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Effect of Total Dose of Lidocaine on Duration of
Adductor Canal Block, Assessed by Different Test
Methods: A Report of Two Blinded, Randomized,
Crossover Studies in Healthy Volunteers
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Ulrik Grevstad, MD, PhD,T Volkert Siersma, PhD,§ Maria Louise Fabritius, MD,*
and Jgrgen Berg Dahl, MD, DMSci, MBA%

BACKGROUND: The binary aims of this study were to investigate the effect of total dose of
lidocaine on duration of an adductor canal block (ACB) and to validate different methods used
to assess nerve blocks.

METHODS: We performed 2 blinded, randomized, controlled crossover trials, including healthy,
young men. In study 1, 14 subjects received 4 ACBs with saline and 40, 80, and 160 mg
lidocaine. In study 2, 14 new subjects received 2 ACBs with 100 and 300 mg lidocaine. We
kept volume constant at 20 mL for all blocks, only altering concentration. ACB duration was
assessed every hour postblock using mechanical (primary outcome) and temperature discrimi-
nation; warmth and heat pain detection thresholds; pain during heat stimulation; and tolerance
to electrical current in the saphenous distribution. Finally, we measured quadriceps femoris
muscle strength (clinical trial registration: NCT02172729).

RESULTS: In study 1, block duration assessed by mechanical discrimination differed significantly
when comparing the 40-mg dose with the 80-mg dose (mean difference, 1.15 hours; 99% con-
fidence interval [Cl], 0.38-2.09 hours) and with the 160-mg dose (mean difference, 0.92 ours;
99% Cl, 0.17-1.62). However, there was no difference between the 80-mg and 160-mg doses
(mean difference, —0.23 hour; 99% CIl, —1.12 to 0.46 hours). Neither for the secondary out-
comes were there any differences between the 80- and 160-mg doses (99% CI including 0).
Because of 38% (5/13) failed blocks in the 40-mg group, we decided to perform study 2. In
study 2, all but 1 test showed no difference in duration despite a 3-fold increase in dose.
The temperature discrimination test showed 100% sensitivity and specificity for differentiating
between the presence and absence of block and was the only test with scores >90% for both
parameters.

CONCLUSIONS: We did not find evidence that increasing the total dose of lidocaine may prolong
duration of an ACB. The temperature discrimination test was the only test with scores >90% for
both specificity and sensitivity. (Anesth Analg 2016;123:1026-32)

clinical factors for determining the effectiveness of a
peripheral nerve block (PNB). Pharmacodynamics of
local anesthetics (LAs) such as volume, concentration, and
total dose are believed to affect these determinants, but
the evidence is contradictory.!"* Some of the discrepancy
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found in past studies may be explained by differences in the
applied regional techniques, anatomic locations, LA types,
volumes and concentrations, and methods used to assess
block characteristics.

Although motor block is usually assessed by voluntary
muscle contraction, the somatosensory system includes dif-
ferent submodalities, and several measurement tools can be
used. Many of these assessment tools have been validated
in other settings, but their accuracy in determining the pres-
ence or absence of a PNB is unknown.

We performed 2 separate but conceptionally identical
studies in healthy volunteers. There were 2 aims for the stud-
ies: (1) to investigate the effect of LA dose on block duration;
and (2) to validate different measurement tools that can be
used to detect the presence of a PNB. We hypothesized that
increasing the total dose of lidocaine prolongs duration of
an adductor canal block (ACB) assessed by discrimination
of mechanical discrimination (pinprick, primary outcome).
The secondary outcomes were duration of block assessed
by temperature discrimination (alcohol swab), warmth and
heat pain detection thresholds (HPDTs), pain during tonic
heat stimulation, tolerance to transcutaneous electrical cur-
rent, and quadriceps muscle strength. A placebo group was
included as a gold standard for our second aim to assess
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the accuracy of the different test methods. Study 2 was
performed because we considered the results of study 1
inconclusive.

METHODS

We conducted 2 separate, blinded, and randomized con-
trolled crossover studies at Rigshospitalet, University
of Copenhagen, Copenhagen, Denmark. Approval was
obtained from the Regional Research Ethics Committee
(H-4-2013-051 and H-6-2014-025), the Danish Medicine
Agency (2013-001822-24 and 2014-001752-31), and the
Danish Data Protection Agency before study commence-
ment. Both studies were monitored by the Copenhagen
Good Clinical Practice Unit, Copenhagen University and
prospectively registered at the EudraCT database (2013-
001822-24 and 2014-001752-31 for studies 1 and 2, respec-
tively). Fourteen subjects were included into study 1, from
June 13 to 27, 2013, and another 14 subjects into study 2,
from June 30 to July 4, 2014. We obtained written informed
consent from all participants before study entry.

Study 2 was identical to study 1 in all aspects, except
for lidocaine doses, study population, and that study 1
included a placebo treatment. We included men aged 18
to 30 years with a body mass index of 18 to 25 kg/m? and
American Society of Anesthesiologists physical status I.
Exclusion criteria were allergy to LAs, non-Danish speak-
ers, inability to cooperate, alcohol or drug abuse, neuro-
muscular pathology, previous trauma or surgery to the leg,
diabetes mellitus, intake of opioids, or steroids within the
last 4 weeks or intake of any analgesic during the past 48
hours. In addition, for study 2, it was an exclusion criterion
to have participated in study 1.

Block Performance

Each subject received bilateral ACBs with 20 mL of study
medication on each of the study days. The blocks were per-
formed at the midthigh level using a linear 12-L ultrasound
probe (Logiq e; GE, Waukesha, WI) and a 22-gauge, 80-mm,
long insulated needle (Stimuplex D Plus; B. Braun Medical,
Melsungen, Germany). Twenty milliliters of study medica-
tion was injected into the adductor canal, lateral to the fem-
oral artery and in proximity of the saphenous nerve, using
an in-plane technique as described previously.'® All blocks
were performed by anesthesiologist experienced in PNBs
(Z2JXK-N. D.LIL,and UG.).

We monitored the subjects for any serious adverse
events, both deathly and life-threatening, and events lead-
ing to hospitalization, disability, or permanent damage.
The subjects were under constant observation by the inves-
tigators during the complete study period, until the block
had completely wore off and muscle strength and sensa-
tion had returned to normal. Thus, any toxic reaction or
nerve damage would present under the observation of the
investigators.

Study Medication and Blinding

In study 1, each subject received 4 different treatments: pla-
cebo, 40, 80, and 160 mg lidocaine (20 mL of isotonic saline
and 0.2%, 0.4%, and 0.8% lidocaine, respectively). The 4 treat-
ments were administered as bilateral blocks during 2 study
days separated by a minimum of a 2-day washout period in
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between. In study 2, each subject received 2 treatments dur-
ing 1 single study day: 100 and 300 mg lidocaine (20 mL of
0.5% and 1.5% lidocaine, respectively). The treatments were
administered as bilateral ACBs in a randomized order.

The pharmacy prepared computer-based randomization
lists and the study medication for both studies. The study
medication was prepared in identical glass containers. Both
isotonic saline and lidocaine are transparent liquids iden-
tical in appearance, ensuring blinding of subjects and all
personnel (including outcome assessors, investigators, and
anesthesiologists performing the blocks). The glass contain-
ers were labeled with subject numbers, right or left leg, and
study day 1 or 2 (only applicable in study 1). Subjects were
assigned consecutive numbers on inclusion into the study
and received the corresponding study medication, thus
ensuring allocation concealment. For each study, blinding
was retained until completion of data analysis (data were
analyzed using a blinded group nomination provided by
the pharmacy).

Outcome Assessments

All sensory tests were performed within the saphenous nerve
distribution: in the medial part of the lower leg, distal to the
tibial tubercle, and proximal to the medial malleolus. The
mechanical discrimination (pinprick, 18-G needle) and tem-
perature discrimination (alcohol swab) tests were assessed
using the lateral part of the ipsilateral thigh as a reference. The
response was dichotomized into normal sensation (inducing
sharp/cold sensation equal to that in the reference area) or
abnormal (blunt or absent) sensation. We assured normal
sensation in the reference area preblock. An ACB does not
affect the lateral part of the thigh, and sensation in the refer-
ence area did not change during the study period.

Warmth detection threshold (WDT), HPDT, and maxi-
mum pain during tonic heat stimulation were assessed
using a computer-controlled thermode (2.5 cm? Thermotest;
Somedic A/B, Horby, Sweden). The baseline value for the
thermode during the WDT and HPDT was 32°C with an
incremental increase in temperature by 1°C every 1 sec-
ond. The subjects were instructed to press a button once
they felt warmth (WDT) or at the first sensation of pain
(HPDT). Pressing the button terminated the assessment. If
no threshold was detected, the test was terminated when
the thermode reached a temperature of 52°C. The mean
value of 4 tests performed at each time point was used for
analysis. For the tonic heat stimulation test, the temperature
of the thermode was increased to 45°C and retained for 30
seconds. Subjects were instructed to report maximum pain
during the test on a visual analog scale (0-100 mm).

We assessed tolerance to transcutaneous electrical cur-
rent using a peripheral nerve stimulator (TOF-Watch-S5X
monitor; Organon Ireland Ltd., a division of MSD, Swords,
Co., Dublin, Ireland). Current was increased from 0 mA, in
5-mA increments, until the subject reported mild discomfort
or the maximum stimulation of 60 mA was reached.

Finally, we assessed quadriceps muscle strength as maxi-
mum voluntary isometric contraction (MVIC) with a hand-
held dynamometer (Lafayette Instrument, Lafayette, IN).
As described previously, we placed the subjects in a seated
position and placed the dynamometer under a nonelastic
Velcro strap attached to the examination couch.”® At each
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time point, the subject performed 3 contractions, and the
mean value was calculated. The postblock values were then
calculated as a percent of the preblock baseline value.

Subjects were trained and familiarized with the tests
before baseline assessment. All tests were performed pre-
block (baseline values) and every hour postblock until nor-
malization of values. The following criteria were used for
defining normalization of values: sensation corresponding
to reference area (mechanical and temperature discrimi-
nation tests), thresholds <2°C above the baseline value
(WDT and HPDT), pain scores <10 mm above the baseline
value (tonic heat test), tolerance corresponding to <5 mV
above the baseline value (electrical current), and quad-
riceps strength <10% below baseline value (MVIC). The
cutoff points applied were chosen based on a pilot study
performed before study commencement. The same inves-
tigator performed all measurements in 1 single subject (P].,
U.G, K.LH,, or M.LE).

The primary outcome for both studies was the differ-
ence in block duration between lidocaine doses assessed by
mechanical discrimination. Secondary outcomes were dif-
ference in duration assessed by temperature discrimination,
WDT, HPDT, pain during tonic heat stimulation, tolerance
to transcutaneous electrical current, and MVIC. Finally, we
examined the validity of the measurement tools in differ-
entiating between the presence and absence of block and
compared different cutoff points, when appropriate.

Statistics

The distributions of the baseline data and the various mea-
surements of block duration are presented as medians
(range). We evaluated the differences in block duration
among the 3 lidocaine doses (40, 80, and 160 mg) in study 1
and the 2 doses (100 and 300 mg) in study 2, respectively, as
mean block duration between the dose groups.

We used the 1-hour postblock assessments from both
studies and all test methods to assess the accuracy of the dif-
ferent tests by calculating their predictive quality. Because
there is no recognized gold standard for assessing the pres-
ence or absence of a block, we classified subjects according
to whether they had received a block with lidocaine (block
group) or placebo (no block group). However, failed blocks
(defined as no change in any of the sensory tests at 1 hour
postblock) were moved to the no block group. Predictive
quality was evaluated as sensitivity and specificity for the
various test methods for various cutoff values and their
respective area under the curve; for binary predictors, this
is the mean of the sensitivity and specificity.

To reduce the chance of false-positive findings, we con-
structed 99% confidence intervals (Cls) for the mean dif-
ferences in block duration and the measures of predictive
quality using a nonparametric bootstrap method. By this
method, bootstrapped replicate data sets are generated
separately for the 2 studies by sampling an equally sized
data set with replacement from the study participants (not
the individual observations), thereby retaining possible cor-
relation of observations on the same study participant in
the replicated data. The 99% CI is then constructed using
the 0.5% and 99.5% percentiles from 10,000 bootstrapped
replicates of the corresponding estimate. The method has
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no distributional assumptions. We considered a 99% CI not
including 0 to be statistically significant.

Finally, we performed a simulation study (Supplemental
Digital Content, Appendix 1, http://links.Iww.com/AA/
B467) showing that a nonparametric bootstrapped 99% CI
using data from only 14 observations still gives CIs with the
nominal 99% coverage.

Sample Size Calculation

We considered a 60-minute prolongation of the block to
be clinically relevant. On the basis of a previous study
of an intermediate-acting LA, we assumed a SD for the
duration of 60 minutes.> With this SD assumption, a sig-
nificance level of 0.05%, and a power of 90%, 13 subjects
would be needed to detect a mean difference of 60 min-
utes between groups. Assuming an equal prolongation
of effect between each doubling of the total dose (40 mg
vs 80 mg vs 160 mg), we considered a total of 13 sub-
jects to be sufficient for study 1 using a crossover design.
To compensate for dropouts and uncertainty in the SD,
we planned to include a total of 14 subjects. We made
the same assumptions for study 2 and included 14 new
subjects.

RESULTS

In study 1, we included 14 subjects. All subjects completed
the study except 1, who fell sick on day 2 (resulting in
missing data for the paired analysis, but available data are
included in the Figures and in the assessment of validity).
For study 2, we included 14 new subjects, who all com-
pleted the study and were included in the data analysis.
There were no adverse or serious adverse events in either
study. Complete block resolution was observed in all sub-
jects, meaning that all assessments returned to values
within the predefined reference value for normalized data
described in the “Methods” section. Subjects’ characteristics
are presented in Table 1.

Study 1

Duration of sensory block assessed by mechanical discrimi-
nation (primary outcome) differed statistically significantly
when the 40-mg dose was compared with both the 80-mg
dose (mean difference, 1.15 hours; 99% CI, 0.38-2.09 hours)
and with the 160-mg dose (mean difference, 0.92 hours;
99% CI, 0.17-1.62 hours). However, there was no differ-
ence between the 80- and 160-mg doses (mean difference,
-0.23 hours; 99% CI, —1.12 to 0.46 hours). For the secondary
endpoints, the only statistically significantly differences in
duration (99% CI not including 0) were seen in the tempera-
ture discrimination test and the MVIC assessment. Similar
to the mechanical discrimination test, there were no dif-
ferences (<1 hour difference in mean duration and 99% CI
including 0) between the 80- and 160-mg doses (Table 2).

Table 1. Subjects’ Characteristics

Study 1 Study 2
Age (y) 25 (21-26) 23 (18-29)
Height (cm) 183 (175-194) 183 (169-191)
Weight (kg) 74 (63-85) 76 (60-89)
Data are reported as median (range).
ANESTHESIA & ANALGESIA
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Table 2. Duration of Adductor Canal Block Across Lidocaine Doses in Study 1

Median Block Duration (h)

Mean Difference (99% CI) (h)

Test Method 40 mg 80 mg 160 mg
Mechanical discrimination 2 (0to4) 2 (0to 5) 2 (0to4)
Temperature discrimination 2 (0to 4) 4 (2to5) 4 (2to5)
WDT 2 (0to 4) 2 (1to 3) 2 (0 to 5)
HPDT 1 (0to 5) 2 (0 to b) 2 (0to 3)
Tonic heat stimulation 2 (0to 4) 3(0to4) 3 (0to5)
Electrical current 0 (0to4) 0.5(0to4) 0 (0to 3)
MVIC 0 (0 to 3) 1 (0to 4) 0 (0 to 3)

40 vs 80 mg 40 vs 160 mg 80 vs 160 mg
1.15 (0.38 to 2.09)2 0.92 (0.17 to 1.62)? -0.23 (-1.12 t0 0.46)
1.23 (0.28 to 2.25)? 1.23 (0.38 to 2.05)? 0.00 (-1.00 to 0.89)
0.23 (-0.47 to 1.09) 0.38 (-0.31 to 1.25) 0.15 (-0.87 to 1.09)
0.77 (-0.15 to 1.66) 0.46 (-0.80 to 1.60) -0.31 (-1.23 to 0.54)
0.61 (-0.27 to 1.55) 0.54 (-0.40 to 1.53) —-0.08 (-0.71 to 0.42)
0.60 (-0.85t0 1.91) 1.00 (-0.32 to 2.45) 0.25 (-0.75t0 1.04)
0.69 (0.01 to 1.24)? 0.46 (-0.42 to 1.23) —-0.23 (-1.00 to 0.43)

Data are presented as median (range) and differences between lidocaine doses as mean values with constructed nonparametric bootstrapped 99% Cls. See
the Supplemental Digital Content (Appendix 1, http://links.lww.com/AA/B467) for the Monte Carlo simulation showing the coverage of the 99% 2-sided Cls.
Mechanical discrimination was the primary outcome of the study, and the other assessment methods were secondary outcomes.

Abbreviations: Cl, confidence interval; HPDT, heat pain detection threshold; MVIC, maximum voluntary isometric contraction; WDT, warmth detection threshold.

aMarks statistical significance according to the bootstrapped 99% Cls.

Study 2

In study 2, we found no difference in mean duration of
block assessed by mechanical discrimination between the
100- and 300-mg doses: median duration, 3.5 hours (0-5
hours) versus 3.5 hours (1-5 hours; mean difference, 0.00
hour; 99% CI, —0.93 to 1.00). Neither were there any statis-
tically significantly differences in the secondary outcomes,
apart from in the HPDT test (Table 3).

Predictive Quality of the Different Assessment
Tools

Five of the 13 subjects in study 1 only had partial blocks
after an ACB with 40 mg lidocaine (defined as no change in
atleast 2 of the sensory tests at 1 hour postblock). Because of
the many unreliable blocks obtained with this treatment, we
decided to exclude the 40-mg dose for the predictive qual-
ity assessments. Furthermore, 1 subject had a failed block
(100 mg lidocaine, study 2) with no change in any of the sen-
sory tests at 1 hour postblock, and this subject was moved to
the no block group for the quality assessments.

The temperature discrimination test was the only test
displaying sensitivity and specificity >90% for both param-
eters with 100% specificity and 100% sensitivity (Table 4).
Receiver operating characteristic curves for the different
tests and the corresponding area under the curve are pre-
sented in the Figure and Table 3. Using electrical stimula-
tion and MVIC for diagnosing the presence or absence of
block was no better than guessing.

DISCUSSION

This study did not find evidence to support the hypothesis
that increasing total dose of lidocaine prolongs duration of
an ACB. In study 1, block duration was shorter after an ACB
with 40 mg lidocaine, but there were no differences among
the higher doses (mean differences, <1 hour and 99% CI
including 0). Importantly, 5 of 13 subjects receiving the
40-mg dose only had partial blocks, considerably affecting
block duration in this group. To ensure we were not over-
looking a possible effect of total mass on block duration, we
decided to perform study 2, administering higher doses of
lidocaine with a larger increment between doses. Study 2
supported the findings of study 1 showing no statistically
significant or clinically relevant difference in block duration
despite a 3-fold increase in dose. The only significant differ-
ence between doses was seen in the HPDT test, showing a
prolongation in block duration of 1 hour (99% CI, 0.07-2.00)
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in favor of the 300-mg dose. Considering the discrepancy in
this finding compared with the other tests, and the finding
that HPDT was not the test method with the highest predic-
tive quality (Table 3), this is likely to be a result of chance
(type 1 error). Thus, it seems that once we have achieved
a full block, there is nothing gained in duration by simply
increasing the total dose.

The primary determinant of LA pharmacodynamics
is unknown. Although several previous studies found no
relationship between LA pharmacodynamics and block
duration,!8 recent studies using ultrasound have shown
that decreasing LA volume, concentration, or dose may
shorten block duration.®”*111214 A possible explanation for
the discrepancy among these studies may be that ultra-
sound has made it possible to reduce volumes to extremes
that may compromise the effectiveness of a block. Nader
et al’ found no difference in sciatic block duration among
volumes of 10 mL or more, but when volume was reduced
to 5 mL or less, block duration was shortened. Nader et al’
hypothesized that once an adequate number of a long-
acting LAs are bound to the ion channels, the remaining
molecules are gradually diminished and cannot act as a
reservoir for further prolonging the nerve blockade. In our
study, we used a fixed volume of 20 mL, but different con-
centrations of lidocaine, and thereby different total doses.
Despite a 3-fold increase in total dose in study 2, we found
no difference in duration. Interestingly, despite using an
intermediate-acting LA with substantially shorter duration
and time for absorption, our results nonetheless support
the hypothesis proposed by Nader et al that after inject-
ing a certain threshold dose, there is nothing gained by a
simple increase in dose.

Another important finding of this study was that the
temperature discrimination test showed 100% sensitivity
and specificity for differentiating between the absence and
presence of block at 1 hour postblock. Notably, we were not
able to calculate CI for the temperature discrimination test’s
sensitivity and specificity (and a few of the other test meth-
ods) using a nonparametric bootstrap method, because all
indications were positive and there was no variance. The
high predictive quality of the temperature discrimination
test was closely followed by the mechanical discrimina-
tion and thermal tests, all displaying high sensitivity and
specificity, as well as high accuracy in the receiver operat-
ing characteristic curves. However, none of the other test
methods displayed both sensitivity and specificity scores
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Table 3. Duration of Adductor Canal Block Across Lidocaine Doses in Study 2
Median (Range) Block Duration (h)

Test Method 100 mg 300 mg Mean (99% ClI) Difference (h)
Mechanical discrimination 3.5(0to 5) 3.5(1tob5) 0.00 (-0.93 to 1.00)
Temperature discrimination 5 (0 to 5) 4 (3 to 6) -0.21 (-1.00 to 0.43)
WDT 3(1tob) 3(2to 5) —-0.14 (-0.79 to 0.43)
HPDT 2 (0to 4) 3(1to5) 1.00 (0.07 to 2.00)?
Tonic heat stimulation 3 (0to 6) 2.5 (1to 4) -0.36 (-1.43 to 0.93)
Electrical current 1(0tob) 2 (0to4) 0.64 (-0.43 10 1.79)
MVIC 0 (0 to 3) 0 (0 to 3) 0.50 (-0.29 to 1.00)

Data are presented as median (range) and differences between lidocaine doses as mean values with constructed nonparametric bootstrapped 99% Cls. See
the Supplemental Digital Content (Appendix 1, http://links.lww.com/AA/B467) for the Monte Carlo simulation showing the coverage of the 99% 2-sided Cls.
Abbreviations: Cl, confidence interval; HPDT, heat pain detection threshold; MVIC, maximum voluntary isometric contraction; WDT, warmth detection threshold.
aMarks statistical significance according to the bootstrapped 99% Cls.

Table 4. Validity of the Different Measurement Tools Used in the Studies

Variable Cutoff Values Sensitivity (99% Cl), n = 54 Specificity (99% Cl), n = 15 AUC (99% Cl), n = 69

Mechanical discrimination —
Temperature discrimination —

0.87 (0.73 to 0.98)
1.00 (0.92 to 1.0)

1.00 (0.75 to 1.0)
1.00 (0.75 to 1.0)

0.94 (0.86 to 0.99
1.00 (0.89 to 1.00

)

( ( )

WDT 1°C 0.96 (0.79 to 0.98) 0.40 (0.14 to 0.93) 0.68 (0.54 to 0.93)
2°C 0.94 (0.82 to 0.98) 0.80 (0.06 to 1.00) 0.87 (0.47 to 0.97)

3°C 0.89 (0.79 to 0.97) 0.87 (0.06 to 1.00) 0.88 (0.44 to 0.98)

HPDT 1°C 0.89 (0.75 to 0.98) 0.87 (0.06 to 1.00) 0.88 (0.43 to 0.99)
2°C 0.80 (0.65 to 0.94) 1.00 (0.75 to 1.0) 0.90 (0.83 to 0.97)

3°C 0.78 (0.62 to 0.93) 1.00 (0.75 to 1.0) 0.89 (0.81 to 0.96)

Tonic heat stimulation 5 mm 0.91 (0.80 to 0.98) 0.80 (0.06 to 1.00) 0.85 (0.44 to 0.95)
10 mm 0.83 (0.69 to 0.96) 0.87 (0.06 to 1.00) 0.85 (0.38 to 0.94)

15 mm 0.76 (0.61 to 0.89) 1.00 (0.75 to 1.0) 0.88 (0.80 to 0.94)

Electrical current 5 mV 0.52 (0.34 to 0.69) 0.67 (0.07 to 1.00) 0.59 (0.29 to 0.91)
10 mV 0.37 (0.18 to 0.56) 0.80 (0.06 to 1.00) 0.59 (0.17 t0 0.73)

MVIC 75% 0.11 (0.00 to 0.55)) 1.00 (0.75 to 1.0) 0.56 (0.12 t0 0.72)
85% 0.28 (0.11 to 0.46) 0.93 (0.07 to 1.00) 0.60 (0.11 t0 0.72)

90% 0.33 (0.02 to 0.37) 0.87 (0.25 to 1.00) 0.60 (0.29 to 0.62)

Validity of the different measurement tools used to detect presence or absence of adductor canal blocks with saline, 80, 100, 160, and 300 mg lidocaine. We
classified subjects according to whether they had received a block with lidocaine (block group, n = 54) or saline (no block group, n = 15). However, 1 subject had a
failed block (defined as no change in any of the sensory tests at 1 h postblock) and was moved to the no block group. We constructed nonparametric bootstrapped
99% Cls adjusting for within-patient correlation. However, the bootstrap method could not be used when sensitivity and specificity was 1.0, in which cases we
estimated the Cl using standard formula for proportions. The reader should be aware that there is an increased risk of bias when ignoring the correlation.

Abbreviations: AUC, area under the curve; Cl, confidence interval; HPDT, heat pain detection threshold; MVIC, maximum voluntary isometric contraction; WDT, warmth

detection threshold.

above 90%. Compared with the thermal tests, the tempera-
ture and mechanical discrimination tests are cheaper, less
time-consuming, and more feasible. Therefore, they may be
preferred, especially in a clinical setting. The slightly lower
predictive quality seen with the thermal tests probably
reflects the larger reliability in these continuous variables.
However, contrary to temperature discrimination, these
continuous variables offer a more nuanced interpretation of
the effect of the block. Although experimental models can-
not substitute clinical studies, not all studies are feasible in
a clinical setting. This is why we aimed to validate differ-
ent measurement tools that can be used in an experimental
setting. Because the HPDT and tonic heat stimulation tests
assess the function of A and C pain fibers, they may more
closely mimic the analgesic effect in a surgical setting than
the mechanical and temperature discrimination tests.

The cutoff values used in the MVIC, WDT, HPDT, and
tonic heat stimulation tests were chosen based on the results
of a small pilot study. According to Table 4, the applied cut-
off values showed the highest accuracy among the analyzed
cutoff values or were essentially the same as the highest val-
ues. However, the choice of a cutoff value for a diagnostic
test cannot be based on the accuracy of the test alone, but
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the relative importance of sensitivity and specificity in a
clinical setting needs to be taken into consideration as well.

Contrary to the thermal tests, the MVIC and transcu-
taneous electrical current tests were no better than guess-
ing in differentiating between the presence and absence
of block. From previous studies, it is known that most
patients have no affection of their quadriceps muscle after
an ACB"" and, therefore, the low sensitivity seen in the
MVIC test should come as no surprise. However, specific-
ity was relatively high, corresponding to the high validity
and reliability found in previous studies.’*?> The saphe-
nous innervation in the tested area is limited to the skin.
However, electrical current may affect deeper lying tissues,
like muscles, and may therefore be unsuited for evaluating
the sensory effect of an ACB in this area. Most PNBs affect
both efferent and afferent neurons, and electrical current
has recently been shown to be a reliable assessment tool
for femoral nerve blocks.? Thus, the low predictive quality
seen for MVIC and transcutaneous electrical current in this
study is probably restricted for diagnosing the presence
and absence of block after an ACB.

There are several limitations of this study. First, we used
lidocaine that is not used clinically for an ACB, and our
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results may not be applicable when other types of LA are
used. Lidocaine was chosen for logistic reasons. Although
the clinical relevance of lidocaine for an ACB may be ques-
tioned, it provided us with the interesting finding that even
for an intermediate-acting LA, the primary determinant
seems to be the initial binding of LA molecules, and no res-
ervoir should be expected. Second, the diluted concentra-
tions of lidocaine tested in study 1 are not used clinically
but provided information of a possible threshold value.
Considering the lack of difference in block duration (and
block success rate) in study 2, despite a 3-fold increase in
total dose, it seems unlikely that higher concentrations
would have affected the results. Third, the ACB is primarily
a sensory block, and the low predictive quality seen with
the MVIC test in this study may not be applicable to motor
block duration in another setting. Fourth, because of the
small sample size, we were not able to test whether there
was a differential carryover effect. Because the primary out-
come was duration of block, the assessment period contin-
ued until all measurements were back to normal, and there
was no longer any effect of the medication, thereby mini-
mizing any carryover effect. However, there may have been
a systemic carryover effect because of the bilateral treat-
ments. There was no such effect seen in the placebo group
(zero block duration for all assessments), but a small carry-
over effect cannot be entirely excluded. Fifth, although we
used conservative CI, we did not adjust for multiple testing
in any formal way because this would unreasonably jeopar-
dize power. Therefore, the chance of false-positive findings
may be larger than the conventional 5%.

This study involving healthy volunteers enabled us to
perform several and frequent measurements postblock,
which would not have been feasible in a surgical setting.
Although an experimental setting removes the variability
because of the surgical impact, the true analgesic effect
of the block cannot be assessed. Finally, the findings of
this study may not be applicable to other LA types, other
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Source of the Curve

— Mechanical discrimination
— Temperature discrimination

Figure. Receiver operating characteristic
(ROC) curves of the accuracy of the different
tests in differentiating between the presence
and absence of block. The further the curve
lays above the reference line, the more accu-
rate the test. Based on their distances from
the reference line, the temperature discrimi-
nation test is the most accurate test. The
area under the curve and corresponding 99%
confidence interval (Cl) for the different tests
were as follows: 0.94 (0.86-0.99) for the
mechanical discrimination test, 1.00 (0.89-
1.00) for the temperature discrimination
test, 0.94 (0.84-1.0) for the warmth detec-
tion test, 0.93 (0.73-1.0) for the heat pain
detection threshold test, 0.94 (0.86-1.0) for
the tonic heat stimulation test, 0.64 (0.45-
0.88) for the electrical current test, and 0.58
(0.45-0.80) for the maximum voluntary iso-
metric contraction test. We constructed non-
parametric bootstrapped 99% Cls adjusting
for within-patient correlation.

Warmth detection
threshold

Heat pain detection
threshold

Tonic heat stimulation
Electrical current

Quadriceps muscle
strength
Reference Line

volumes, continuous infusion regimens, multiple injection
techniques, and anatomic locations.

In conclusion, we found that increasing concentration
or total dose of lidocaine for an ACB did not increase block
duration. The temperature discrimination test showed
100% specificity and sensitivity in differentiating between
the presence and absence of sensory block. The MVIC and
transcutaneous electrical current tests, on the other hand,
are not reliable when assessing block duration after an
ACB. 58
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