before
uccessful electrolocation of the femoral nerve via

he stimulating catheter and the resistance encoun-
ered during its insertion. The primary outcome
elated to quality aspects of analgesia, as indicated
y the number of boluses needed to achieve zero
AS score during PACU stay. Secondary outcomes

ncluded the images of contrast spread and various
haracteristics of neurostimulation. An extra ana-
omic study, based on dissection of 2 fresh cadavers,
as performed to attempt to correlate ease of cath-

ter passage with anatomy.

tatistical Analysis

The sample size of patients per group was calcu-
ated based on results from a preliminary study14

howing that expansion resulted in a 40% reduced
ikelihood of needing more than 1 catheter pass
ttempt. It was estimated that 30 patients per group
ere required to detect this difference with � � 5%

nd power � 80%. Qualitative data were presented
s number (%) and analyzed by chi-square and
isher exact tests. Quantitative data were expressed
s mean � standard deviation and analyzed by a
tudent t test. A nonparametric test was used if the
istribution of variables was not normal. Indepen-
ence of data was also tested. S-PLUS version 6.2
or Windows 2001 (Insightful Corporation, Seattle,

A) was used. The performance of the stimulating
atheter in determining successful blocks was stud-
ed, based on parameters such as sensitivity, speci-
city, positive predictive value, and negative pre-
ictive value.15

esults

A regional hospital enrolled 33 patients, and a
niversity hospital enrolled 27 patients. Thirty pa-

Table 1. Demographics, Characteristics of
Electrolocation, and Femoral Nerve Block Success

Group E Group nE

Age (y) 68 � 13 70 � 8
Weight (kg) 77 � 14 84 � 14
Height (cm) 164 � 10 161 � 7
Gender (f/m) 15/15 17/13
Stimulation from needle (mA) 0.4 � 0.1 0.4 � 0.1
Stimulation from catheter in place (mA) 0.5 � 0.3 0.6 � 0.4
Stimulation during catheter insertion

(mA) 0.5 � 0.3 0.5 � 0.3
Needle depth (cm) 4.0 � 1.0 4.0 � 0.9
Catheter depth (cm) 8.5 � 1.9 8.5 � 2.0
Muscular twitches elicited by needles

Patella dances (n) 30 28
Muscular twitches elicited by catheters

Patella dances (n) 24 22
Vastus medialis 6 6
None 2

Quality of blocks (success/failure) 29/30 26/30
NOTE. All comparisons found no significant difference.
Abbreviations: f, female; m, male.
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ients were assigned to receive expansion (group E)
nd 30 to receive no expansion (group nE). The 2
roups were comparable regarding demographics,
haracteristics of electrolocation, and quality of the
emoral nerve block (Table 1). Successful electrolo-
ation was obtained from 60 needles and from 58
atheters. In 2 patients from group nE, electroloca-
ion through the catheter was unsuccessful after 5
ttempts. These 2 catheters were left in place, and
ata were considered in an intent-to-treat analysis.
verall, the intensity of stimulation of the femoral
erve was significantly lower (P � .0001) through

he needles than through the catheters during in-
ertion or at final position. This was still true on
elected patients (Table 2). Obturator and sciatic
erves were successfully blocked in all patients (Ta-
le 2). Examination of the femoral nerve block at
0 minutes after extubation found a score M0S0 in
6 of 28 successful electrolocations in group nE.
wo patients of the group nE had failed blocks
M3S2 and VAS � 40 mm) despite successful elec-
rolocation (details reported in Table 3). One of
hem required 3 ropivacaine boluses and 6 mg in-
ravenous morphine to improve the scoring before
ischarge from the PACU (M2S2, VAS � 20 mm),

Table 2. Results of Neurostimulation

Minimum intensity of femoral nerve stimulation (Mean � SD)

Needle
Catheter

(insertion)
Catheter
(in place)

0.37 � 0.15 mA* 0.53 � 0.38 mA 0.54 � 0.36 mA
0.36 � 0.15 mA† 0.50 � 0.29 mA 0.48 � 0.28 mA
Obturator nerve blocks

Amperage (mean � SD) 0.6 � 0.3 mA
Depth (mean � SD) 4.5 � 1.0 cm
Motor scores (centiles) 10th � 0; 25th � 0; 50th � 0;

75th � 1; 90th � 2
Sciatic nerve blocks

Amperage (mean � SD) 0.4 � 0.1 mA
Depth (mean � SD) 7.5 � 2.0 cm

- Motor-sensory scores
(centiles)

0 for all centiles

Abbreviation: SD, standard deviation.
*Analysis on 60 patients, difference (P � .0001) between nee-

les and catheters.
†Analysis on 44 patients with typical blocks, difference (P �

0002).

Table 3. Individual Values of Ele

Technique Needle Stimulation Needle Depth
C

nE 0.2 mA 3 cm
nE 0.6 mA 4 cm
nE 0.4 mA 6 cm
nE 0.6 mA 4 cm
E 0.3 mA 4 cm
Abbreviations: nE, no expansion; E, expansion.
hereas the second patient required only 2 ropiva-
aine boluses before reaching M2S2 and VAS � 0.
wo patients of the group nE (124 kg and 163 cm,
00 kg and 158 cm) had unsuccessful electroloca-
ion and failed blocks (M3S2, VAS � 40 mm) and
eceived 2 boluses of ropivacaine 0.2%. One of
hem received 8 mg intravenous morphine. At dis-
harge from the PACU, both had zero VAS and

2S0 scoring. In group E, a score M0S0 was found 30
inutes after extubation in 29 of 30 successful elec-

rolocations. A score M2S2 and VAS � 30 mm was
btained in 1 case and decreased to M1S0 and VAS �
at discharge from the PACU, after 1 ropivacaine

olus and without morphine supplementation.
The primary outcomes are reported in Table 4.

he number of successful catheter placements at
rst attempt was higher with expansion than with-
ut (P � .007). The resistance encountered during
atheter insertion was significantly higher without
han with expansion (P � .01).

The number of patients who required �1 ropiva-

cation in Failed Femoral Blocks

r Stimulation
sertion)

Catheter Stimulation
(in place) Catheter Depth

.5 mA 0.6 mA 7 cm
None None 8 cm
None None 12 cm
.5 mA 0.5 mA 15 cm
2 mA 1.4 mA 7 cm

Table 4. Primary and Secondary Outcomes

Group
Expansion

Group
Nonexpansion

P
Value

Primary outcomes
Attempts (n) .007

1 22 8
2 6 16
3 1 4
5 1 2 (failed)

Resistance during
catheter insertion (n) .01

0 17 9
1 10 11
2 3 10

Boluses of ropivacaine (n) .03
0 bolus 27 20
1 bolus 1 5
2 boluses 2 4
3 boluses 0 1

Secondary outcomes
Images of contrast spread NS

Typical 23 21
Atypical 6 6
Lateral 1 3

NOTE. Resistance scoring; 0, no resistance; 1, mild resis-
ance; and 2, very resistant.

Abbreviation: NS, not significant.
ctrolo

athete
(in

0

0
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Continuous Femoral Nerve Block • Pham Dang et al. 397
aine 0.2% bolus to reach zero VAS scoring was
ignificantly higher in group nE (P � .03). Five
illiliters followed by 2 hours of infusion with 5
L/h of ropivacaine 0.2% were enough to block

he femoral nerve in 47 out of 60 patients, regard-
ess of the technique used.

As secondary outcomes, the radiologic interpre-
ation of contrast spread found 3 types of images
i.e., typical, atypical, and lateral). The typical im-
ge is defined by a contrast spread that goes prox-
mal, crosses the acetabulum, and rises oblique and
ephalad toward the vertebra (Fig 1). The atypical
mage corresponds to a contrast spread, which does
ot cross the acetabulum proximally but goes
ownward and distal (Fig 2). The lateral image (Fig
) is characterized by a contrast spread going later-
lly toward the iliac crest. Expansion or no expan-
ion did not influence the frequency of the types of
mages encountered (Table 4). The types of con-
rast spread were significantly correlated to the
eed for postoperative boluses (R � �0.6, P �

0001). Typical images were associated with no
eed for postoperative bolus, in contrast to atyp-

cal and lateral images being associated with need
or postoperative boluses. There was no correla-
ion between stimulation intensity via the cathe-
er and types of contrast-spread images. Catheter
timulation with low intensity resulted in 44 typ-
cal images but also in 11 atypical images. Inten-
ity of stimulation higher than 1 mA or absence of
timulation resulted in 4 lateral images and 1 atyp-

ig 1. Anteroposterior radiography of pelvis showing a

ypical image of contrast spread (arrows). l
cal image. Two lateral images were associated with
ailed blocks (group nE). Three atypical images
ere associated with failed blocks (2 in group nE

nd 1 in group E).

ig 2. Anteroposterior radiography of pelvis showing an
typical image of contrast spread (arrows).

ig 3. Anteroposterior radiography of pelvis showing a

ateral image of contrast spread (arrows).
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The overall results (Table 5) of catheter stimula-
ion as effective (labelled as S�) or ineffective (la-
elled as S�) and the resulting successful or failed
locks (labelled as B� and B�, respectively) noted
5 true positives (S�, B�), 3 false positives (S�,
�), 2 true negatives (S�, B�), and 5 failed blocks.

n total, there were 58 effective catheter stimula-
ions (55 true positives plus 3 false positives) and 2
neffective catheter stimulations associated with
ailure (true negative). There were no false negatives
S�, B�). Hence, the performance of the stimulating
atheter in guaranteeing continuous femoral nerve
lock success was assessed by the following parame-
ers. The accuracy (true positives � true negatives
ivided by the total number of patients, 57/60) was
5%. The sensitivity (true positives divided by the
umber of successful blocks, 55/55) was 100%. The
pecificity (true negatives divided by the failed blocks,
/5) was 40%. The positive predictive value (true
ositives divided by the number of effective elec-
rolocations, 55/58) was 96%. The negative predic-
ive value (true negative divided by the number of
he ineffective electrolocations, 2/2) was 100%.

iscussion

We believe this is the first study designed to
etermine the need for perineural space expansion
efore catheter placement. The primary outcomes
n this study advocate in favor of expansion because
he latter resulted in more successful catheter first-
ass placement and less resistance to insertion, al-
hough we acknowledge the weakness because of
onblinded data collection. Such a condition of in-
estigation is difficult to avoid. We concede that the
igher resistance found in group nE during catheter

nsertion, a subjective but nonetheless technical pa-
ameter that has been disregarded by some au-
hors16 because of its inability to predict correct or
ncorrect catheter positioning, might be invalidated
or this methodological reason. However, the num-
er of first-pass catheters reflecting the utility of
replacement expansion was a solid finding, thanks
o the objectivity from neurostimulation, to ran-
omization, and to regional techniques being clas-
ically blind anatomic techniques. Furthermore, the

Table 5. Quality of Blocks and Catheter Stimulations

Successful
Block (B�)

Failed Block
(B�) Totals

Successful stimulation (S�) 55 3 58
Failed stimulation (S�) 0 2 2
Totals 55 5 60
ewer boluses needed in group E to achieve zero w
AS scores show that expansion was advantageous.
his issue was strenghtened by a blinded collection
f data.
The secondary outcomes also raise interesting is-

ues. The 3 radiologic types of contrast spread were
ot a surprise regarding the typical and lateral im-
ges of contrast spread; however, the atypical image
as unexpected. The results on typical images con-
rmed what has been found in previous studies.1,2

hey guarantee good femoral block quality, which,
ombined with effective obturator and sciatic nerve
locks, provides a surgical quality of analgesia.6,7

ailed electrolocation via the stimulating catheters
bviously resulted in lateral images and in failed
locks. The atypical images with distal spread of
ontrast surprisingly have not been identified and
eported in previous studies.1,2,16 They were ob-
ained after successful electrolocation and associ-
ted with some block failure. They highlighted
ome problems concerning a possible misuse of the
timulating catheter and neurostimulation. An in-
erview of anesthesiologists made clear that some
ractitioners tend to direct the introducer needle
ssembly toward the femoral nerve at a steep angle,
hich facilitates nerve location but makes the cath-

ter curl and go distally. Catheter insertion to an
xcessive distance also favored catheter curling. We
nfortunately did not observe any catheter curling
ecause the catheter is insufficiently radio-opaque,
nd its placement was not performed under fluoro-
copic guidance; thus, we can only speculate that,
nder the conditions of this study, catheter curling
esulted in distal spread of contrast. Perhaps cathe-
er curling was the reason for a failed block reported
n Table 2. This failed block had an atypical image,
nd the catheter was advanced to 15 cm. We sug-
est that steep angulations of the needle and such a
epth of catheter insertion should be avoided.
The possibility of aberrant migration of the cath-

ters from an initially correct point of needle inser-
ion and indicated by low amperage of stimulation
equires explanation. We suggest a speculative an-
tomical explanation through the dissection of 2
resh cadavers. Under the fasciae lata and iliaca, we
ound a true labyrinth with several passageways
round the femoral nerve (Fig 4). One passageway
as along the femoral nerve, whereas the others
iverged. These normally virtual passageways be-
ame visible after tissue separation, as shown in
igure 4. We speculate that the preplacement ex-
ansion with D5W widens the correct passageway
or the catheter to go straight in. However, the
atheter can pierce the loose walls and snake into a
rong passageway or it may instead curl down.
his might explain why we lost initial stimulation

hen we advanced the catheter, even after manip-
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lation. Without expansion, these passageways, in-
luding the correct one, remain shut or collapsed.
he aforementioned aberrant catheter migrations
ight be more likely to happen in, and could ex-

lain the higher number of attempts in, group nE.
The low doses of ropivacaine 0.2% (5 mL bolus

ollowed by 5 mL/h infusion) purposefully chosen
n this study merit comment. They confirm that
ccurate placement of the stimulating catheter results
n substantial decrease in local anesthetic consump-
ion. This decrease has been reported in previous
tudies1,2 and supported by others of continuous sci-
tic nerve blocks.17,18 This appeared as a solution to
void the high plasma concentrations (reaching
,201 ng/mL) reported by some authors after 48
ours of infusion of ropivacaine 2% at 12 mL/h
round the femoral nerve.19 It is the low doses of
opivacaine that probably unmasked the difference
etween the various positions of the femoral cath-
ters in this study. Finally, this decrease in anes-
hetic consumption indirectly shows the high accu-
acy of stimulating catheters by high sensitivity and
igh predictive values as calculated in this study.
his could mean that we can now predict the anal-
esic consumption and obtain significant accuracy
ith the technique of catheter placement, but this
bservation must be subject to rigorous study.
Although it was not the purpose of this study, the

bsence of difference in characteristics of electrolo-

ig 4. Dissection of the right inguinal zone (right) of a fre
left) of another fresh cadaver (female, 55 kg, 156 cm) sho
orrect passageway containing the femoral nerve. 2,3, and
y yellow string on the left photo); A, femoral artery; FL,
hoto point out these fascias.
ation between groups confirmed that D5W was an
ptimal fluid medium for expansion as D5W main-
ained the electrolocation.4,5 However, the results
howed that catheters still required more current
han did needles to stimulate. In the conditions of
ur study, this difference could be a matter of dis-
ance, which, on the basis of electrophysical laws,
ight be different between the nerve and the nee-

le or the catheter. Having said this, these data
ppear within the ranges reflecting appropriate
atheter–nerve proximity.
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