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REGIONAL ANAESTHESIA

A randomized, triple-masked, active-controlled investigation
of the relative effects of dose, concentration, and infusion rate
for continuous popliteal-sciatic nerve blocks in volunteers
S. J. Madison1, A. M. Monahan1, R. R. Agarwal1, T. J. Furnish1, E. J. Mascha3,4, Z. Xu3,4, M. C. Donohue2,
A. C. Morgan1 and B. M. Ilfeld1*

1 Department of Anesthesiology and 2 Division of Biostatistics and Bioinformatics, University of California San Diego, 200 West Arbor Drive, MC
8770, San Diego, CA 92103-8770, USA
3 Department of Quantitative Health Sciences and 4 Department of Outcomes Research, Cleveland Clinic, Cleveland, OH, USA

* Corresponding author. E-mail: bilfeld@ucsd.edu

Editor’s key points

† The effects of some nerve
blocks depend on local
anaesthetic dose rather
than concentration or
volume.

† It is uncertain whether
this applies to continuous
infusion popliteal-sciatic
nerve block.

† In this volunteer study, the
effects of ropivacaine
0.1% (at 8 ml h21) and 4%
(at 2 ml h21) were similar.

† This suggests that higher
concentrations of local
anaesthetic at lower
infusion rates may be as
effective as lower
concentrations.

† However, further clinical
studies are needed.

Background. It remains unknown whether local anaesthetic dose is the only factor influencing
continuous popliteal-sciatic nerve block effects, or whether concentration, volume, or both
exert an influence as well.

Methods. Bilateral sciatic catheters were inserted in volunteers (n¼24). Catheters were
randomly assigned to ropivacaine of either 0.1% (8 ml h21) or 0.4% (2 ml h21) for 6 h. The
primary endpoint was the tolerance to transcutaneous electrical stimulation within the
tibial nerve distribution at hour 6. Secondary endpoints included current tolerance at other
time points and plantar flexion maximum voluntary isometric contraction (22 h total).

Results. At hour 6, tolerance to cutaneous stimulation for limbs receiving 0.1% ropivacaine
was [mean (standard deviation)] 27.0 (20.2) vs 26.9 (20.4) mA for limbs receiving 0.4%
[estimated mean difference 0.2 mA; 90% confidence interval (CI) 28.2 to 8.5; P¼0.02 and
0.03 for lower and upper boundaries, respectively]. Because the 90% CI fell within the
prespecified tolerance +10 mA, we conclude that the effect of the two concentration/
volume combinations were equivalent. Similar negative findings were found for the
secondary outcomes.

Conclusions. For continuous popliteal-sciatic nerve blocks, we found no evidence that local
anaesthetic concentration and volume influence block characteristics, suggesting that local
anaesthetic dose (mass) is the primary determinant of perineural infusion effects in this
anatomic location. These findings suggest that for ambulatory perineural local anaesthetic
infusion—for which there is usually a finite local anaesthetic reservoir—decreasing the
basal rate while increasing the local anaesthetic concentration may allow for increased
infusion duration without compromising postoperative analgesia.

Clinical trial registration. NCT01898689.

Keywords: continuous peripheral nerve block; perineural infusion; perineural local
anaesthetic infusion

Accepted for publication: 30 July 2014

The optimal local anaesthetic concentration for continuous
peripheral nerve blocks—also known as perineural infusion—
remains unknown, but the overwhelming majorityof investiga-
tors use 0.2% with a basal rate of 4–8 ml h21.1 However, recent
evidence suggests that for continuous femoral nerve blocks, it
is the local anaesthetic dose that determines infusion effects,
and not concentration or basal rate/volume.2 3 This raises the
tantalizing possibility that halving the basal infusion while
doubling the local anaesthetic concentration results in

equivalent analgesia, since the total dose remains unchanged
[rate(volume)×concentration¼total dose].

If this relationship holds true for popliteal-sciatic blocks, it
would mean that equivalent postoperative analgesia could
be provided with a fraction of the basal infusion rate—and,
therefore, a fraction of the local anaesthetic volume. In add-
ition, if one concentration/dose combination results in less
muscle weakness, but with at least equivalent analgesia,
then the risk of falling might be decreased as well for those
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patients who are permitted to ambulate on their operative
foot. Therefore, portable infusion pumps’ local anaesthetic res-
ervoir volume would be consumed at a lower rate, greatly in-
creasing the duration of postoperative analgesia provided by
ambulatory perineural infusion, and, possibly, the risk of
postoperative falls might be decreased.

In fact, there is currently evidence that a low-rate, high-
concentration continuous ropivacaine popliteal-sciatic block
decreases the incidence of an unwanted insensate extremity
compared with a high-rate, low-concentration infusion.4

However, this study in outpatients was not powered to deter-
mine analgesia equivalence, and the primaryendpoint was sub-
jective in nature. More importantly, the post-surgical subjects
self-administered bolus doses, making it impossible to deter-
mine the total dose that each actually received and thus
possible equivalence.

We therefore designed and executed this randomized, triple-
masked (subjects, investigators/staff, statisticians), active-
controlled, split-body clinical trial testing the hypothesis that
providing ropivacaine at different concentrations and rates
(0.1% at 8 ml h21 vs 0.4% at 2 ml h21)—but at an equivalent
total dose (8 mg h21)—produces comparable effects when
infused for a continuous popliteal-sciatic nerve block. The
primary endpoint was the tolerance to cutaneous electrical
current applied on the plantar aspect of the foot after 6 h of
infusion. Secondary endpoints included tolerance to transcuta-
neous electrical stimulation within the tibial nerve distribution
at other time points, and, maximum voluntary isometric
contraction (MVIC) during plantar flexion in the 22 h after local
anaesthetic administration initiation.

Methods
Enrolment

All study procedures were approved by the local Institutional
Review Board (Human Research Protection Program, University
California, San Diego, CA, USA). Volunteers were recruited from
the community by IRB-approved advertisements and data-
bases, and also through clinicaltrials.gov where the trial was
prospectively registered (NCT01898689). Included were ASA I
and II adult (≥18 yr) men and women. Exclusion criteria
included daily analgesic use, opioid use within the previous
4 weeks, any neuromuscular deficit of the sciatic nerve or
within its distribution, a BMI .35 kg m22, pregnancy, and
incarceration.

Perineural catheter insertion

After written, informed consent, subjects were admitted, an i.v.
line was placed in an upper extremity, and external monitors
were applied (pulse oximeter, arterial pressure, and EKG).
Oxygen was provided by nasal cannula, and oral diazepam
(10 mg) and hydromorphone (4 mg) were provided for sed-
ation. After sterile preparation (chlorhexidine gluconate and
isopropyl alcohol) and draping, bilateral popliteal-sciatic
catheters were placed using an identical insertion protocol by
one of two investigators (S.J.M. or A.M.M.). The dominant side
(right vs left) was always inserted first.

With subjects in the prone position, the sciatic nervewas iden-
tified by ultrasound imaging with a high-frequency linear array
transducer (HFL 38×, SonoSite M-Turbo, Bothell, WA, USA)
in a transverse cross-sectional (short axis) view immediately
proximal to the popliteal fossa. The bifurcation of the sciatic
nerve into the tibial and common peroneal nerves was identified
and the block was performed immediately proximal to this point.
A local anaesthetic skin wheal was raised lateral to the ultra-
sound transducer, and a non-insulated 17 G Tuohy-tip needle
(FlexTip Plus, Teleflex Medical, Research Triangle Park, NC, USA)
was inserted through the skin wheal and directed medially
in-plane beneath the ultrasound transducer towards the sciatic
nerve. Once the needle tip was positioned immediately posterior
to the sciatic nerve, normal saline was injected in 1–2 ml incre-
ments to ensure spread to the medial and lateral aspects of
the nerve (maximum 10 ml). A flexible 19 G catheter was
placed through the needle and positioned just posterior to the
sciatic nerve, between the two branches if they had separated
apart with the initial injection. The needle was then withdrawn
over the catheter, with care taken to leave the catheter in its
original position. The catheter was subsequently secured with
an anchoring device and sterile occlusive dressing.

Treatment group assignment

For each subject, the dominant-sided catheter was randomly
assigned to one of the two treatment groups: a ropivacaine con-
centration of 0.1% or 0.4%. Subjects acted as their own controls,
with the contralateral side receiving the alternative concentra-
tion. The Investigational Drug Service prepared the randomiza-
tion list and also the two ropivacaine reservoirs and two
electronic infusion pumps (SIGMA Spectrum Infusion System,
Baxter Healthcare International, Deerfield, IL, USA) used to
infuse the ropivacaine for each subject. The basal rate of each in-
fusion was determined by the ropivacaine concentration in each
pump reservoir: 0.1% (8 ml h21) or 0.4% (2 ml h21). While the
basal rate differed for each concentration, the total dose of
local anaesthetic remained the same for both treatments (8
mgh21).The infusionpumpwiththereservoirof0.1%ropivacaine
waslabelled ‘0.1%’andtheoppositeendof itstubingwas labelled
either ‘dominant’ or ‘other’, depending upon the randomization
for each subject. The other pump was labelled ‘0.4%’ and the
opposite end of its tubing was labelled either ‘dominant’ or
‘other’ as well. The two pieces of tubing were then gently
wound at least five rotations and covered with opaque tape,
masking from all but the Investigational Drug Service pharma-
cists of the treatment group assignment of each limb (ropiva-
caine is clear, so the flow through the clear tubing from the
tape to the perineural catheters was not visuallydistinguishable).
The Investigational Drug Service delivered this apparatus to the
investigators, ensuring masking for both the subjects and
observers (clinical research nurse taking the measurements).
The catheters were removed after 6 h of infusion (48 mg).

Outcome measurements

We selected measuresthathave established reliability, validity,
and minimal inter-rater discordance. Measurements were
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performed at hour 0 (baseline), and on the hour until hour 14,
and also the following morning at hour 22. In all cases, mea-
surements were taken in the supine position with the dominant
side measured first, followed by the non-dominant side.

Tolerance of transcutaneous electrical stimulation

Sensory perception—depth of analgesia—was evaluated
using tolerance of transcutaneous electrical stimulation with
a similar quantitative procedure validated and used in multiple
previously published clinical trials.2 5 – 7 Electrocardiogram
pads were placed on the lateral aspect of the plantar surface
of the foot. Tolerance to cutaneous electrical current was
obtained using a nerve stimulator (EZstimII, Model ES400; Life-
Tech, Stafford, TX, USA): current was increased from 0 mA until
subjects detected the electrical current (up to a maximum of
80 mA), at which time the current was recorded and the
nerve stimulator turned off.

Muscle strength

Muscle strength was evaluated with an isometric force electro-
mechanical dynamometer (MicroFET2, Lafayette Instrument
Company, Lafayette, IN, USA) to measure the force produced
during an MVIC during plantar flexion. The dynamometer was
placed against the bed’s foot board (immobile) and the subjects
were asked to take 2 s to come to maximum effort plantar
flexing, maintaining this effort for 5 s, and then relaxing. The
measurements immediately before perineural ropivacaine
administration were designated as baseline measurements,
andall subsequentmeasurementswereexpressedasapercent-
age of the pre-infusion baseline.

Statistical analysis

We tested the hypothesis that 0.1% ropivacaine (8 ml h21¼8
mg h21) was equivalent to 0.4% ropivacaine (2 ml h21¼8 mg
h21) on the mean tolerance to transcutaneous electrical
stimulation at hour 6 (the primary endpoint). The a priori
equivalence region for the difference in means between the
two concentrations was specified as +10 mA. This value was
considered the minimal clinically relevant current since it
approximates the tolerated electrical current range at baseline
of the general population—in other words, natural variability
and therefore a relatively small amount of current to detect.6

With an overall significance level of 0.05, results were reported
as difference in tolerance to current and estimated 90% confi-
dence interval (CI). Equivalence was concluded if the 90% CI
was contained within +10 mA. P-values for equivalence were
obtained with the two one-sided test (TOST) approach of
Schuirmann.8 The null and alternative hypotheses were thus:

H0: m0.1% − m0.4% ≤ −10 or m0.1% − m0.4% ≥ 10

and

Ha: −10 , m0.1% − m0.4% , 10

where m0.1% and m0.1% are the population means for tolerance
to current under 0.1% and 0.4% ropivacaine, respectively.

Correspondingly, equivalence would be claimed if the differ-
ence in means was both significantly greater than 210 mA
and significantly less than +10 mA, each at the 0.05 signifi-
cance level.

Secondary outcomes

We also tested the hypothesis that 0.1% (8 ml h21) and 0.4%
(2 ml h21) ropivacaine had equivalent effect on tolerance to
transcutaneous electrical stimulation and plantar flexion
MVIC (measured as percentage of the pre-infusion baseline)
at each hour from hour 0 to hour 14 and at hour 22. The a
priori specified equivalence regions were+10 mA for tolerance
to current and +20% for MVIC. Regarding the latter, we con-
sidered a difference of 20% points to be clinically relevant
because a 10% side-to-side strength difference is common,
yet functionally unnoticeable in healthy individuals.9 10

Separate linear mixed-effect models were built with the
hourly repeated outcome variables of tolerance to current and
muscle strength, an autoregressive within-subject correlation
structure over the time points and considering the patient as
arandomeffect.Wetested thetime-by-intervention interaction
ineachmodel withaconservative P-value criterionof0.15. Since
the interaction was not significant for either outcome variable,
equivalence of the two interventions for each outcome was
assessed while collapsing over time. We also report the
estimated difference in means at each hour with corresponding
90% CIs and with both raw P-values and P-values adjusted for
multiple comparisons using the single-step method for simul-
taneous inference for parametric models.11

Sample size estimation

With 24 evaluable subjects, we had 90% power at the 0.05 sig-
nificance level to detect equivalence of 0.1% and 0.4% ropiva-
caine concentration on the mean tolerance to transcutaneous
electrical stimulation at hour 6 (primary outcome) using an a
priori equivalence interval of +10 mA. This assumed, based
on previously published data,2 6 a standard deviation (SD) of tol-
erance difference between legs of 13 mA. Subjects were
deemed non-responders and excluded from the primary ana-
lyses if both extremities failed to exhibit any increase in toler-
ance to cutaneous electrical current by hour 6. SAS software
9.3 (SAS Institute, Cary, NC, USA) and R software versions
2.15.3 (The R Foundation for Statistical Computing, Vienna,
Austria) were used for all analyses.

Results
Twenty-six subjects were enrolled during a 4 month period
beginning from July 2013 (Fig. 1). All had bilateral popliteal-
sciatic perineural catheters successfully inserted per protocol.
Each subject’s dominant side was randomized to either one of
the two ropivacaine concentration/rate combinations—0.1%
at 8 ml h21 or 0.4% at 2 ml h21—and the non-dominant
side received the opposite treatment. One subject did not
exhibit any increased tolerance to cutaneous electrical
current bilaterally, and was deemed a non-responder. An
additional subject was excluded because of equipment
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(nerve stimulator) failure that failed to deliver electrical
current. The remaining 24 subjects were included in the
primary analyses (Table 1).

Primary outcome

At hour 6, tolerance to cutaneous stimulation for limbs receiv-
ing 0.1% ropivacaine was a mean (SD) of 27.0 (20.2) mA,
compared with 26.9 (20.4) mA for limbs receiving 0.4% (esti-
mated mean difference of 0.2 mA; 90% CI 28.2 to 8.5).
P-values from the TOST procedure were 0.02 and 0.03 for the
mean being inside the lower and upper boundaries, respective-
ly. Because the 90% CI decreased within prespecified toler-
ances, we conclude that the effect of the two concentration/
volume combinations was equivalent.

Secondary outcomes

Equivalence between 0.1% and 0.4% ropivacaine concentra-
tion was claimed for both maximum tolerance to

Enrolment

Assessed for eligibility (n=26 subjects)

Excluded (n=0)

Randomized (n=52 limbs)

Allocation

Allocated to 0.4% at 2 ml h–1 infusion (n=26)

® Received allocated intervention (n=26)

® Did not receive allocated intervention (n=0)

® Received allocated intervention (n=26)

® Did not receive allocated intervention (n=0)

Allocated to 0.1% at 8 ml h–1 infusion (n=26)

Lost to follow up (n=0)

Discontinued intervention (n=1)

Lost to follow up (n=0)

Discontinued intervention (n=1)

Follow-up

Analysis

Analysed (n=24)

® Excluded from analysis (n=2)

® Equipment failure (n=1)

® Non-responder (n=1)

Analysed (n=24)

® Excluded from analysis (n=2)

® Equipment failure (n=1)

® Non-responder (n=1)

Fig 1 Consolidated Standards of Reporting Trials (CONSORT) flow diagram.

Table 1 Subject characteristics (n¼24). Values are reported as a
range (age), mean (SD), or number of subjects (%)

Characteristic Summary statistics

Age (yr) 21–63

Gender (female, %) 10 (42%)

Height (cm) 175 (11)

Weight (kg) 81 (17)

BMI (kg m22) 26 (4)

Dominant side (right, %) 24 (100%)
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transcutaneous electrical stimulation and MVIC when collaps-
ing over time. Since the time-by-treatment interaction was not
significant either for maximum tolerance (P.0.99) or muscle
strength (P¼0.98), equivalence in the treatment effect was
assessed marginally by collapsing over time. The mean differ-
ence (0.120.4%) was 0.2 (90% CI: 22.3 to 2.8) mA for
maximum tolerance and 0.7 (90% CI: 24.1 to 5.6)% for
MVIC, both of which were well contained within the a priori
equivalence regions of 210 to 10 mA and 220 to 20%, respect-
ively (P,0.001 for both outcomes).

When assessed at individual time points, equivalence was
concluded for tolerance to current at all time points using
raw P-values, and at most time points when adjusting for mul-
tiple comparisons (Table 2, Fig. 2). Equivalence was claimed for
the mean MVIC at most time points using raw P-values but at
only a few time points when adjusting for multiple compari-
sons (Table 3, Fig. 3).

Discussion
This randomized, triple-masked, active-controlled, split-body
clinical investigation provides strong evidence that dose
alone is the primary determinant of perineural effects for con-
tinuous popliteal-sciatic nerve blocks, and varying the concen-
tration and infusion rate while keeping dose constant does not
have any significant effect on block characteristics.

While our results do not support the practice of minimizing
local anaesthetic concentration to reduce motor block, they

Table 2 Mixed-effect model estimates for tolerance to transcutaneous electrical stimulation (n¼24). The a priori equivalence region is 210 to
10 mA. The P-value for group–time interaction was .0.99. The table includes P-values adjusted for multiple comparisons using the single-step
method for simultaneous inference from parametric models, and also unadjusted P-values. All P-values are derived from the TOST procedure for
equivalence; significance criterion is P,0.05. *P.0.05 testing whether the mean is above lower limit or below upper limit means equivalence
cannot be claimed

Hour Estimated difference
(0.1% vs 0.4%)

90% CI P-value for equivalence testing

Unadjusted Adjusted

Lower Upper For >210 mA For <10 mA For >210 mA For <10 mA

Overall 0.23 21.19 1.66 ,0.001 ,0.001 ,0.001 ,0.001

0 0.67 24.87 6.20 0.001 0.003 0.01 0.04

1 21.42 26.95 4.12 0.005 ,0.001 0.08* 0.01

2 21.54 27.08 3.99 0.006 ,0.001 0.09* ,0.01

3 20.29 25.83 5.24 0.002 0.001 0.03 0.02

4 3.38 22.16 8.91 ,0.001 0.024 ,0.01 0.32*

5 0.96 24.58 6.49 0.001 0.004 ,0.01 0.06*

6 0.13 25.41 5.66 0.001 0.002 0.02 0.03

7 0.42 25.12 5.95 0.001 0.002 0.02 0.03

8 20.71 26.24 4.82 0.003 0.001 0.04 0.01

9 21.08 26.62 4.45 0.004 ,0.001 0.06* 0.01

10 0.75 24.79 6.29 0.001 0.003 0.01 0.05

11 20.92 26.45 4.62 0.003 0.001 0.05 0.01

12 3.17 22.37 8.70 ,0.001 0.021 ,0.01 0.29*

13 22.13 27.66 3.41 0.009 ,0.001 0.14* ,0.01

14 2.58 22.95 8.12 ,0.001 0.014 ,0.01 0.20*

22 20.21 25.74 5.33 0.002 0.001 0.03 0.02

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 22
Time following infusion initiation (h)

0

10

20

30

40

E
le

ct
ric

al
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ur
re

nt
 (

m
A

)

Local anaesthetic infusion

Tolerance to transcutaneous electrical current

0.1% Ropivacaine 0.4% Ropivacaine

Fig 2 Effects of continuous popliteal-sciatic nerve block ropiva-
caine concentration/volume combination on tolerance to cutane-
ous electrical current within the sciatic nerve distribution. Data
are expressed as mean (solid circle) with standard error (whiskers)
for limbs randomlyassigned to receive ropivacaine 0.1% (basal 8 ml
h21¼8 mg h21) or 0.4% (basal 2 ml h21¼8 mg h21). When assessed
at individual time points, equivalence was concluded at all time
points using raw P-values, and at most time points when adjusting
for multiple comparisons (Table 2). Since the time-by-treatment
interaction was not statistically significant (P.0.99), equivalence
in the treatment effect was assessed marginally by collapsing
over time: the mean difference (0.120.4%) was 0.2 (90% CI:
22.3 to 2.8) mA, which was well contained within the a priori
equivalence region of 210 to 10 mA (P,0.001).
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do suggest that lowering the infusion rate—with a concurrent
increase in concentration—will not compromise analgesia.
This practice would greatly decrease local anaesthetic volume

consumption and, during ambulatory perineural infusion,
result in a dramatic increase in reservoir longevity and post-
operative analgesia duration. In addition, hospitalized patients
consuming less volume of local anaesthetic results in fewer
changes of the medication reservoir and time savings for both
nursing and pharmacy staff. Lastly, because providing continu-
ous peripheral nerve blocks on an ambulatory basis requires
patients to carry a local anaesthetic reservoir,12 decreasing
the volume of local anaesthetic consumption by increasing
local anaesthetic concentration—and therefore not sacrificing
analgesic potency—allows for a smaller reservoir volume and
less weight.

The current study’s results are also important because they
suggest that lowering concentration while increasing the
basal rate is not an effective strategy for decreasing motor
weakness during continuous popliteal-sciatic nerve blocks.
Moreover, the optimal local anaesthetic concentration, basal
rate, and dose remain unknown for continuous popliteal-sciatic
nerve blocks. With the determination that it is solely dose that is
the main determinant of perineural infusion effects, the search
for the optimal combination becomes far simpler: instead of re-
quiring a huge number of concentration/rate/dose variations to
be examined, a far more simple dose–response study may be
used.

The results of this clinical trial build upon data available from
published investigations. In a previous study, comparing two
different dosing regimens in continuous popliteal-sciatic
nerve blocks, patients undergoing foot/ankle surgery were
more likely to have an insensate limb with a basal infusion of
ropivacaine 0.2% at 8 ml h21 than with 0.4% at 4 ml h21

Table 3 Mixed-effect model estimates of MVIC (n¼24). The a priori equivalence region is 220% to 20%. CI, confidence interval. The P-value for
group–time interaction was 0.98. The table includes P-values adjusted for multiple comparisons using the single-step method for simultaneous
inference from parametric models, and also unadjusted P-values. All P-values are derived from the TOST procedure for equivalence; significance
criterion is P,0.05. *P.0.05 means we cannot reject the null hypothesis of crossing the boundary, thus unable to claim equivalence

Hour Estimated difference
(0.1% vs 0.4%)

Difference 90% CI P-values for equivalence testing

Unadjusted Adjusted

For greater than 220% For <20% For greater than 220% For <20%

Overall 0.82 22.21, 3.85 ,0.001 ,0.001 ,0.001 ,0.001

0 0.00 211.72, 11.72 0.002 0.002 0.04 0.04

1 26.54 218.26, 5.18 0.029 ,0.001 0.38* ,0.01

2 20.04 211.76, 11.68 0.002 0.002 0.04 0.04

3 1.00 210.72, 12.72 0.002 0.004 0.02 0.06*

4 21.00 212.72, 10.72 0.004 0.002 0.06* 0.02

5 9.92 21.80, 21.64 ,0.001 0.078* ,0.01 0.73*

6 1.04 210.68, 12.76 0.002 0.004 0.02 0.06*

7 1.04 210.68, 12.76 0.002 0.004 0.02 0.06*

8 23.71 215.43, 8.01 0.011 ,0.001 0.16* 0.01

9 21.96 213.68, 9.76 0.006 0.001 0.09* 0.16*

10 2.67 29.05, 14.39 0.001 0.007 0.01 0.11*

11 4.58 27.14, 16.30 ,0.001 0.015 ,0.01 0.22*

12 24.46 216.18, 7.26 0.014 ,0.001 0.21* ,0.01

13 9.83 21.89, 21.55 ,0.001 0.076* ,0.01 0.72*

14 20.21 211.93, 11.51 0.003 0.002 0.04 0.04

22 0.96 210.76, 12.68 0.002 0.004 0.03 0.06*

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 22
Time following infusion initiation (h)
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Plantar flexion muscle strength (MVIC)

0.1% Ropivacaine 0.4% Ropivacaine

Fig 3 Effects of continuous popliteal-sciatic nerve block ropivacaine
concentration/volume combination on MVIC during plantar flexion.
Data are expressed as mean (solid circle) with standard error (whis-
kers) for limbs randomly assigned to receive ropivacaine 0.1% (basal
8 ml h21¼8 mg h21) or 0.4% (basal 2 ml h21¼8 mg h21). When
assessed at individual time points, equivalence was concluded at
most time points using raw P-values, but at only a few time points
when adjusting for multiple comparisons (Table 3). Since the
time-by-treatment interaction was not statistically significant
(P¼0.98), equivalence in the treatment effect was assessed margin-
ally by collapsing over time: the mean difference (0.120.4%) was 0.7
(90% CI: 24.1 to 5.6)%, which was well contained within the a priori
equivalence region of 220 to 20% of baseline (P,0.001).
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(both 16 mg h21).4 This study is similar to ours, in that it com-
pared two different dosing regimens that delivered the same
total hourly drug mass. However, it differs in one critical
respect: in the previous study, subjects self-administered
bolus doses in response to pain since they were postoperative
patients, making it impossible to determine the total dose that
each actually received and thus possible equivalence. The
present study protocol involving non-surgical volunteers
enabled us to ensure each treatment received precisely identi-
cal local anaesthetic doses and treatment duration.

The relative importance of local anaesthetic dose, concen-
tration, and volume (rate) within continuous peripheral nerve
blocks has been studied in two additional tightly controlled
trials.2 3 In the first, subjects undergoing hip arthroplasty
received a posterior lumbar plexus (psoas compartment)
catheter, and were then randomized to receive ropivacaine
at either 0.1% (12 ml h21 basal; bolus 4 ml) or 0.4% (3 ml h21

basal; bolus 1 ml) for 48 h.3 Similar to the current study involv-
ing popliteal-sciatic perineural infusion, the two administra-
tion regimens were found to be equivalent for both induced
muscle weakness (quadriceps femoris, hip flexor, and hip ad-
ductor muscles) and tolerance to cutaneous electrical
current. Importantly, in this study including patients undergo-
ing a relatively painful surgical procedure, the lack of difference
between the two treatments was found for both cutaneously
applied electrical current and pain scores (resting, average
dynamic, and worst dynamic pain). This latter correlation
increases confidence that for the current study involving volun-
teers, the finding of tolerance to cutaneous current equiva-
lency will be reflected in pain scores for patients undergoing
painful foot and ankle surgery.

In the second study, subjects undergoing bilateral knee
arthroplasty received bilateral femoral perineural catheters.2

After the operation, the right-sided catheters were randomly
assigned to receive perineural ropivacaine of either 0.1% (basal
12 ml h21; bolus 4 ml) or 0.4% (basal 3 ml h21; bolus 1 ml),
with the left catheter receiving the alternative concentration–
rate combination in a subject- and observer-masked fashion for
2 days. Just as for the investigation involving psoas compartment
catheters, muscle strength, tolerance to cutaneous current, and
pain scores between the treatments were all equivalent. There-
fore, the current study involving popliteal-sciatic perineural
infusion mirrors the findings of the two previously published
investigations of local anaesthetic dose–concentration relation-
ship involving two different anatomical catheter locations.

While this correlation may appear unsurprising in retrospect,
it was not necessarily predicted by previous literature. For
example, previous investigations of interscalene,13 axillary,14

fascia iliaca,15 extended femoral,16 and subgluteal17 catheters
have shown that the optimal infusion method of local anaes-
thetic administration (basal vs bolus vs combination) varies
with anatomic location. Therefore, data from the previous two
studies involving dose/concentration/volume combinations for
psoas compartment and femoral catheter locations could not
automatically be applied to popliteal-sciatic placement.

While including only non-surgical volunteers avoided con-
founding the study results with uncontrolled bolus doses

ethically required in patients experiencing post-surgical pain, it
also makes extrapolation of our results to clinical practice some-
what theoretical. Similarly, it remains unknown how well cuta-
neous sensation correlates with postoperative pain after
surgical procedures of the foot and ankle. Lastly, the current
findings involving flexible catheters and 0.1%/0.4% ropivacaine
for continuous sciatic nerve blocks may not be applicable to
othercatheterdesignsor insertiontechniques; localanaesthetic
types, concentrations, or doses; infusion delivery methods or
durations; and anatomic catheter locations. Of note, the
maximum recommended hourly total dose of local anaesthetic
duringperineural infusionremainsunknown,18 but awide safety
margin has been documented in numerous clinical trials,1 with
one study reporting no toxicity signs or symptoms with
perineural ropivacaine 0.2% administered at basal rates up to
14 ml h21 and large, repeated boluses of ropivacaine 0.5%
(10–60 ml) provided for up to 27 days.19

It remains to be established whether the current findings in
healthy volunteers may be reproduced in patients undergoing
painful surgical procedures of the foot and ankle.4 20–22 In add-
ition, future studies should investigate local anaesthetic con-
centrations in lower/higher combinations. For example, would
ropivacaine 1% at 1 ml h21 produce equivalent results as 0.1%
at 10 ml h21? Similarly, additional catheter insertion locations
other than the popliteal fossa may be used along the sciatic
nerve to provide postoperative analgesia.17 23–25 It remains
unknown if the current results apply equally to these other ana-
tomic locations. Additionally, the implications for clinicians
should be further elucidated. For example, pharmacoeconomic
studies might examine the fiscal impact of using a higher con-
centration local anaesthetic—allowing for a smaller volume of
fluid—for patients discharged home with a disposable, portable
infusion pump—since concentration often is correlated with
medication cost; the size of an infusion pump is often correlated
with device costs; and diluting medication often requires the as-
sistance of a pharmacist, often increasing total treatment
costs.12 26–29 Furthermore, patients’ perspectives remain
unexamined regarding the maximum acceptable volume of
anaesthetic, considering that decreasing concentration and in-
creasing reservoir volume are directly correlated with increased
bulk and weight for ambulatory patients to carry.30

In summary, this study documents strong evidence that for
continuous popliteal-sciatic nerve blocks, local anaesthetic
dose is the overwhelming factor in determining perineural in-
fusion effects, and that concentration and basal rate do not
affect the block to a clinically significant degree within the
dose-range included in this protocol. These findings suggest
that for ambulatory perineural local anaesthetic infusion—
for which there is a finite local anaesthetic reservoir—decreas-
ing the basal rate while increasing the local anaesthetic con-
centration may allow for increased infusion duration without
compromising postoperative analgesia.
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