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ABSTRACT

Background: Whether the method of local anesthetic ad-
ministration for continuous femoral nerve blocks—basal in-
fusion versus repeated hourly bolus doses—influences block
effects remains unknown.
Methods: Bilateral femoral perineural catheters were in-
serted in volunteers (n � 11). Ropivacaine 0.1% was con-
currently administered through both catheters: a 6-h contin-
uous 5 ml/h basal infusion on one side and 6 hourly bolus
doses on the contralateral side. The primary endpoint was

the maximum voluntary isometric contraction (MVIC) of
the quadriceps femoris muscle at hour 6. Secondary end-
points included quadriceps MVIC at other time points, hip
adductor MVIC, and cutaneous sensation 2 cm medial to the
distal quadriceps tendon in the 22 h after initiation of local
anesthetic administration.
Results: Quadriceps MVIC for limbs receiving 0.1% ropiva-
caine as a basal infusion declined by a mean (SD) of 84% (19)
compared with 83% (24) for those receiving 0.1% ropivacaine
as repeated bolus doses between baseline and hour 6 (paired
t test P � 0.91). Intrasubject comparisons (left vs. right) also
reflected a lack of difference: the mean basal-bolus difference in
quadriceps MVIC at hour 6 was �1.1% (95% CI �22.0–
19.8%). The similarity did not reach the a priori threshold for
concluding equivalence, which was the 95% CI decreasing
within � 20%. There were similar minimal differences in the
secondary endpoints during local anesthetic administration.
Conclusions: This study did not find evidence to support the
hypothesis that varying the method of local anesthetic administra-
tion—basal infusion versus repeated bolus doses—influences con-
tinuous femoral nerve block effects to a clinically significant degree.

A CONTINUOUS femoral nerve block (cFNB)—also
termed “perineural local anesthetic infusion”—is fre-

quently used to provide analgesia after major knee surgery.1

Although inhibition of pain fibers is the primary goal of
cFNB, currently available local anesthetics approved for clin-
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What We Already Know about This Topic

• Whether the method of local anesthetic administration (re-
peated bolus or continuous infusion) alters safety and efficacy
of continuous femoral nerve blocks after surgery is not clear

What This Article Tells Us That Is New

• In 11 healthy volunteers receiving femoral nerve block with
ropivacaine continuously or by hourly boluses, there was no
difference in the degree of motor block of the quadriceps,
suggesting no advantage of one method over the other for this
unwanted effect
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ical use also influence other afferent (e.g., non–pain-related
sensory and proprioception) and efferent (e.g., motor) nerve
fibers.2 Consequently, one well-recognized side effect of
perineural infusion is muscle weakness,3 which is particularly
undesirable during cFNB because the femoral nerve inner-
vates the quadriceps femoris muscle required for ambulation,
in itself a critical component of postoperative rehabilitation
of the knee. Recently published data suggest that perineural
infusion involving the femoral nerve increases the risk of
falling.4 Because perineural infusions are often provided for
analgesia after major surgical procedures in elderly patients,
and a fall in this patient population may prove cata-
strophic,5,6 it is imperative that any fall risks be minimized.
The potential gravity of the issue is suggested in the more
than 500,000 knee arthroplasties performed every year in the
United States alone, with that number expected to increase
to 3.5 million annually within the next 20 yr.7

Because quadriceps femoris weakness is associated with
significant functional disability8 and an increased risk of falls
in elderly patients,9 it is postulated that any nerve block–
induced muscle weakness is best minimized during perineu-
ral local anesthetic infusion.4–6 Various femoral perineural
infusion strategies have failed to decrease muscle weakness
while still providing adequate analgesia. For example, de-
creasing the local anesthetic dose results in decreased muscle
weakness, yet also reduces analgesia.10 Alternatively, decreas-
ing the concentration of local anesthetic and increasing the
delivered volume—to retain total delivered dose—has
demonstrated little effect on either sensory or motor
block.11However, one recent study involving continuous
popliteal-sciatic nerve blocks after hallux valgus repair re-
ported increased analgesia without a concurrent increase in
motor block via administration of local anesthetic in re-
peated 5-ml hourly boluses compared with a 5 ml/h contin-
uous infusion.12These results raise the exciting possibility of
decreasing the fall risk during cFNB by decreasing muscle
weakness while maintaining analgesia.

We therefore tested the hypothesis that changing the local
anesthetic delivery method (continuous basal infusion vs.
repeated bolus doses)—while providing an equal total local
anesthetic dose—produces relatively equivalent effects when
used for cFNB. The primary endpoint was the difference in
maximum voluntary isometric contraction (MVIC) of the
quadriceps femoris muscle expressed as a percentage of the
baseline measurement 6 h after initiation of local anes-
thetic administration. Secondary endpoints included
quadriceps femoris MVIC at other time points, hip ad-
ductor MVIC, and cutaneous sensation 2 cm medial to
the distal quadriceps tendon in the 22 h after initiation of
local anesthetic administration.

Materials and Methods

Enrollment
Our local institutional review board (University of California
San Diego, San Diego, CA) approved all study procedures.

The trial was prospectively registered at clinicaltrials.gov
(NCT01144559). Enrollment included a convenience sam-
ple of relatively healthy adult (�18 yr) volunteers of both
sexes. Exclusion criteria included current daily analgesic use,
any opioid use within the previous 4 weeks, any neuro-
muscular deficit of either femoral nerves and/or thigh
musculature, body mass index greater than 35 kg/m2,
pregnancy, and incarceration. Any individual (e.g., medi-
cal trainees or study coordinators) whose nonstudy per-
formance was potentially evaluated by the principal inves-
tigator (B.I.) was considered part of a “vulnerable
population” and excluded from volunteering as a study
subject as mandated by current United States ethical
guidelines.13 All participants provided written, informed
consent before any study procedures. This study was un-
dertaken in a Clinical and Translational Research Insti-
tute (University of California, San Diego, CA).

Perineural Catheter Insertion
While in the supine position, subjects had an intravenous
line placed in the upper extremity, standard American Soci-
ety of Anesthesiologists-recommended external monitors ap-
plied, and oxygen administered by nasal cannula (3 l/min).
Intravenous midazolam (1 mg) and fentanyl (50 �g) were
administered, while ensuring that patients remained respon-
sive to verbal cues. Any hair in the area that would be subse-
quently covered by the catheter dressings was removed with a
surgical hair clipper. After sterile preparation (chlorhexidine
gluconate and isopropyl alcohol) and draping, bilateral fem-
oral perineural catheters were inserted by use of the identical
insertion protocol. Catheters on the dominant side (right vs.
left) were always inserted first.

With a 13–6 MHz 38-mm linear array transducer (HFL
38x, SonoSite M-Turbo, Bothell, WA) in a sterile sleeve, the
femoral nerve was identified in a transverse cross-sectional
(short axis) view at the inguinal crease. A local anesthetic skin
wheal was raised lateral to the ultrasound transducer. An
uninsulated, 8.9-cm, 17-gauge, Tuohy-tip needle (FlexTip,
Arrow International, Reading, PA) was inserted through the
skin wheal and directed medially in-plane beneath the ultra-
sound transducer toward the femoral nerve with an anterior
bevel direction. Normal saline (5 ml) was injected as the
needle tip approached the lateral edge of the femoral nerve to
open the space between the nerve and underlying muscle to
avoid needle-nerve contact. A 19-gauge flexible epidural-
type catheter (FlexTip) was then placed through the length of
the needle and advanced 0.5 cm beyond the needle tip pos-
terolateral to the nerve. With the catheter tip remaining vis-
ible by ultrasound to ensure that its position remains fixed,
the needle was withdrawn over the catheter until the needle
tip was superficial to the iliac fascia. The needle was then held
in place and 2 cm of catheter inserted above the iliac fascia
while ensuring that the catheter tip remained stationary; the
needle was withdrawn over the remaining catheter. The in-
jection port was attached to the catheter and the catheter
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secured with sterile liquid adhesive, an occlusive dressing,
and an anchoring device.

Randomization
The dominant side (right or left) was randomized to one of
two treatment groups: ropivacaine 0.1% was administered as
either a basal-only infusion (5 ml/h) or bolus-only doses (5
ml administered once hourly). The nondominant, contralat-
eral side received the other possible treatment. In this way,
subjects acted as their own controls. Randomization was
based on computer-generated codes in blocks of two, strati-
fied by sex. The Investigational Drug Service prepared the
randomization list and all ropivacaine infusions. Two
100-ml sterile bags were filled with ropivacaine 0.1% and
connected to disposable infusion pump cassettes and inte-
grated tubing (fig. 1). One bag was labeled “Basal,” and the
opposite end of its tubing was labeled either “dominant” or
“other,” depending on the randomization for each subject.
The other bag was labeled “Bolus,” and the opposite end of
its tubing was labeled either “dominant” or “other.” The two
pieces of tubing were then gently wound at least five rota-
tions and covered with opaque tape, masking from all but the
Investigational Drug Service pharmacists which tubing deliv-
ered the basal and bolus dosing (ropivacaine is clear, so the flow
through the clear tubing from the tape to the perineural cathe-
ters was not visually distinguishable). The Investigational Drug
Service delivered this apparatus to the investigators.

The investigators programmed two electronic, portable
infusion pumps (ambIT PCA, Summit Medical, West Jor-
dan, UT), one delivering a continuous basal infusion (5
ml/h) and the other on-demand bolus doses (5 ml). These
infusion pumps were attached to the appropriate cassettes
connected to the ropivacaine reservoirs labeled either “Basal”
or “Bolus” by the Investigational Drug Service. The remain-
ing tubing ends were connected to the femoral catheters, as
they were labeled either “Dominant” or “Other.” In this
manner, all investigators, nursing staff, and subjects re-
mained masked to treatment group assignment: all subjects
received both a basal-only infusion and repeated bolus doses,
but which femoral catheter received which treatment re-
mained unknown.

Perineural Infusion
At hour 0, both infusion pumps were turned on. The infu-
sion pump providing a basal infusion of 5 ml/h remained
active for 6 h (30 ml � 30 mg). The infusion pump provid-
ing bolus doses of 5 ml was activated by one of the investi-
gators at hour 0, and every hour afterward for a total of six
delivered bolus doses (30 ml � 30 mg); the final dose was at
hour 5. Infusion pumps were turned off at hour 6, and the
perineural catheters removed.

Subjects remained in the Clinical and Translational Re-
search Institute for 23 h, or until quadriceps femoris strength
had returned to baseline concentrations, whichever was longer.

Outcome Measurements
We selected measures that have established reliability and
validity9,14–17 and minimal interrater discordance.16 Mea-
surements were performed at hour 0 (baseline) and hourly
until hour 14, as well as the following morning at approxi-
mately hour 22. In addition, measurements were performed
every 10 min from hour 0–1 and 5–6. In all cases, measure-
ments were taken in the seated position with the dominant
side measured before the nondominant side. Initially, quad-
riceps femoris strength was evaluated, followed by hip adduc-
tor strength, and then tolerance of transcutaneous electrical
stimulation slightly medial to the distal quadriceps tendon.

Muscle Strength
We evaluated muscle strength with an isometric force elec-
tromechanical dynamometer (MicroFET2, Lafayette Instru-
ment Company, Lafayette, IN) to measure the force pro-
duced during a MVIC in a seated position with the knees
flexed at 90°.16 For quadriceps femoris evaluation, the dyna-
mometer was placed on the ipsilateral anterior tibia perpen-
dicular to the tibial crest just proximal to the medial malle-
olus.15–17 For hip adductor evaluation, the femoral shaft was
held at 30° off midline and the dynamometer placed over the
medial femoral epicondyle (adductor tubercle). For all mea-
surements, subjects were asked to take 2 s to reach maximum
effort contracting the target muscle(s), maintain this effort for
5 s, and then relax.9,17 The measurements immediately before

Fig. 1. Infusion apparatus allowing randomized, double-
masked local anesthetic administration.

Basal versus Bolus Dosing for CPNB
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perineural ropivacaine administration were designated as base-
line measurements, and all subsequent measurements are ex-
pressed as a percentage of the preinfusion baseline.9

Sensory Effect
We evaluated tolerance of transcutaneous electrical stimula-
tion with the same quantitative procedure as described pre-
viously.11,14 Electrocardiogram pads were placed 2 cm me-
dial to the distal quadriceps tendon and attached to a nerve
stimulator (EZstimII, Model ES400; Life-Tech, Stafford,
TX). The current was increased from 0 mA until subjects
described mild discomfort, at which time the current was
recorded as the tolerated level and the nerve stimulator
turned off. All sensory measurements are expressed as a per-
centage of each patient’s preinfusion baseline.

Statistical Analysis
Sample size calculations were based on our primary hypoth-
esis that differing the method of perineural local anesthetic
administration (continuous basal infusion vs. repeated bolus
doses)—while providing an equal total dose—produces
comparable effects when used in cFNBs. The primary end-
point was the quadriceps femoris MVIC, expressed as a per-
centage of the baseline MVIC at hour 6. We consider a
difference of 20 percentage points to be clinically relevant
because a 10% side-to-side strength difference is common,
yet functionally unnoticeable in healthy individuals.18,19We
used the method described by Armitage et al.20 whereby we
would conclude equivalence if the 95% CI for the difference
falls within a prespecified tolerated interval (�20%–20%).
Based on previously published data, we assumed that the SD
of the percent change from baseline in MVIC would be
16%.14 Assuming a within-subject correlation of percent
change from baseline in MVIC of 0.4, this value yields a SD
of the treatment difference of 17.5% � [16%2 � 2� (1–
0.4)]1/2. Under these assumptions, a trial with n � 11
subjects would correctly conclude there is no treatment
difference with probability 85% (power), and incorrectly
conclude equivalence when there is a difference of 18%
with probability 5% (�). Subjects were deemed nonre-
sponders if one or both extremities failed to exhibit more
than 20% change from baseline in quadriceps femoris
MVIC or sensory effect at hour 4. Nonresponders were
not included in the primary analyses, but were included in
post hoc intent-to-treat analyses.

We applied the same analysis of percent change from
baseline at hour 6 to the secondary outcome measures. In
addition, we examined the time profiles of the responses over
time with spaghetti and mean plots. Further secondary anal-
yses included mixed-effects modeling of the repeated hourly
measures to confirm the analysis of percent change at hour 6.
These models accounted for the hierarchical correlation of

paired measures from each subject over time. We adjusted
the P values for each of the 25 time points considered using
the Holm method.21 These analyses were executed using R
version 2.12 (2010).‡‡ Additional analyses included the
Mann–Whitney U test for nonparametric comparisons and
chi-square test for categorical variables (GraphPadInStat,
GraphPad Software, San Diego, CA).

Results

Fifteen subjects were enrolled during a 3-month period be-
ginning July 2010. All had bilateral femoral perineural cath-
eters successfully inserted per protocol. Each subject’s dom-
inant side was randomized to either one of the two
ropivacaine 0.1% treatments—a continuous 5 ml/h basal
infusion for 6 h or 6 hourly 5-ml bolus doses—and the
nondominant side received the opposite treatment. Four
subjects did not exhibit at least a 20% change from baseline
in either their quadriceps MVIC or sensory effects (table 1).
Although only the remaining 11 subjects were included in
the primary analyses, all 15 subjects were included in the
intent-to-treat analyses (table 1).

Quadriceps femoris MVIC for limbs receiving 0.1% ropi-
vacaine as a basal infusion declined by a mean (SD) of 84%
(19) compared with 83% (24) for limbs receiving 0.1% ropi-
vacaine as repeated bolus doses between baseline and hour 6
(paired t test P � 0.91). Intrasubject comparisons (left vs.
right) also reflected this lack of difference: the mean basal-
bolus difference in quadriceps MVIC at hour 6 was �1.1%
(95% CI �22.0–19.8%). The similarity did not reach our a
priori threshold for concluding equivalence, which was the
95% CI decreasing within � 20%. The mixed-effects model
of the repeated measures of basal-bolus differences over time
resulted in a tighter CI for quadriceps femoris MVIC at 6 h
(95% CI �20.8–18.6%), but the CIs were still not within
�20–20% at any observed time point. On the contrary, at
hours 10 through 14, the basal-bolus difference in MVIC
was statistically significant (P � 0.05), and the difference at
hours 12 and 13 retained significance (P � 0.01) after the
Holm adjustment.

There were similar minimal differences between treat-

‡‡ R Software Environment for Statistical Computing, R Founda-
tion for Statistical Computing (version 2.12), Vienna, Austria. Avail-
able at: http://www.r-project.org. Accessed October 15, 2010.

Table 1. Anthropometric Subject Characteristics

Included in
Primary

Analyses
(n � 11)

Excluded from
Primary

Analyses
(n � 4)

P
Value

Age (yr) 26 (4) 26 (3) 0.85
Sex (female/male) 4/7 3/1 0.19
Height (cm) 175 (8) 171 (14) 0.57
Weight (kg) 69 (11) 66 (13) 0.64
Body mass index

(kg/m2)
22 (2) 22 (2) 0.91

Dominant side (left) 0 0

Values are reported as mean (SD) or number of subjects.

PERIOPERATIVE MEDICINE

Anesthesiology 2011; 115:774 – 81 Charous et al.777

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/115/4/774/254465/0000542-201110000-00028.pdf by guest on 20 April 2024



ment groups in the secondary endpoints during local anes-
thetic administration (figs. 2–4). The estimated difference in
hip adductor strength at hour 6 was �6% (95% CI �14–
2%), which allows a formal conclusion of equivalence
(fig. 3). There was a great degree of variability in the mea-
surement of sensory effect, resulting in very wide CIs. The
mean difference in sensory effect at hour 6 was �7% (95%
CI �127–112%; fig. 4).

Results were similar in the intent-to-treat population.
The hour 6 basal-bolus difference in quadriceps MVIC was
�0.6% (95% CI �24.7–23.5%). For hip adductor
strength, the basal-bolus was equivalent: �6.0% (95% CI
�13.7–1.7%). The difference in sensory effect was again
highly variable, with a mean of 15.2% (95% CI �99.2–
68.7%).

Discussion
This randomized, double-masked, controlled investigation
did not find evidence to support the hypothesis that varying
the method of local anesthetic administration—basal infu-

sion versus repeated bolus doses—influences cFNB effects to
a clinically significant degree. However, because of a larger
SD than anticipated, the 95% CI at hour 6 (�22.0–19.8%)
did not decrease within our prespecified tolerance interval of
�20–20%. To conclude equivalence would require a larger
independent cohort. Conversely, we detected little difference
between treatments at any time point during local anesthetic
administration (figs. 2–4). This might be viewed as a positive
finding if the sensory block—and, therefore, possibly anal-
gesia—was greatly increased in the bolus-only group, in line
with previous reports of continuous popliteal-sciatic nerve
blocks.12,22 Unfortunately, this was not the case: tolerance to
cutaneous electrical current was virtually indistinguishable at
hour 6 between the two groups (fig. 4).

Previously Published Evidence
The differences between our findings for femoral infusion
and the previous reports for popliteal-sciatic infusion may be
explained in several ways. The first is in catheter-insertion
methodology: the previous studies used nerve stimulation to
guide needle placement, but then “blindly” advanced non-
stimulating catheters 4–5 cm past the needle tip.12,22 As the
previous investigators noted,

the final location of the catheter tip… may have actually
been located distant from the targeted nerve…This may
render it difficult, or even impossible, for the local anes-
thetic to traverse the distance between the tip and the two
sciatic nerve trunks when a slow continuous infusion with
an overall small volume is used…In contrast, the use of an
intermittent bolus is accompanied by higher pressure and
more volume per time, which may increase the spread of
local anesthetic. . . . 12

In contrast, our current study used ultrasound to allow po-
sitioning of the catheter tips at a precise (and bilaterally
equivalent) location immediately posterolateral to the femo-
ral nerve, resulting in very accurate perineural local anes-

Fig. 2. Effects of femoral perineural local anesthetic admin-
istration method (basal-only vs. repeated boluses) on quad-
riceps femoris strength (mean [SE] illustrated). Statistically
significant differences between treatments at 95% CI are
designated with an asterisk.

Fig. 3. Effects of femoral perineural local anesthetic admin-
istration method (basal-only vs. repeated boluses) on hip
adductor strength (mean [SE] illustrated). The one statistically
significant difference between treatments at 95% CI is des-
ignated with an asterisk.

Fig. 4. Effects of femoral perineural local anesthetic admin-
istration method (basal-only vs. repeated boluses) on toler-
ance of transcutaneous electrical stimulation in the cutaneous
distribution of the femoral nerve (mean [SE] illustrated). There
were no statistically significant differences between treat-
ments at 95% CI.
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thetic deposition and possibly improved nerve-anesthetic
contact.

A second possible explanation for the differing results
among studies is the anatomic location of the catheters: local
anesthetic deposited in the popliteal fossa in previous studies
may have been absorbed by perineural tissue, including
blood vessels and the lymphatic system.12,22 Conversely, in
the femoral region, the local anesthetic may pool better be-
tween the iliac fascia and underlying muscle, providing a
conduit and/or reservoir keeping the medication in contact
with the femoral nerve.

Regardless of which—or either—supposition is accurate,
the results of the current study suggest that the “novel” re-
peated-bolus application will not be clinically useful to de-
crease the motor-induced weakness (and possible increased
risk of falling) of cFNB after knee surgery. Our intention is
not to suggest that repeated boluses are unhelpful for all
continuous peripheral nerve blocks: there is high-quality ev-
idence they improve analgesia for continuous popliteal-sci-
atic blocks.12,22 However, the current study suggests that the
increased analgesia previously reported with repeated boluses
may result not from a more favorable motor-sensory block
ratio—as suggested recently22—but rather simply from ad-
ditional local anesthetic reaching the target nerves, increasing
both the motor and sensory blocks concurrently.

If this latter supposition is accurate, then previous inves-
tigations involving the sciatic nerve in the popliteal fossa
should have detected an increased motor block accompany-
ing the improved analgesia in the bolus-only group.12,22 Al-
though the investigators did not describe the technique used
to evaluate motor block,12,22 they did find in their second
publication that 20% of the bolus-only group experienced
“motor block” (undefined) at 6 h, compared with only 8% of
patients receiving a basal-only infusion (specific P value not
provided, but reported as greater than 0.05).22 Given that
the study was powered for postoperative pain, it is very pos-
sible—even probable—that a true difference in motor block
was not detected in this secondary endpoint that appears to
have been evaluated as a binary variable (motor block vs. no
motor block) without a sensitive instrument. Therefore, the
repeat-bolus administration method may be superior to an
infusion-only method for catheter locations in which in-
creased motor weakness is acceptable (such as in patients
ambulating with crutches after foot surgery), but it does not
appear to be a promising technique to decrease the risk of
quadriceps weakness and possibly falls during cFNB.

Of note is that a statistically significant difference be-
tween treatments was detected by mixed-effects models of
the repeated measures 4–8 h following catheter removal:
those in the bolus-only group experienced a faster resolution
of quadriceps femoris weakness compared with patients re-
ceiving a basal infusion only (fig. 2). The clinical relevance of
this finding is unclear. It is also noteworthy that for contin-
uous iliac fascia blocks—very similar to cFNB—bolus-only
administration of 10 ml ropivacaine 0.2% (60-min lockout)

resulted in similar analgesia to a continuous 10 ml/h infusion
of the same medication.23 However, in this investigation, the
bolus doses were not repeated hourly, but were patient-con-
trolled, resulting in a decreased consumption of local anes-
thetic in the bolus-only group. This study reported a lack of
motor block in all patients of both treatment groups, but the
methods of evaluation were not reported, and it is therefore
impossible to compare and contrast their results with those of
the current study.

Safety of Large Bolus Doses
Because quadriceps femoris weakness is associated with sig-
nificant functional disability8 and an increased risk of falls in
elderly patients,9 perineural infusion induces motor block,3

and cFNB is associated with postarthroplasty falls,4 it is pos-
tulated that any local anesthetic-induced muscle weakness is
best minimized during cFNB.4–6 It is therefore disappoint-
ing that we did not detect clinically relevant muscle-sparing
by varying the technique of local anesthetic administration
(basal vs. bolus). However, our results may be viewed as
reassuring when providing relatively large-volume, patient-
controlled bolus doses during cFNB. Of previous concern
was the scenario of a patient who had recent knee surgery.
While standing in preparation for therapy, the patient expe-
rienced pain and self-administered a local anesthetic bolus;
15 to 20 min after ambulating, the patient subsequently
experienced abrupt-onset bolus-induced quadriceps weak-
ness, which leads to a high risk of falling.1,4,24 It is for this
reason that we evaluated quadriceps MVIC every 10 min
during two 1-h periods: from hour 0–1 to observe the initial
effect of a bolus; and from hour 5–6 to observe the effect of
a bolus after 5 previous hours of administration (figs. 2–4).
Although progressive infusion effects were observed at all
time periods, as anticipated, no subject exhibited dramatic
bolus-induced abrupt-onset quadriceps weakness. Our re-
sults suggest that a relatively large bolus dose retains an ac-
ceptable margin of safety.25

Adductor Strength
Multiple investigations have suggested that local anesthetic
deposition near the femoral nerve at the level of the inguinal
crease results in a low (less than 20%) incidence of obturator
nerve block.26–30 Because the obturator nerve innervates
most of the hip adductor muscles, it may appear confusing
that our study found a greater than 40% decrease in adductor
MVIC after 6 h of local anesthetic administration. However,
we do not believe that our results contrast with previous
reports.26–28 Rather, the pectineus muscle is innervated by
the femoral nerve and adducts the femur.31 Therefore, the
adduction weakness found in our study most likely reflects a
block of the femoral—as opposed to the obturator—nerve,
with resulting motor block in the pectineus muscle and, con-
sequently, weakness in hip adduction.
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Study Limitations
The current findings regarding cFNB with 0.1% ropivacaine
may not be applicable to other anatomic catheter loca-
tions,12,22,32–34 local anesthetics,3 infusion durations, or
ropivacaine concentrations/dosages.10,11 Previous find-
ings,11 along with the results of the current study, suggest
that local anesthetic dose (mass) is the primary determinant
of perineural infusion effects; however, that is not to suggest
that in clinical use, delivery method,12,22 concentration, and
volume are irrelevant.10 Related to this issue, our study mea-
sured cutaneous sensation just medial to the distal quadriceps
tendon in nonsurgical volunteers. Whether cutaneous sensa-
tion correlates well with postoperative pain after various knee
procedures remains unknown, as the anterior branch of the
femoral nerve contains afferent nerve fibers providing cuta-
neous sensation, whereas the posterior branch contains both
afferent (muscle and bone innervation) as well as efferent
(muscle innervation) nerve fibers. Answering this question
will require a clinical trial involving patients undergoing
multiple types of surgical procedures. However, our study
did not find evidence to support the hypothesis that varying
the method of local anesthetic administration—basal infu-
sion versus repeated bolus doses—influences cFNB effects to
a clinically significant degree. However, because of a larger
SD than anticipated, the 95% CI at hour 6 did not decrease
within our prespecified tolerance interval of �20–20%. To
conclude equivalence would require a larger independent
cohort. Because each comparison dilutes all other P values,
findings in secondary outcomes should be viewed as sugges-
tive, requiring confirmation in a future trial before consider-
ing them as definitive.

Study Model
By including only nonsurgical volunteers, we were able to
exclude postoperative pain as a confounding variable, allow-
ing isolation of the variable local anesthetic administration
method effects on muscle strength and cutaneous sensation.
For example, in postsurgical patients, inadequate analgesia is
often (best?) treated with patient-controlled bolus doses,
adding a confounding variable to the study design.22,23 In
addition, by having each subject concurrently receive both
study treatments (basal and bolus) and analyzing the intra-
subject differences, the study model provided equivalent
power with fewer subjects compared with a parallel-group
design. Of course, the inclusion of nonsurgical volunteers
also makes extrapolation to clinical practice more difficult.

However, there is evidence that perineural catheter tip
location must be equivalent bilaterally for the study model to
retain the desired power to detect either equivalency or treat-
ment differences.14 Therefore, we used ultrasound to pre-
cisely place the tip of each catheter immediately posterolat-
eral relative to the femoral nerve, confirmed by sonographic
visualization. This required that no catheter “slack” be placed
between where the catheter penetrated the iliac fascia and the
catheter tip itself; resulting in what we had theorized might

be a high risk of catheter tip retraction above the iliac fascia.
Because this was not an outcomes trial—but rather a phar-
macodynamics study—we elected to exclude from the pri-
mary analyses subjects in whom catheter tip dislodgement
was a probability (as opposed to intention-to-treat analysis
optimally used in outcomes trials). We defined probable dis-
lodgement as exhibiting less than a 20% change from base-
line in quadriceps femoris MVIC or sensory effect at hour 4.
Using this definition, we may have excluded subjects who
were simply very resistant to local anesthetic effects, as op-
posed to subjects who had a dislodged catheter tip. Of 15
total subjects, four failed to exhibit at least a 20% change
from baseline: one limb received bolus doses in one subject;
one limb received basal doses in two different subjects; and
there was a complete lack of changes in one subject bilater-
ally. There were minimal differences in subject characteris-
tics between included and excluded subjects (table 1).

In summary, this study did not find evidence to support the
hypothesis that varying the method of local anesthetic adminis-
tration—basal infusion versus repeated bolus doses—influ-
ences cFNB effects to a clinically significant degree. Thus, it
is doubtful that, when using a cFNB, varying the method of
local anesthetic administration will provide an increased sen-
sory-to-motor block ratio and minimize motor block and the
risk of falling while optimizing cutaneous analgesia. How-
ever, additional study within a surgical population is war-
ranted owing to the limitations of the volunteer subject
model of the current investigation.

The authors gratefully acknowledge the invaluable assistance of the
nursing staff of the University of California San Diego Clinical and
Translational Research Institute and the University of California San
Diego Investigational Drug Service (both San Diego, California).
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