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Abstract

Purpose This study investigated whether quantitative
sensory testing (QST) with thermal stimulations can
quantitatively measure the of an
ultrasound-guided interscalene brachial plexus block

(US-ISB).
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Methods This was a prospective randomized trial in
patients scheduled for arthroscopic shoulder surgery under
general anesthesia and US-1SB. Participants and observers
were blinded for the study. We assigned the study
participants  to one of three 0.5%
levobupivacaine 15 mL, 0.5% levobupivacaine 15 mL
with 1:200,000 epinephrine, and 0.75% ropivacaine 15
mL. We performed thermal QST within dermatomes C4,
C5, C6, and C7 before infiltration and 30 min, six hours,
ten hours, and 24 hr after performing the US-ISB. In
addition, we used QST, a semi-objective quantitative
testing method, to measure the onset, intensity, duration,

groups:

extent, and functional recovery of the sensory block. We
thresholds for cold/warm
sensations and cold/heat pain.

Results Detection thresholds for all thermal sensations
within the ipsilateral C4, C5, C6, and C7 dermatomes
increased rapidly (indicating the development of a
hypoesthetic state) and reached a steady state after 30
min. This lasted for approximately ten hours and returned
to normal detection thresholds by 24 hr. There were no

also measured detection

differences detected between the three groups at 24 hr
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when we compared warm sensation thresholds on one
dermatome. Visual inspection of the pooled results per
dermatome suggests the ability of QST to detect clinically
relevant differences in block intensity per dermatome.

Conclusions Quantitative sensory testing can be useful
as a method for detecting the presence and characteristics
of regional anesthesia-induced sensory block and may be
used for the evaluation of clinical protocols. The three
local anesthetic solutions exhibited a similar anesthetic
effect. The results support the use of QST to assess block
characteristics quantitatively under clinical research
conditions. This trial was registered at Clinicaltrals.gov,

NCT02271867.

Résumé

Objectif Cette étude avait pour objectif de déterminer si
les tests sensoriels quantitatifs (QST) avec stimuli
thermiques pouvaient mesurer de facon quantitative les
caractéristiques d’un bloc interscalénique du plexus
brachial réalisé sous échoguidage (US-ISB).

Méthode 1l s’agit d’une étude randomisée prospective
réalisée aupres de patients devant subir une chirurgie
arthroscopique de I’épaule sous anesthésie générale et US-
ISB. Aux fins de I’étude, les participants et les observateurs
étaient en aveugle. Nous avons attribué les participants a
U'un de trois groupes : 15 mL de lévobupivacaine 0,5 %, 15
mL de lévobupivacaine 0,5 % avec de [’épinéphrine
1: 200 000, et 15 mL de ropivacaine 0,75 %. Nous avons
réalisé des QST thermiques au niveau des dermatomes C4,
C5, C6 et C7 avant Uinfiltration et 30 min, six heures, dix
heures et 24 heures apres réalisation du US-ISB. De plus,
nous avons utilisé le QST, une méthode de test quantitatif
semi-objective, afin de mesurer le délai d’action,
Uintensité, la durée, ['étendue et la récupération
fonctionnelle du bloc sensitif. Nous avons également
mesuré les seuils de détection des sensations de
froid/chaleur et de douleur au froid/a la chaleur.
Résultats
thermiques au sein des dermatomes ipsilatéraux C4, C5,
C6 et C7 ont rapidement augmenté (indiquant 1’apparition
d’un état d’hypoesthésie) et se sont stabilisés aprés 30 min.
Cet état a duré environ dix heures et, a 24 h, les seuils de
détection étaient a nouveau normaux. Aucune différence
n’a été détectée entre les trois groupes a 24 h lorsque nous
avons comparé les seuils de sensation de chaleur au niveau
d’'un dermatome. L’inspection visuelle des résultats
groupés par dermatome laisse penser que le QST
pourrait détecter les différences pertinentes d’un point de
vue clinique en matiére d’intensité du bloc par dermatome.
Conclusion Les tests sensoriels quantitatifs peuvent étre
utiles pour détecter la présence et les caractéristiques d’un
bloc sensitif induit par l'anesthésie régionale; ces tests
peuvent étre utilisés pour évaluer les protocoles cliniques.

Les seuils de détection de toutes les sensations

Les trois solutions d’anesthésiques locaux ont eu un effet
anesthésique semblable. Les résultats appuient I’ utilisation
des QST pour évaluer les caractéristiques d’un bloc de
facon quantitative dans des conditions de recherche
cliniqgue. Cette étude a été  enregistrée  au
www.clinicaltrials.gov, NCT02271867.

Several improvements in clinical practice of peripheral
nerve blocks (PNB) have been introduced over the last
decade, including the routine use of ultrasound (US).
Numerous studies have emphasized the advantages of US,
including reduced block onset time, control of the spread of
local anesthetic (LA), and the use of smaller volumes of
LA™

There are several challenges to address in order to bring
about further improvement in the quality of PNB. One
challenge is to determine if we can further reduce LA
concentrations and still produce a block of sufficient
duration and antinociceptive intensity. Another challenge
requires objective and reliable identification of the optimal
anesthetic solutions and injection sites to achieve
postoperative analgesia with the use of a single-injection
block. Use of novel methods should help to address the
challenges of objectively assessing PNBs.

With this in mind, we considered using thermal
quantitative sensory testing (QST), a method frequently
applied to assess chronic pain syndromes.”* The rationale
for using QST to assess a block is to draw on a reliable
repeatable technique to obtain a gradual and objective
measurement of the intensity of a sensory block over
time.” By contrast, traditional sensory testing techniques,
such as pinprick, touch, cold sensation, and motor block,
applied in previous studies are more subjective, less
discriminatory between different fibres and nociceptors,
not gradual, and can depend on the intensity of their
application.'®'? Cold sensation (CS) by ether application is
the most frequently used clinical evaluation of sensory
impairment after regional analgesia, but CS examines only
A-3 fibres, not C fibres.'® Pinpricks stimulate A-3 fibres, C
fibres, and unencapsulated free nerve endings and
mechanoreceptors. These mechanoreceptors are activated
not only by noxious stimuli but also by pressure and
stretch, both of which stimulate adjacent cells.'*

Thermal QST, a computer-operated threshold system,
uses contact heat and cold stimulations delivered by a
contact thermode. This methodology has gained wide
acceptance in the evaluation of chronic pain conditions
involving dysfunction of cutaneous small fibres. With the
availability of normative data, studies have implemented
standardized QST protocols that apply age- and sex-
matched reference values.”'> This technique is useful in
the detection and follow-up of various types of small-fibre
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neuropathies characterized by the impairment of the thinly
myelinated A-8 and unmyelinated C fibres.®

The purpose of the present report is to describe block
characteristics as measured by QST for the benefit of
researchers who may consider using this measurement
technique in their own research or clinical practice.

Methodology

The local ethical committee gave their approval (approval
no. 9/25/113). for this single-centre prospective
randomized double-blind study. We conducted the study
at Antwerp University Hospital from July 2009 to August
2010 in accordance with the recommendations of good
clinical practice. Inclusion criteria for the study were adult
patients scheduled for diagnostic and therapeutic shoulder
arthroscopy, with or without decompression. Exclusion
criteria included patients with contraindications to the
study drugs or interscalene brachial plexus block, those
with diabetes mellitus or peripheral neuropathy, or those
receiving chronic analgesic therapy. An anesthesiologist
assessed patients during the preoperative consultation, and
if patients met the inclusion and exclusion criteria and
signed the informed consent form, they could enroll in the
study. Patients stopped using all analgesics 12 hr before
surgery, and all patients included in this study protocol
received lorazepam (1 mg) orally as a premedication.

Randomization technique

The patients were randomly assigned to receive an
ultrasound-guided interscalene brachial plexus block (US-
ISB) with one of three LA solutions. An independent
researcher who was not involved in patient care during the
study procedure prepared sealed envelopes to allocate the
participants randomly to one of the three study groups. The
randomization technique for this study did not involve use
of strata or blocks.

A research assistant entered sex, age, and dermatome
data into the TSA-II - NeuroSensory Analyzer (Medoc
Ltd., Ramat Yishai, Israel) before the first test. The
analyzer’s software uses sex, age, and dermatome to
identify corresponding normative values for the different
thermal thresholds.”'® Patients with initial QST findings
indicating the presence of hyper- or hypo sensory
phenomena were excluded from participation.

We then assigned patients randomly to one of three
experimental conditions: 0.5% levobupivacaine (0.5%
LBup), 0.5% levobupivacaine with 1/200,000 epinephrine
(0.5% LBupEpi), or 0.75% ropivacaine (0.75% Rop)
(Fig. 1). We used low-volume high-concentration long-
acting LA for maximal duration of analgesic effect via a
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single-injection ISB.'”'® The blinded researcher then
selected a sealed envelope and gave the envelope to the
unblinded study team member. The unblinded member of
the study team prepared the medication in a room adjacent
to the operating theatre. Patients, the independent data
recorder, and the physician performing the ISB were
unaware of the LA solution used. We then recorded QST
parameters - warm sensation (WS), CS, heat pain (HP), and
cold pain (CP) - at different time points after the LA
injection.

Quantitative thermal testing

We performed thermal QST within dermatomes C4
through C7 in the following manner: We first placed the
thermal analyzer thermode and fixed the device in position
with a band on the dermatomes to be tested. The device
induces a serial change in temperature starting at a baseline
of 32°C. Changes in the intensity and direction of the
current flow (Peltier principle) result in ascending or
descending changes in the surface temperature of the test
thermode at a rate of 1°C-sec™" for non-noxious sensations
and 1.5°C-sec”' for painful stimulations. Patients set
threshold values by pressing a button when they detect a
change in temperature or pain (method of limits). Detection
thresholds for non-noxious CS and WS (representing A-6
fibres and C fibres, respectively) are recorded first.
Detection thresholds for CP and HP (both representing
A-d and C fibres) are subsequently documented. To avoid
skin injury, increases and decreases in temperature are
stopped at 50.5°C for HP and 0°C for CP.

We performed the thermal QST one hour before US-ISB
and then 30 min, six hours, ten hours, and 21-24 hr after
LA infiltration. We also performed sensory testing in the
contralateral C5 dermatome, which served as an intra-
participant control. We obtained five measurements for CS/
WS and three measurements for CP/HP at every
dermatome and used the mean of the measurements for
each sensation/pain. The controls used in this protocol
included the measured thresholds of all ipsilateral
dermatomes before performing the US-ISB and all
thresholds of the unblocked contralateral C5 dermatome
at every interval. We determined the WS/CS and HP/CP
detection thresholds by applying the reaction-time
inclusive method of limits. Each patient served as their
own control; individual baseline values were substitute
reference ranges for the normative data available for these
tests. We assessed the effect of applying regional
anesthesia by an evaluation of the differences in
detection thresholds for these non-noxious thermal
stimuli. We expressed the degree of hypoesthesia as a
change in the detection threshold from baseline (32°C) to
maximal level (50.5°C for WS and 0°C for CS).”"
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Fig. 1 CONSORT 2010 flow
diagram

Assessed for eligibility
(n=177)

Excluded (n=125)
Not meeting criteria (n=66)
Declined to participate (n=50)
Other reasons (n=9)

Randomized (n=52)

Lost to follow-up (n=0)
Discontinued intervention (n=2)
open cuff repair

Analysed (n=15)

Following each QST, we evaluated the degree of motor
block using a validated three-point modified Bromage
scale."’

The need for and timing of rescue medication were also
part of the evaluation of clinical parameters for block
efficacy, and we noted both in the medical records. The
rescue medication consisted of paracetamol 1 g iv and
ketorolac 30 mg iv. Quantitative sensory testing was
performed for all patients one hour before infiltration in the
four ipsilateral (C4, C5, C6, C7) dermatomes and the
contralateral (C5) dermatome. We based the measurement
time points in our patient population on full recovery of
cognitive function after attaining general anesthesia using
short-acting anesthetics. Data from the left and right sides
of the body were combined for absolute reference data.’

Regional anesthesia technique
An US-ISB was performed with an injection at the level of

the emerging C5 nerve root. Under sterile conditions, we
used a 12-MHz Logiq e linear probe (GE, USA) and a 22G

Allocated to group levo+E
(n=18)

Received allocated intervention
(n=18)

Allocated to group ropi (n=17)
Received allocated intervention
(n=17)

Lost to follow-up (n=0)
Discontinued intervention (n=3)
open cuff repair, extreme PONV,
refusal of patient

Lost to follow-up (n=0)
Discontinued intervention (n=2)
open cuff repair

Analysed (n=15) Analysed (n=15)

Stimuplex® needle (BBraun, Germany) in an in-plane
needle approach. We localized the C5 root by recognizing
the transverse processes of C7, C6, and CS5, and then, we
slowly injected 15 ml of the LA with the needle positioned
lateral to the C5 root. When necessary, we repositioned the
needle medial to the C5 root to optimize the spread
anteriorly.

General anesthesia technique

The second QST was performed 30 min after the US-ISB,
followed by induction of general anesthesia. A
standardized induction consisted of propofol 2-3
mg-kg™', fentanyl 3 pgkg™', and rocuronium 0.5
mgkg™', followed by sevoflurane maintenance. We
conducted noninvasive blood pressure, electrocardiogram,
and SpO, monitoring before induction and at regular
intervals after intubation. In addition, capnography
continued until the end of the procedure. Supplemental
opioid increments were administered when the pre-
induction blood pressure increased by > 25%.
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Statistical analysis

A preliminary study showed the possibility of finding a
difference of 5.5°C between any two groups at a single
time point and a single dermatome. This would entail
using a desired power of 0.90, a significance criterion
of 0.05 (two-tailed), and a standard deviation (SD) of
4.8°C with a sample size of at least 13 patients per
group (StatsToDo Trading Pty Ltd). We therefore
limited the statistical analysis for the between-group
analysis to a predefined single time point (24 hr post
injection), on a single dermatome (C5), for a single test
(WS). We applied the analysis of variance test for this
comparison. We  reported continuous  normally
distributed variables as mean (SD) and the non-
normally  distributed variable, time to rescue
medication, as median (interquartile range [IQR]).
Statistical analyses were performed using Prism 6.0e
for Mac (GraphPad Software, Inc. USA). Normality was
confirmed by applying the D’Agostino-Pearson omnibus
test for normality to the residuals of the model.

Outcome parameters

The primary outcome parameter was the measurement of
gradual changes in block characteristics (evaluating
changes in cutaneous somatosensation) along the
adjacent roots of the injection site in an ISB. Our
secondary goal was to determine the feasibility of using
QST to assess various LA block characteristics, such as
onset, intensity, duration, and functional recovery, by
measuring sensory detection thresholds in the relevant
dermatomes. As a third outcome parameter, we wanted to
investigate the feasibility of using QST to evaluate the
presence of a sensory block, given that the application of
regional anesthesia increases the detection thresholds for
stimuli. We defined feasibility as a
standardized technique using useful signals to measure
the intensity (with low variability) of PNB in all patients
under research conditions and not in a routine clinical
setting.

There was insufficient power in our study design to
show differences between LA solutions at different
assessment intervals.

In order to analyze changes in block characteristics
over time for multiple dermatomes with adequate
precision, we would require far larger groups of patients
because of the multiplicity of testing. We therefore chose
to report the obtained data but refrain from further
statistical analysis regarding time-dependent changes.
Data were pooled per dermatome to report between-
dermatome differences.

non-noxious
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Results

We randomly assigned 52 patients to three groups (Fig. 1)
and excluded seven patients during the study period before
we reached our sample of 45 patients. Patient
demographics were similar across the three groups
(Table 1). The QST results prior to injection were within
the age-, sex- and dermatome-specific normative ranges for
all 45 patients.”"”

The changes in mean (SD) detection thresholds in C5
were as follows:

— Group LBup [CS, 24.4°C (6.5) to 7.4°C (11.5) and WS,
39.4°C (3.1) to 48.8°C (3.2)];

— Group LBupEpi [CS, 26.3°C (2.8) to 4.4°C (9.3) and
WS, 38.1°C (1.1) to 49.1°C (3.8)];

— Group Rop [CS, 24.9°C (4.4) to 5.7°C (9.4) and WS
38.7°C (2.6) to 49.2°C (3.0)].

Table 3 (available as an Electronic Supplementary
Material) itemizes all recorded mean values for each
drug, dermatome, and time point.

Fig. 2 (WS and CS in C5) and Fig. 3 (WS and CS in C7)
present the different detection thresholds for the three
solutions displaying the block characteristics over time,
including the block intensity. We observed these changes at
30 min, and they lasted up to ten hours after injection. The
mean (SD) CS and WS thresholds [CS, 5 (40)%; WS, 28
(60)%] did not differ more than 50% from the baseline-
corrected values in the C7 dermatome (Fig. 3); thus, an
adequate (i.e., clinically relevant) sensitive block was
likely not achieved in this dermatome. Nevertheless, the

Table 1 Demographic data of the different groups

LA solution 0.5% LBup 0.5% LBupEpi 0.75% Rop
Sample size 15 15 15
Sex

Female 8/15 (53%) 5/15 (33%) 6/15 (40%)
Age (yr)

Mean (SD) 50 (12) 49 (10) 56 (12)
Height (cm)

Mean (SD) 171 (10) 174 (6) 170 (9)
Weight (kg)

Mean (SD) 83.07 (16) 76.17 (18) 78.53 (16)
BMI (kg-m™>)

Mean (SD) 28.83 (7) 24.98 (5) 27.02 (5)

Demographic data of the different groups. Data are analyzed using >
and one-way analysis of variance tests where applicable. Data are
expressed as mean (SD). BMI = body mass index; LA = local
anesthetic; LBup = levobupivacaine; LBupEpi = levobupivacaine
with 1/200,000 epinephrine; Rop = ropivacaine
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Fig. 2 Time course of neurosensory changes at the C5, ipsilateral and
contralateral, dermatome for the three anesthetic solutions (0.5%
LBup, 0.5% LBupEpi, and 0.75% Rop) measured with quantitative
sensory testing (mean, standard deviation [SD]) in detection
thresholds for cold sensation and warmth sensation. The increases
in thresholds are significant as compared with pre-injection thresholds
(P < 0.05). Contralateral measurements (displayed in open non-filled

observed changes in the detection threshold still suggest
the presence of a certain degree of hypoesthesia. Fig. 5 and
Fig. 6 (available as an Electronic Supplementary Material)
show changes in the CP and HP thresholds over time for
C5 and C7, respectively.

At 24 hr following injection of LA, the mean (SD)
differences between the initial (Pre) and last measured
values (24 hr) in C5 were as follows:

—  Group LBup [WS, —1.3 (5.1)°C and CS, —1.3 (5.2)°C]J;

— Group LBupEpi [WS, —2.7 (5.8)°C and CS, 0.7
(3.9)°CJ;

— Group Rop [WS, —3.5 (1.2)°C and CS, 1.2 (4.8)°C].

-0 0.5%LBup-Ipislateral
—— 0.5%LBupEpi-Ipsilateral

0.75% Rop-ipsilateral
~©- 0.5%LBup-Contralateral
-0 0.5%LBupEpi-Contralateral

0.75% Rop-Contralateral

shapes) served as intra-subject control and did not differ significantly
from the baseline temperature sensation detection thresholds.
Detection thresholds between the three local anesthetics (both
ipsilateral and contralateral) did not differ significantly. LBup =
levobupivacaine; LBupEpi = levobupivacaine with 1/200,000
epinephrine; Rop = ropivacaine

Differences in WS thresholds on C5 were not
statistically different for the three groups 24 hr after
injection (P = 0.215), indicating a similar degree of sensory
nerve blockade for the three LA solutions at that time
point.

Visual inspection of the data in Figs. 2 and 3 suggested
no differences between the three groups at all time points.
We therefore pooled the results for the three drugs to assess
differences in block intensity between dermatomes. The
changes in thresholds (pooled results for the three LA)
were pronounced at C5. The mean (SD) changes in
detection threshold values (hypoesthesia) were WS, 16.6
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Fig. 3 Time course of neurosensory changes at the ipsilateral C7 and
contralateral C5 dermatomes for the three anesthetic solutions (0.5%
LBup, 0.5% LBupEpi and 0.75% Rop) measured with quantitative
sensory testing [mean, standard deviation (SD)] in detection
thresholds for cold sensation and warmth sensation. Increases in
thresholds are significant as compared with pre-injection thresholds (P
< 0.05). Contralateral measurements (displayed in open non-filled

(9.2)°C and CS 26.6 (16.9)°C at six hours. At C7, the mean
(SD) changes for WS and CS were 5.2 (11.1)°C and 1.6
(12.8)°C, respectively. The variable change detected at
both dermatomes suggests the ability of QST to detect
clinically relevant differences in block intensity (Table 2).

After the QST at 30 min, motor block was complete
(Grade 2) in 43 patients (Fig. 4). A decreased (Grade 1)
motor response was observed in two patients. Motor block
lasted for at least ten hours in all patients, except one
patient treated with 0.5% LBup. The median [IQR] time
before the patients requested rescue medication was 12.5 hr
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—®- 0.5%LBup-Ipislateral

—4— 0.5%LBupEpi-Ipsilateral
0.75% Rop-ipsilateral

~©- 0.5%LBup-Contralateral
=& 0.5%LBupEpi-Contralateral
0.75% Rop-Contralateral

shapes) served as intra-subject control and did not differ significantly
from the baseline temperature sensation detection thresholds.
Detection thresholds between the three local anesthetics (both
ipsilateral and contralateral) did not differ significantly. LBup =
levobupivacaine; LBupEpi = levobupivacaine with 1/200,000
epinephrine; Rop = ropivacaine

[9.25 —16.8]. The elapsed time at rescue analgesia did not
differ significantly across the three groups.

Discussion

The findings of this study show that QST may be useful in
detecting the presence of a regional anesthesia-induced
somatosensory block and in evaluating the characteristics
over time. The detection thresholds for non-noxious
thermal sensations, WS, and CS continued to increase



Neurosensory effects in peripheral nerve blocks 53
Table 2 Mean difference in warm and cold sensation thresholds between C5 and C7 dermatones

Time point Warm Sensation (WS) Cold Sensation (CS)

Mean difference °C SD P>s P;s Mean difference °C SD Pys P75

Pre-injection 0.8 4.0 —1.1 33 —14 6.9 —4.6 2.1
30 min 6.4 6.3 0.0 11.9 —15.5 14.0 —26.5 —6.8
6 hr 7.1 7.1 0.5 12.0 —15.9 12.6 —-27.5 -24
10 hr 6.1 6.6 1.7 114 —15.5 12.5 —-28.0 -3.0
24 hr 2.1 6.3 —14 8.0 —1.8 5.6 -33 0.6

Mean temperature differences (with SD, P,s, and P;5) between dermatome C5 and dermatome C7, at each time point for CS and WS. The three
drugs are pooled (sample size: 45) following visual inspection of data, which suggests no clinically differences in block characteristics between
groups. These values suggest a clinically relevant difference in block intensity between dermatomes C5 and C7. Data from C4 and C6 (data not
shown) dermatome showed no clinical differences compared with the findings observed in the C5 dermatome

Motor Block

-~ 0.5% LBup (Ipsi)
& 0.5% LBupEpi (Ipsi)
0.75% Rop (Ipsi)

N
1

3-point modified Bromage score
(Mean +/- SD)

T

Pre 30min 6h 10h
Time

24h

Fig. 4 Time course of changes in intensity of motor block after
regional anesthesia. Motor block was assessed using the three-point
modified Bromage scale. A score of 2 means no motor block, while a
score of 1 means decreased motor strength and a score of 0 means
complete motor block with an inability to move. Data are displayed as
mean [standard deviation (SD)]

after 30 min, indicating that the maximal block was not yet
achieved, the LA solution was still spreading, or both. The
peak effect, measured as a maximum threshold at six and
ten hours, suggests a steady-state block with maximal
effect of LA. During this period, the block was sufficient,
and patients asked for rescue medication only when a
regression of the block had occurred.

There is an increased role for QST in the assessment of
A-4§ and C fibre function in diverse acute and chronic pain
conditions. This is applicable in the quantitative assessment
of PNBs in a clinical research setting by selective
measurement of A-d and C fibre sensory nerve function.
Its primary advantage is the lack of activation of
complementary sensations like vibration, stretch, and
pressure. Nevertheless, concerns of reliability and the
complexity of assessment have limited the broader
application of QST in the clinical setting.”-****

Complete temperature discrimination remained possible
at all time points regardless of the depth of the motor block.
This finding may indicate the presence of an incomplete
ISB, an incomplete sympathetic block, or a combination of
both. The sympathetic fibres originating from the cervical
sympathetic chain and present in the arterial vascular wall
are not blocked by an ISB.

Due to the proximity of the different roots in the
interscalene region and through the application of the QST
protocol, we were able to measure a gradual decrease in the
extent of the block with distance from the injection site
(CS), particularly in C7 where we measured a less deep
block. These differences provided an estimate of the effect
of spread of the anesthetic solutions as well as the speed of
block onset in every root. This effect is likely more
pronounced when using lower volumes of LA solutions.

The time course of the noxious detection thresholds was
similar to that of the non-noxious detection thresholds, but
the QST software automatically limits the noxious
detection thresholds at a certain temperature to avoid
burn or frostbite lesions (50.5°C and 0°C). When high
concentrations of LA solutions are used, HP and CP reach
those cut-off thresholds, making pain thresholds less
important in the evaluation of these blocks. In addition,
the highly variable activation of A-8 and C fibres
determines the CP thresholds; this activation differs
significantly across patients, making CP less reliable.”*
Nevertheless, a comparison of the reliable HP thresholds is
possible when examining the roots at the distance of C5
(Figs 5 and 6; available as Electronic Supplementary
Material).

At 24 hr, the motor block was in regression but still
present. Resolution of the sensory block, as measured by
thermal QST, appeared to precede resolution of the motor
block. There was no significant difference between the
different experimental groups. We can attribute these
effects to the decrease over time in the LA concentration
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in situ, with a faster recovery of sensory fibres than large
motor fibres.**

Comparing the ipsilateral vs the contralateral C5
dermatome was mandatory not only to obtain in-patient
reference data (because QST is region-specific and
absolute data are not available) but also to exclude an
eventual systemic effect of LA.” Moreover, the low
variability between these contralateral thresholds clearly
shows the reliability and reproducibility of QST and
confirms the feasibility of using QST under research
conditions, our tertiary outcome.

We did not include pinprick as a reference measurement
because thermal QST prior to pinprick induces increased
mechanical perception, and repeated mechanical
stimulation leads to habituation mechanisms, thereby
lowering mechanical thresholds.”?

Several practical considerations limit widespread use of
QST at the bedside. Quantitative sensory testing is reliable
only when following a rigorous methodological protocol
necessitating verbal instructions to the patient and
implementation of the technical procedure.”?” Patient
cooperation and attention are necessary to garner
adequate responses to the stimuli, challenging the use of
QST during the perioperative period, among patients
receiving sedatives, and at night. The development of
hypersensitivity and conditioning to repeated stimuli limits
the number of potential QST values.”*?*?® Quantitative
sensory testing is time-consuming, requiring a mean (SD)
of 33 (9) min for each assessment in our study. Finally, the
applied method of limits should be a reaction-time
inclusive  method, thereby resulting in  higher
physiological ~ detection thresholds.””  Reaction-time
exclusive methods, such as the method of levels, are
even more time-consuming (extending the duration of
testing up to 60-80 min per patient), excluding their
application in clinical research projects.”’

As an alternative to thermal QST protocols, the
Neurometer®, a current perception threshold (CPT®)
device, applies electric current perception thresholds to

assess nerve function after LA administration;>%>’
however, this option exhibits less reliability and
considerably more variability than thermal QST.

Furthermore, patients detect thermal stimuli more easily
than CPT stimuli.***' Finally, this method is only a semi-
objective test in that it requires subjective feedback from
patients regarding the detection of electrical stimulation.
This study has several limitations. The intervals between
the QST episodes were several hours in length, which may
have resulted in missing subtle differences in the onset and
resolution of the block. Because full patient cooperation
and attention are necessary for adequate responses to the
stimuli, we based the measurement time points in our
patient population on full recovery of cognitive function
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after general anesthesia and avoided measurement time
points during normal sleep. This requirement prohibited the
application of QST during the perioperative period and at
night. In the present study, we tested long-acting LA
solutions with recovery of the block during the night. This
approach allowed us to compare the different graphs and
the time to rescue medication. The practical limitations
described above as well as the possible development of
hypersensitivity and conditioning by repeated thermal
stimuli limited the potential number of QST values for an
assessed patient, %2

This study shows that reducing the volumes of LA, a
current practice in US-ISB, results in a more selective
block. The intensity of the block is optimal at C5 when we
inject the LA solution around the C5 root, as for shoulder
surgery, but the intensity decreases when measured at the
adjacent roots. Future studies should address the potential
for a reduction in LA volume and block duration without a
reduction in analgesia and patient comfort.

In conclusion, the use of QST enabled a comparison of
the onset, intensity, and duration of LA block among
clinically applied anesthetic drugs. Furthermore, this study
highlights the importance of the site of injection on the
intensity of sensory block. These objective measures may
assist future clinical research, but routine clinical use in the
perioperative period awaits the development of less time-
consuming assessment protocols.
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