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Abstract
Introduction: Stratification of patients according to the individual sensory phenotype has been suggested a promising method to
identify responders for pain treatment. However, many state-of-the-art sensory testing procedures are expensive or time-consuming.
Objectives: Therefore, this study aimed to present a selection of easy-to-use bedside devices.
Methods: In total, 73 patients (39 m/34 f) and 20 controls (11 m/9 f) received a standardized laboratory quantitative sensory testing
(QST) and a bedside-QST. In addition, 50 patients were tested by a group of nonexperienced investigators to address the impact of
training. The sensitivity, specificity, and receiver-operating characteristics were analyzed for each bedside-QST parameter as
compared to laboratory QST. Furthermore, the patients’ individual sensory phenotype (ie, cluster) was determined using laboratory
QST, to select bedside-QST parameters most indicative for a correct cluster allocation.
Results: The bedside-QST parameters “loss of cold perception to 22˚Cmetal,” “hypersensitivity towards 45˚Cmetal,” “loss of tactile
perception to Q-tip and 0.7mmCMS hair,” as well as “the allodynia sum score” indicated good sensitivity and specificity (ie, ≳70%).
Results of interrater variability indicated that training is necessary for individual parameters (ie, CMS0.7). For the cluster assessment,
the respective bedside quantitative sensory testing (QST) parameter combination indicated the following agreements as compared
to laboratory QST stratification: excellent for “sensory loss” (area under the curve [AUC] 5 0.91), good for “thermal hyperalgesia”
(AUC 5 0.83), and fair for “mechanical hyperalgesia” (AUC 5 0.75).
Conclusion: This study presents a selection of bedside parameters to identify the individual sensory phenotype as cost and time
efficient as possible.
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1. Introduction

In the past, many clinical trials have failed to show analgesic efficacy,
despite encouraging results in preclinical and early clinical stud-
ies.2,13,15Historically, neuropathic pain has been treatedbased on the
underlying etiology, while more recently, mechanism-related therapy
concepts were suggested as promising alternatives. Therefore,
including a stratification approach is considered a valid option to
account for these different analgesic efficacy outcomes. A laboratory-
basedQST,usingastandardized test protocol (ie, theDFNSprotocol),
may be such a stratification tool.11 Thereby, the somatosensory
function of skin and deep somatosensory afferents can be assessed.
A recent multicenter study identified 3 sensory phenotypes by
a hypothesis-free cluster analysis,1 indicating loss of small and large
fibers (cluster 1 5 “sensory loss”), preserved sensory function and
thermal hyperalgesia (cluster 2 5 “thermal hyperalgesia”), and small
fiber loss with mechanical hyperalgesia (cluster 3 5 “mechanical
hyperalgesia”). In fact, these clusters presented similar patterns to
those induced by neuropathic surrogate models in healthy volun-
teers.17 The exact stratification algorithm was not applied in clinical
trials, yet but responders of recent studies can be tentatively assigned
to each cluster: the sodium channel blocker oxcarbazepine showed
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significant pain relief in a subgroup of patients with an irritable
nociceptor phenotype (cluster 2), whereas in the remaining group,
there was no effect.6 Another study indirectly hypothesized that
patients with sensory loss (cluster 1) had good response to opioids.7

Interestingly, patients with degenerated nociceptors and mechanical
allodynia (cluster 3) responded better to topical lidocaine than patients
with preserved nociceptors and mechanical allodynia.20 By contrast,
a study indicated that irritablenociceptorphenotypes (clusters2and3)
do not predict lidocaine treatment effect as hypothesized.5 Another
study investigating the response to pregabalin in chemotherapy-
induced peripheral neuropathy did not detect increased mechanical
sensitivity (cluster 3) as predictor for treatment response.8 Thereby,
treatment effects identified with regard to the sensory phenotype are
not entirely understood yet and need to be interpreted with caution.

Still, the European Medicines Agency acknowledged sensory
profiling and subgrouping as an adequate stratification tool to
determine specific sensory phenotypes in exploratory trials on
neuropathic pain. However, an entire sensory testing protocol is
time-consuming; some equipment is expensive and thorough
training necessary. To provide a feasible and economically
reasonable stratification tool that can be easily applied in clinical
routine, it is essential to develop stringent time-saving test
protocols, which are comparable with quantitative sensory
testing, ie, an easy-to-use bedside-QST.

Ideally, these protocols distinguish abnormal from physiolog-
ical sensory parameters with reasonable accuracy in an
appropriate time frame, using inexpensive QST equipment.
Further on, this bedside test should be practicable for unexper-
ienced study personal after brief training sessions.

Therefore, themain aim of this study was to compare the results
of a standardized easy-to-use bedside assessment battery (ie,
bedside-QST) with a standardized laboratory-based QST (ie,
laboratory-based quantitative sensory testing [lab-QST]) to select
the best parameters for a bedside-QST stratification tool.

2. Methods

2.1. Patients and healthy controls

Seventy-three patients with different neuropathic pain etiologies and
20 healthy controls were included in the study (Table 1). Laboratory
and bedside-QST measurements were performed at the affected
area (ie, area of maximum pain/sensory loss) and a control area
(contralateral site in unilateral diseases or closest nonaffected area in
bilateral diseases). The aimwas to include patients with sensory loss
and gain of function within different pain etiologies (ie, polyneurop-
athy, complex regional pain syndrome, postherpetic neuralgia,
chronic inflammatory demyelinating polyneuropathy, radiculopathy,
Guillain–Barré syndrome, peripheral nerve injury, central pain after
thalamic stroke, cold hypoesthesia of unknown origin, and un-
specified sensory deficits). The distribution and number of different
neuropathic etiologies is displayed in Table 1.

The inclusion criteria were (1) patients needed to understand
the procedure and (2) patients had to be older than 18 years.
There were no exclusion criteria regarding medication intake or
specific other diseases because the investigation focused on the
comparison of lab-QST vs bedside-QST.

2.2. Laboratory-based Quantitative Sensory Testing

The lab-QSTprotocol establishedby theGermanResearchNetwork
onNeuropathic Pain (DFNS) includes 13 parameters, assessed by 7
different test devices.9–11 The mechanical detection threshold
(Optihair2-Set; Marstock Nervtest, Heidelberg, Germany) and

vibration detection threshold (VDT) (neurological tuning fork [64
Hz] represents A-beta fiber integrity). The cold detection threshold
and mechanical pain threshold assess function of different A-delta
fiber subtypes. The capacity of different C-fiber subtypes is
assessed through the cold pain threshold, the warm detection
threshold, and the heat pain threshold. Further on, paradoxical heat
sensations are evaluated within the thermal sensory limen; both
parameters are characterized by C- and A-delta fiber integrity. All
thermal testing was applied through the Medoc TSA II system with
a 1˚C/s ramp (0–50˚C) applied (Medoc Advance Medical System,
Ramat Yishai, Israel). The pressure pain threshold (FDN200;
Wagner Instruments, Greenwich, CT) assessed deep somatosen-
sory function. The mechanical pain sensitivity, the dynamic
mechanical allodynia (DMA) (QST brush), and wind-up ratio
[WUR] represent parameters of central sensitization. The mechan-
ical pain threshold, WUR, and MPS parameters were assessed
using Pinprick stimuli (MRC Systems GmbH, Heidelberg, Ger-
many). Theparameterswere transformed into z-values todetermine
a loss or gain of sensory function and control for localization, age-
and gender-specific sensory changes.9 All parameters exceeding
the z-value of 11.96 indicate a gain of function, whereas
parameters below 21.96 indicate a loss of function.

Table 1

Patient characterization.

age 64.9 6 15.3 (19–90)

Sex m 5 39 (53.4%)
f 5 34 (46.6%)

Pain intensities (NRS-3) Mean pain intensity 5 1.3 6 2.0 (0–7)
Maximum pain intensity 5 3.5 6 3.5
(0–10)
Minimum pain intensity 5 1.2 6 1.6
(0–7)

Diagnosis PNP 5 45 (61.6%)
CRPS 5 6 (8.2%)
Postherpetic neuralgia 5 6 (8.2%)
CIDP 5 3 (4.1%)
Radiculopathy 5 3 (4.1%)
GBS 5 2 (2.7%)
Peripheral nerve injury 5 2 (2.7%)
Cold hypoesthesia of unknown origin5 1
(1.4%)
Central pain (thalamic ischemia) 5 1
(1.4%)
Unspecified sensory deficits 5 4 (5.5%)

Test side Hand 5 6 (8.2)
Foot 5 62 (84.9%)
Thigh 5 2 (1.4%)
Back 5 3 (4.1%)

Control side Hand 5 8 (11%)
Foot 5 8 (11%)
Thigh 5 45 (61.6%)
Back 5 12 (16.4%)

Comparison between test
and control side

Ipsilateral 5 10 (14%)
Contralateral 5 63 (86%)

Sequence of test instructors
(trained/untrained)

1st trained, 2nd untrained 5 23 (46%)
1st untrained, 2nd trained 5 27 (54%)

Duration of bedside test
trained tester (min) n 5 73

18.1 6 4.4 (12–30) for 2 body sites

Duration of bedside test untrained
tester (min) n 5 50

30.0 6 4.6 (22–40) for 2 body sites

Displayed are patient characteristics of 73 patients, including: age, sex, pain intensities (NRS-3, pain during

the last 3 days before visit: 0 5 no pain, 10 5 worst imaginable pain), diagnosis, test/control area

distribution, testing sequence of trained/untrained test instructors, and the duration for the bedside test,

respectively, the training status. Missing data were not imputed.

; CIDP, chronic inflammatory demyelinating polyneuropathy; CRPS, complex regional pain syndromeGBS,

Guillain–Barré syndrome; NRS, numeric rating scale; PNP, polyneuropathy.
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2.3. Bedside Quantitative Sensory Testing

In total, 13 simple sensory bedside stimuli were tested. For each
stimulus, the patient received a standardized instruction.
Thereafter, the patients and healthy volunteers had to rate and
quantify the sensations as described below. The patients were
instructed to rate a stimulus as painful as soon as an additional
impression such as stinging, drilling, burning, or aching occurred.
The bedside-QST includes the equipment as shown in Figure 1.

2.3.1. Thermal nonpainful and painful perception

The thermal detection and pain perception were tested using
metal (iron) pieces measuring 3 cm2, equalling the size of the lab-
QST thermode. The subjects were instructed to rate: (1) if the
stimulus is painful (ie, yes/no), and if painful, the pain intensity on
a numeric rating scale (NRS) (ie, NRS-11, 0 5 no pain, 10 5
worse imaginable pain); (2) the quality of the stimulus (ie,
perceived/not perceived, if perceived: cold/warm), and if
perceived, the intensity of the stimulus on a NRS (ie, NRS-11,
0 5 no perception, 10 5 strongest imaginable perception).

For the cold detection, ametal piecewith 22˚C room temperature
and, for the cold pain detection, a metal piece with 8˚C (stored in the
fridge) were applied for 3 seconds. For warm and heat pain
detection, metal pieces were heated with a milk heater (“Babycare,”
Breuer GmbH, Ulm, Germany) to 37˚C and 45˚C, respectively. All
metal pieces were applied to the skin for 3 seconds.

2.3.2. Touch sensation

The dynamic mechanical detection sensitivity was assessed at
control and test area by a Q-tip stroke (5-cm length, 13). The
subjects had to indicate (1) the intensity of the perception at test
area as compared to the control area on a scale from 0 to 20,
where 10 was defined as the intensity of the control area (ie,,10
5 less intensity at affected area as compared to control; .10 5
stronger intensity at affected area as compared to control).

Two additional tests for static mechanical detection were
performed: a bedside 0.4-mm CMS (Chicago Medical Supply,
LLC, Northbrook, IL) and a 64-mN Fruhstorfer von Frey hair
(Optihair2-Set; Marstock Nervtest) were applied 3 times in the
control area and the affected skin. It was documented whether (1)
the stimulus was perceived at least 2 times (ie, yes/no), and (2)
subjects had to compare if the stimulus was more intense in the
affected or control area, or if there was no difference (ie, 0 5 same
intensity in control and test area, 15 control areamore intense, and
2 5 test area more intense).

2.3.3. Mechanical pain sensitivity

To test for pinprick hyperalgesia and hypoalgesia, a 0.7-mmCMS
hair (ie, bedside pinprick) (CMS, Chicago Medical Supply, LLC)
was applied to the affected skin and the control area. (1) subjects
had to indicate whether the stimulus was perceived as blunt
touch or as a pinprick. (2) if the stimulus was perceived as
a pinprick, subjects had to rate the pain intensity on the NRS-11
scale (0 5 no pain, 10 5 worse imaginable pain).

2.3.4. Wind up

In order to assess temporal pain summation, the 0.7 mm hair (ie,
bedside pinprick) was applied once followed by a series of 10
applicationswitha frequencyof1/s.Subjectswere instructed to rate the
pain intensity, induced by the single stimulus and the last stimuli of the
series on theNRS-11 scale (05 no pain, 105worse imaginable pain).

2.3.5. Dynamic mechanical allodynia

To test for DMA, subjects were touched by a brush, a Q-tip and
a cotton wisp in the affected and control area. The devices were
applied 4 times each, drawing a cross with 2 strokes (length 5 cm)
from each direction with a 90˚C angle. For each stimulus (brush/
Q-tip/cotton wisp), subjects had to indicate (1) if the stimulus was
perceived as painful (yes/no) as well as (2) the pain intensity on the
NRS-11 (0 5 no pain, 10 5 worse imaginable pain).

2.3.6. Pressure pain sensitivity

A bedside algometer consisting of a 10-mL syringe sealed with a plug
and felt (contact area 1 cm2) was placed above a muscle to evaluate
deep somatosensory pressure pain. (1) the syringe was compressed
up to 4 mL and subjects had to indicate, whether this compression
waspainful on theNRS-11 (05nopain, 105worse imaginable pain).
(2) thesyringewasslowlycompressedwith1mL/sandsubjectshad to
indicatewhen the pressurewasperceived aspainful (ie, pain threshold
was determined by the milliliter of compressed air in the syringe).

2.3.7. Vibration detection

The VDTwas performedwith a standardized tuning fork (c 128 Hz/
C 64Hz, 8-point scale), placed over a bony prominence in the area
of the affected skin and control area. The patients had to indicate
when the vibration stimulus was vanished (0 5 no vibration
stimulus perception, 8 5 best possible vibration detection).

2.4. Influence of standardized training sessions on the quality
of sensory bedside quantitative sensory testing

According to the DFNS, a standardized test procedure with
systematic instructions for the test subject in combination with
systematic training sessions is necessary to guarantee reliable lab-
QST results.16,19 To address the impact of training, 50 patients were

Figure 1. Bedside-QST devices. Displayed are the devices used for bedside-
QST. (1) 3-cm2metal piece, (2) Q-tip, (3) cotton wisp, (4) brush, (5) tuning fork c
128/C 64Hz, (6) von Frey hair 64mN, (7) 0.7-mm/0.4-mmCMShair, (8) 10-mL
syringe. QST, quantitative sensory testing.
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tested by 2 groups of investigators: (1) an experienced, well trained
member of the pain research group performed the tests and (2)
a group of non-experienced medical students performed the tests
after having received only a brief written introduction.

2.5. Dichotomous discrimination of sensory perceptions

Subjects were asked whether they can feel the different painful or
nonpainful sensationselicitedby thebedside-QSTstimulusorwhether
they did not perceive a perception (cold, warmth, cold pain, heat pain,
touch, and pinprick). They were further instructed to answer with yes
or no. These results were comparedwith the respective dichotomous
lab-QST results (abnormal and normal) according to the DFNS.11

2.6. Statistical analysis

2.6.1. Sensitivity and specificity

For calculation of sensitivity and specificity, the results of
dichotomous bedside-QST parameters (painful or perception
[Yes/No]) were compared with the respective dichotomous lab-
QST results (abnormal/normal) according to the DFNS database
of normative values. To achieve a sufficient statistical power, both
patients and healthy controls were analyzed together.

2.6.2. Correlation and receiver-operating characteristics of
bedside quantitative sensory testing vs laboratory
quantitative sensory testing

For the correlation analysis, the interval-scaled bedside-QST
values of the intensity ratings (ie, NRS-11) were compared with
the corresponding perception thresholds in lab-QST parameters
using Spearman correlation coefficients. The ROCs calculation
included the intensity ratings/thresholds of the interval-scaled
bedside-QST parameter and the respective dichotomous lab-
QST results (abnormal/normal). The quality of each parameter
was evaluated by the corresponding area under the curve (AUC),
according to the following grading system: 100-90 excellent, 90-
80 good, 80-70 fair, 70-60 poor, and 60-50 fail.12

2.6.3. Impact of training on the accuracy of bedside testing

To address the impact of training, 50 patients were examined by
unexperienced and experienced investigators. The assessment
of interrater variability comprised the calculation of the squared
weighted kappa between trained and untrained investigators with
a SPSS extension bundle (STATS WEIGHTED KAPPA.spe). In
addition, the correlation coefficients (Spearman Rho) between
bedside-QST and lab-QST for the trained and untrained
investigators as well as the correlation between trained and
untrained investigators were calculated.

2.6.4. Cluster analysis of laboratory quantitative sensory
testing parameters and selection of bedside quantitative
sensory testing parameters

A cluster analysis of lab-QST parameters was performed to
assign each patient to the respective sensory phenotype (ie,
sensory loss/thermal hyperalgesia/mechanical hyperalgesia).18

In addition, ROC curves were calculated to evaluate the
discriminatory power (ie, (1) Cluster 1 vs 2/3, (2) Cluster 2 vs 1/
3, (3) Cluster 3 vs 1/2), for each bedside-QST parameter. To
select the most indicative bedside-QST parameter combination
for each cluster, the selection criterion for the individual bedside-
QST parameter was determined by the AUC ($0.70). The
calculation of a bedside score for each bedside cluster solution

included the transformation of the ordinal values into dichoto-
mous values according to the respective cutoff values, as
determined by the ROCs (ie, cutoff (x): [(50) , x , (51)]).

Statistical analysis was performed with SPSS (V. 23, IBM).

3. Results

3.1. Patients and healthy controls

In total, 93 participants were included, ie, 20 controls (mean [6
SD] age: 66.9 [6 11.2], 11 m/9 f) and 73 patients (64.9 [6 15.3],
39 m/34 f). There was no difference in age between controls and
patients (P. 0.5). The epidemiological data of the patient cohort
are shown in Table 1.

3.2. Laboratory quantitative sensory testing in patients

The parameters assessed through lab-QST were sorted to the
respective sensory function (ie, loss/gain of function) according to
the normative data sets of the DFNS (Fig. 2A). Patients presented
thermal and mechanical hypoesthesia more frequently as well as

Figure 2. Lab-QST in patients. (A) Displayed are the frequencies (%) of abnormal
values as compared to normative DFNS data. Patients showed more frequent
thermal (CDT, WDT, and TSL) and mechanical (MDT) hypoesthesia as well as
increased VDTs and decreased sensitivity to heat (HPT) and pinprick stimuli (MPS)
as well as more frequent dynamic mechanical allodynia and paradoxical heat
sensations. Furthermore, an increased sensitivity to pinprick stimuli (MPS) aswell as
paradoxical heat sensations were more frequent. (B) Displayed is the somatosen-
soryprofile of 73patients. Thedottedgray line represents61.96SDs from themean
of corresponding normative values of the age-, sex- and location-matched DFNS
database.All z-values,1.96 represent a lossof function, all z-values.1.96 indicate
a gain of function. CDT, cold detection threshold; CPT, cold pain threshold; DMA,
dynamic mechanical allodynia; HPT, heat pain threshold; lab-QST, laboratory
quantitative sensory testing; MDT, mechanical detection threshold; MPT, mechan-
ical pain threshold; MPS, mechanical pain sensitivity; PHS, paradoxical heat
sensation; PPT, pain pressure threshold; TSL, thermal sensory limen; VDT, vibration
detection threshold; WUR, wind-up ratio; WDT, warm detection threshold.
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increased VDTs and decreased sensitivity to heat and pinprick
stimuli. Dynamic mechanical allodynia and paradoxical heat
sensations were found more frequently as well as an increased
sensitivity to pinprick stimuli. Notably, positive signs such as heat
hyperalgesia and cold hyperalgesia were rare. In addition, the
sensory profile of the entire patient group is shown in Figure 2B.

3.3. Bedside quantitative sensory testing in patients and
healthy controls

A descriptive analysis of all bedside-QST parameters in patients and
healthy controls was conducted (ie, ordinal/dichotomous) (Table 2).

3.4. Sensitivity and specificity of bedside quantitative
sensory testing parameters compared with laboratory
quantitative sensory testing

The following bedside-QST parameters (Table 3) indicated good
discrimination values (ie, sensitivity and specificity ≳70%): Loss of
cold perception to 22 ˚C metal, hypersensitivity towards 45 ˚C
metal, loss of tactile perception to Q-tip and loss of pain perception
to 0.7mm CMS hair as well as DMA by Q-tip, brush and cotton
wisp (ie, allodynia sum score). However, the sensitivity and
specificity of parameters assessing gain of function towards cold
pain (ie, cold hyperalgesia) has tobe interpretedwith caution due to
the fact that only 3 patients suffered from cold hyperalgesia.

3.5. Receiver-operating characteristics

The ROCs identified cutoff values for pathological values as well
as the corresponding sensitivity and specificity for each bedside-
QST parameter. This approach enables the identification of
hypoalgesia or hyperalgesia for the respective stimulus. The
bedside-QST parameters indicated poor to excellent agreements
as compared to gold standard lab-QST parameters (Table 4).

3.6. Impact of training on the accuracy of bedside testing

To address the impact of training, 50 patients were examined by
trained and untrained investigators. The results indicate that the
bedside parameters assessed by the trained investigators do

have better correlations with QST parameters. The parameter
after allodynia sensation indicated a weak correlation between
QST and bedside parameters. In the untrained investigators
group, no correlation between QST and bedside parameters
were found in the parameters metal 37˚C, allodynia sum score,
pressure threshold, and pressure at 4 mL, indicating that training
might improve these parameters. The low interrater variability
(kappa: 0.161) as well as no correlation between the trained and
untrained data of the CMS 0.7-mm parameter suggests that
training is crucial to improve its performance (Table 5).

3.7. Selection of bedside quantitative sensory testing
parameters indicative for the sensory phenotype

The 3-cluster solution approach assigned patients to the sensory
loss cluster (n5 34, [47%]), the thermal hyperalgesia cluster (n5
14, [19%]), and the mechanical hyperalgesia cluster (n 5 25,
[34%]) (Fig. 3).1 In addition, ROCs were calculated to select
a combination of bedside-QST parameters most indicative for
each lab-QST cluster (Table 1S in the supplementary material,
available at http://links.lww.com/PR9/A63). For the “sensory
loss” cluster 1, the combination of parameters 08˚ metal
perception intensity, Q-tip perception intensity, WUR single pain

intensity, and vibration threshold revealed an excellent agreement
(AUC 0.91). For the “thermal hyperalgesia” cluster 2, the
combination of parameters 08˚ metal perception intensity and
vibration threshold revealed a good agreement (AUC 0.83). For
the “mechanical hyperalgesia” cluster 3, the combination of
parameters Q-tip perception intensity,WUR single pain intensity,
and WUR series pain intensity revealed a fair agreement (AUC
0.75) (Fig. 4). To calculate a score for each bedside cluster, the
ROC cutoffs of each bedside-QST parameter were used to
determine the likelihood for the cluster affiliation (eg, if the
parameter indicated a positive cluster affiliation, the parameter
scored 1, if not the parameter scored 0).

Finally, the sensitivities and specificities of the bedside-QST
cluster stratifications as compared to the lab-QST were
calculated (Table 6).

The following equations were invented to calculate a score for
each bedside cluster:

Cluster 1:

Cluster 2:

Cluster 3:

Var  11Var  21Var  31Var4

nVar
¼ ð ½08˚ metal  percep  int�1 ½Q2 tip  percep  int�1 ½WUR  single  pain  int�1 ½vibration  threshold� Þ

4
¼ sensory  loss$ 0:292:

Var  11Var  2

nVar
¼ ð½08˚ metal  percep  int�1 ½vibration  threshold�Þ

2
¼ thermal  hyperalgesia$ 0:750:

Var  11Var  21Var  3

nVar
¼ ½Q2 tip  percep  int�1 ½WUR  single  pain   int�1 ½WUR  series  pain  int�

3
¼ mechanical  hyperalgesia$ 0:583:
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Table 2

Descriptive analysis of bedside-QST parameters.

Bedside-QST
Thermal parameters

n Min Max Mean (6 SD) LCI and UCI of 95% CI Detection rate (%)

Metal 22˚C
Perception intensity

Patients 72 0 8 1.7 (6 1.9) 1.1 to 2.2. 58
Healthies 20 0 8 2.9 (6 2.3) 1.3 to 4.5 90

Metal 22˚C*
Paradoxic heat sensation

Patients 72 — — — — 13
Healthies 20 — — — — 0

Metal 8˚C
Perception intensity

Patients 72 0 9 2.5 (6 2.3) 1.9 to 3.2 71
Healthies 20 2 10 4.8 (6 2.5) 2.9 to 6.6 100

Metal 8˚C*
Paradoxic heat sensation

Patients 72 — — — — 13
Healthies 20 — — — — 0

Metal 37˚C
Perception intensity

Patients 72 0 7 1.7 (6 1.9) 1.5 to 4.2 63
Healthies 20 0 6 2.9 (6 1.9) 1.2 to 2.3. 85

Metal 45˚C
Perception intensity

Patients 70 0 9 3.3 (6 2.8) 2.5 to 4.1 80
Healthies 20 0 9 4.8 (6 2.6) 2.9 to 6.7 95

Metal 22˚C
Pain intensity

Patients 66 0 5 0.1 (6 0.8) 20.1 to 0.4 3
Healthies 20 0 0 0.0 (6 0.0) 0.0 to 0.0 0

Metal 08˚C
Pain intensity

Patients 65 0 8 0.5 (6 1.6) 0.0 to 0.9 11
Healthies 20 0 2 0.1 (6 0.5) 20.2 to 0.4 5

Metal 37˚C
Pain intensity

Patients 72 0 10 0.6 (6 1.9) 0.1 to 1.1 13
Healthies 20 0 0 0.0 (6 0.0) 0.0 to 0.0 0

Metal 45˚C
Pain intensity

Patients 71 0 9 1.0 (6 2.1) 0.4 to 1.6 27
Healthies 20 0 4 0.4 (6 1.1) 20.3 to 1.1 15

Bedside-QST
Mechanical parameters

n Min Max Mean (6 SD) LCI and UCI of 95% CI Detection rate (%)

Q-tip
Perception intensity

Patients 68 0 20 7.8 (6 5.1) 6.4 to 9.2 87
Healthies 20 2 15 10.2 (6 2.5) 8.4 to 11.9 100

CMS 0.4 mm*
Perception intensity

Patients 69 — — — — 68
Healthies 20 — — — — 100

von Frey hair 64 mN*
Perception intensity

Patients 69 — — — — 70
Healthies 20 — — — — 100

CMS 0.7 mm
Pain intensity

Patients 70 0 10 2.2 (6 2.7) 1.4 to 2.9 60
Healthies 20 0 8 3.0 (6 2.1) 1.4 to 4.5 90

Cotton wool
Pain intensity

Patients 67 0 9 0.7 (6 1.9) 0.2 to 1.3 22
Healthies 20 0 0 0.0 (6 0.0) 0.0 to 0.0 0

Q-tip
Pain intensity

Patients 67 0 10 0.7 (6 1.9) 0.2 to 1.3 21
Healthies 20 0 0 0.0 (6 0.0) 0.0 to 0.0 0

Brush
Pain intensity

Patients 67 0 8 0.5 (6 1.5) 0.1 to 1.0 16
Healthies 20 0 0 0.0 (6 0.0) 0.0 to 0.0 0

Allodynia sum score
Pain intensity

Patients 67 0 25 2.0 (6 5.0) 0.6 to 3.5 28
Healthies 20 0 0 0.0 (6 0.0) 0.0 to 0.0 0

Postallodynia sensation
Pain intensity

Patients 67 0 8 0.7 (6 1.6) 0.3 to 1.2 24
Healthies 20 0 4 0.2 (6 0.9) 20.4 to 0.8 5

WUR single stimulus
Pain intensity

Patients 64 0 2 0.0 (6 0.3) 20.0 to 0.1 70
Healthies 20 1 10 3.6 (6 2.0) 2.2 to 5.0 100

WUR series stimuli
Pain intensity

Patients 63 0 10 2.3 (6 2.5) 1.6 to 3.1 70
Healthies 20 2 10 5.5 (6 2.1) 3.9 to 7.0 100

WUR ratio
(Series/single stimulus)

Patients 56 0 9 1.6 (6 1.6) 1.1 to 2.1 80
Healthies 20 0.8 3 1.7 (6 0.7) 1.2 to 2.3 100

Vibration
Vibration detection threshold

Patients 68 0 8 4.3 (6 2.6) 3.6 to 5.1 84
Healthies 20 4 8 6.3 (6 1.3) 5.4 to 7.2 100

Pressure algometer at 4 mL
Pain intensity

Patients 70 0 10 2.4 (6 2.8) 1.6 to 3.2 53
Healthies 20 0 7 2.3 (6 2.7) 0.4 to 4.2 55

Pressure algometer
Pain pressure threshold

Patients 69 0 9.8 4.4 (6 2.2) 3.7 to 5.0 96
Healthies 20 1.8 7.2 4.1 (6 1.5) 3.0 to 5.1 100

Displayed values include parameters of the most affected area in patients and the corresponding test area in healthy volunteers.

Displayed are the number of data sets (n), the minimum (Min) and maximum (Max) ratings, the mean and corresponding SD (5mean [6 SD]), the lower and upper bound of the 95% confidence interval (LCI and UCI of 95% CI)

and the percentage of perceived/painful stimuli (Detection rate [%]).

For ordinal scaled parameters, the pain and perception ratings were indicated on a NRS-11 scale (05 no pain/no perception, 105worse imaginable pain/most intense). Only the Q-tip perception intensity was rated on a 0 to 20 scale,

where values,10 indicated less intensity in the affected area as compared to the control area and values.10 indicated a gain of intensity in the affected area as compared to the control area. The items, pressure pain threshold, and

vibration detection threshold were assessed on continuous scales. For all dichotomous scaled parameters, only the number of data sets and the detection rate (ie, stimulus perceived/painful [Yes/No]) are displayed.

* Parameters only assessed dichotomously.

NRS, numeric rating scale; QST, quantitative sensory testing; WUR, wind-up ratio.
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Table 3

Sensitivity and specificity of bedside-QST parameters.

Lab-QST (normal/
pathological)

Bedside-QST sensation perceived
(yes/no)

Positive predictive
value %

Negative predictive
value %

Sensitivity
%

Specificity
%

Accuracy
%

zCDT
Pathological: , -1.96 z

22˚C metal
Perception (cold hypoesthesia)

81.3 80.0 68.4 88.9 80.4

zCDT
Pathological: , 21.96 z

08˚C metal
Perception (cold hypoesthesia)

85.7 71.8 47.4 94.4 75.0

zWDT
Pathological: , 21.96 z

37˚C metal
Perception (warm hypoesthesia)

33.3 78.7 43.5 70.6 63.7

zWDT
Pathological: , 21.96 z

45˚C metal
Perception (warm hypoesthesia)

33.3 77.0 22.7 85.1 69.7

PHS
Pathological: . 1 PHS

PHS 22˚C metal
Perception (PHS)

33.3 78.3 14.3 91.5 73.9

PHS
Pathological: . 1 PHS

PHS 08˚C metal
Perception (PHS)

33.3 78.3 14.3 91.5 73.9

zCPT
Pathological: . 0˚C

22˚C metal “loss”
Pain (cold hypoalgesia)

40.5 50.0 97.1 2.0 40.7

zCPT
Pathological: . 11.96 z

22˚C metal “gain”
Pain (cold hyperalgesia)

0.0 96.4 0.0 97.6 94.2

zCPT
Pathological: . 0˚C

08˚C metal “loss”
Pain (cold hypoalgesia)

40.3 62.5 91.2 9.8 42.4

zCPT
Pathological: . 11.96 z

08˚C metal “gain”
Pain (cold hyperalgesia)

0.0 96.1 0.0 90.2 87.1

zHPT
Pathological: , 21.96 z

37˚C metal “loss”
Pain (heat hypoalgesia)

30.1 55.6 86.2 7.9 32.6

zHPT
Pathological: . 11.96 z

37˚C metal “gain”
Pain (heat hyperalgesia)

33.3 95.2 42.9 92.9 89.1

zHPT
Pathological: , 21.96 z

45˚C metal “loss”
Pain (heat hypoalgesia)

37.7 86.4 89.7 30.6 49.5

zHPT
Pathological: . 11.96 z

45˚C metal “gain”
Pain (heat hyperalgesia)

22.7 97.1 71.4 79.8 79.1

zMDT
Pathological: , 21.96 z

Q-tip
Perception (mechanical hypoesthesia)

72.5 79.2 74.4 77.6 76.1

zMDT
Pathological: , 21.96 z

0.4-mm CMS
Perception (mechanical hypoesthesia)

100 73.1 55.0 100 79.8

zMDT
Pathological: , 21.96 z

64 mN
Perception (mechanical hypoesthesia)

100 72.1 52.5 100 78.7

zMPS
Pathological: , 21.96 z

0.7-mm CMS “loss”
Pain (mechanical hypoalgesia)

100 98.3 75.0 68.2 68.5

zMPS
Pathological: . 11.96 z

0.7-mm CMS “gain”
Pain (mechanical hyperalgesia)

20.3 90.0 80.0 36.5 43.8

zMPT
Pathological: , 21.96 z

0.7-mm CMS “loss”
Pain (mechanical hypoalgesia)

36.7 94.9 78.6 74.7 75.3

zMPT
Pathological: . 11.96 z

0.7-mm CMS “gain”
Pain (mechanical hyperalgesia)

30.5 90.0 85.7 39.7 50.6

zWUR
Pathological: , 21.96 z

WUR ratio “loss”
Pain (central sensitization)

0.0 100 — 82.9 82.9

zWUR
Pathological: . 11.96 z

WUR ratio “gain”
Pain (central sensitization)

2.1 91.3 33.3 31.3 31.4

DMA
Pathological: . 0.1 z

Postallodynia sensation
Pain

58.8 90.0 58.8 90.0 83.9

DMA
Pathological: . 0.1 z

Allodynia sum score
Pain (dynamic mechanical allodynia)

73.7 95.6 82.4 92.9 90.8

PPT
Pathological: , 21.96 z

Pressure algometer at 4-mL “loss”
Pain (deep somatosensory hypoalgesia)

0.0 100 — 52.8 52.8

PPT
Pathological: , 21.96 z

Pressure algometer at 4-mL “gain”
Pain (deep somatosensory hyperalgesia)

25.5 92.9 80.0 52.7 57.3

Displayed are the positive predictive value (%), the negative predictive value (%), the sensitivity (%), the specificity (%), and the accuracy (%) of each parameter. The “lab-QST” column indicates the individual z-value/˚C cutoff,

determining pathological gain or loss of function. The analysis included data sets of patients (n5 73) and healthy volunteers (n5 20). The participants had to indicate whether they feel any sensation (such as cold, warmth, cold

pain, heat pain, touch, pinprick, and pressure pain) or not. They were instructed to answer with yes or no. Bold parameters: parameters with a sensitivity and specificity $70% indicate a good discriminative value.

CDT, cold detection threshold; CPT, cold pain threshold; DMA, dynamic mechanical allodynia; HPT, heat pain threshold; lab-QST, laboratory quantitative sensory testing; MPT, mechanical pain threshold; PHS, paradoxical heat

sensation; PPT, pressure pain threshold; WDT, warm detection threshold; WUR, wind-up ratio.
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4. Discussion

4.1. The pros and cons of bedside quantitative
sensory testing

Recently, attempts have been made to develop bedside test
devices most indicative for lab-QST parameters,4,21 without
touching upon the demand for a bedside-QST cluster stratifica-
tion. Both studies used correlation approaches in combination
with a standard laboratory-basedQST to identify themost reliable
sensory testing parameters. However, some issues such as the
training status of unexperienced study personal in clinical trials
were neglected. Another important difference between the
presented bedside-QST protocols and the lab-QST protocol,
which should be taken into account, is the suprathreshold
stimulus response assessment in most bedside-QST protocols
(exception: vibration and pressure threshold). The lab-QST
assesses the individual perception threshold at which the
stimulus is perceived first. However, it is not clear whether the
stimulus-response kinetic is similar for subthreshold and supra-
threshold stimuli. Furthermore, the fact that a bedside devicemay
indicate only a weak correlation with the lab-QST but still may be
reliable to identify a sensory phenotype should be noted. Another
general issue of sensory testing is the assessment of spontane-
ous pain. QST evaluates pain thresholds (ie, evoked pain) through
thermal and mechanical stimuli. The fact that both evoked and

spontaneous pain qualities can be found in neuropathic
conditions does not simplify pain assessment, and it is not
understood how evoked and spontaneous pain do correlate. An
interesting result suggested that spontaneous pain qualities such
as burning pain are the result of an hyperexcitable TRPV1 channel
that is activated below body temperature.3 This however may
point to a threshold problem rather than different underlying
mechanisms. The fact that psychophysical measures lack
objective spontaneous pain assessment methods may therefore
be a general limitation of sensory testing approaches.

This study characterized bedside-QST assessment devices,
showing several advantages as well as limitations. The study’s aim
was to test a variety of devices assessing different sensory modalities
and thereby find a corresponding bedside device for each lab-QST
parameter. Indeed, some assessment devices were able to mimic
lab-QSTparameter function very closely,whereas for others, a proper
bedside device is yet to be found. This might depend, at least in part,
on different types of measures, namely threshold vs suprathreshold
measures. Therefore, the advantage of the lab-QST protocol remains
the higher level of standardization, in the application procedure aswell
as the assessment of the stimulus response. However, despite the
fact that for bedside-QST, the range of tested sensory modalities is
usually smaller, and the stimuli are less well standardized, the testing
can be performed in significantly shorter time (ie,,5minutes for the 5
selected test parameters per test area), whereas a full lab-QST

Table 4

ROCs of bedside-QST parameters and corresponding lab-QST parameters.

Lab-QST (normal/pathological) Bedside-QST (interval scaled) AUC Cut-off Sensitivity Specificity

zCDT loss (, 21.96) 22˚C metal perception intensity 0.84 #1.5 (0–10) 0.84 0.72

zCDT loss (, 21.96) 08˚C metal perception intensity 0.85 #2.5 (0–10) 0.84 0.74

zWDT loss (, 21.96) 37˚C metal perception intensity 0.56 #2.5 (0–10) 0.62 0.35

zWDT loss (, 21.96) 45˚C metal perception intensity 0.53 #2.5 (0–10) 0.50 0.66

zCPT loss (#0˚C) 22˚C metal perception intensity 0.50 #2.0 (0–10) 0.97 0.02

zCPT gain (.1.96) 22˚C metal perception intensity 0.49 $2.0 (0–10) 0.00 0.98

zCPT loss (#0˚C) 08˚C metal perception intensity 0.51 #1.5 (0–10) 0.94 0.10

zCPT gain (.1.96) 08˚C metal perception intensity 0.45 $1.5 (0–10) 0.00 0.92

zHPT loss (,50˚C) 37˚C metal pain intensity 0.47 #1.0 (0–10) 0.86 0.08

zHPT gain (.1.96) 37˚C metal pain intensity 0.68 $2.5 (0–10) 0.43 0.94

zHPT loss (,21.96) 45˚C metal pain intensity 0.60 #0.5 (0–10) 0.90 0.31

zHPT gain (.1.96) 45˚C metal pain intensity 0.80 $1.5 (0–10) 0.71 0.86

zMDT loss (, 21.96) Q-tip perception intensity 0.80 #9.5 (0–20) 0.74 0.78

zMPS loss (, 21.96) 0.7-mm CMS pain intensity 0.78 #0.5 (0–10) 0.75 0.68

zMPS gain (.1.96) 0.7-mm CMS pain intensity 0.72 $3.5 (0–10) 0.67 0.81

zMPT loss (, 21.96) 0.7-mm CMS pain intensity 0.82 #0.5 (0–10) 0.79 0.75

zMPT gain (.1.96) 0.7-mm CMS pain intensity 0.67 $1.5 (0–10) 0.67 0.53

zDMA gain (.1.96) Postallodynia sensation pain intensity 0.75 $0.5 (0–10) 0.59 0.90

zDMA gain (.1.96) Allodynia sum score pain intensity 0.89 $0.5 (0–10) 0.82 0.93

zWUR loss (, 21.96) WUR ratio pain intensity 0.70 #0.25 (0–10) 0.67 0.90

zWUR gain (.1.96) WUR ratio pain intensity — — — —

zVDT loss (, 21.96) Vibration detection threshold 0.94 #4.75 (0–8) 0.88 0.93

zPPT loss (, 21.96) Pressure algometer at 4-mL pain intensity — — — —

zPPT gain (.1.96) Pressure algometer at 4-mL pain intensity 0.71 $4.75 (0–10) 0.80 0.74

The analysis included 73 patients and 20 healthy controls. Displayed is the AUC (area under the curve), the cutoff values (ie, indicating the pathological limit), sensitivity, and specificity. For the parameter “zWUR gain,” the

number of patients detected with zWUR.1.96 was not sufficient (ie, 2 patients). For the parameter “zPPT loss,” no patient with zPPT,21.96 was detected. Bold parameters: the bedside-QST parameters indicating the

properties (ie, AUC $ 70).

CDT, cold detection threshold; CPT, cold pain threshold; DMA, dynamic mechanical allodynia; HPT, heat pain threshold; lab-QST, laboratory quantitative sensory testing; MDT, mechanical detection threshold; MPT, mechanical

pain threshold; MPS, mechanical pain sensitivity; PPT, pressure pain threshold; receiver-operating characteristics; VDT, vibration detection threshold; WDT, warm detection threshold; WUR, wind-up ratio.
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assessment is much more time-consuming (ie, 30 minutes per
test area). Another advantage of the bedside-QST is that
expensive devices such as a thermotest device, a pinprick set,
as well as von Frey hairs are not required. Therefore, the
proposed bedside-QST battery could be implemented in clinical
settings as well as clinical trials, which so far have not used QST
for feasibility reasons. However, our results also indicate that for
specific bedside parameters, a training should be conducted to
increase validity of the testing results.

4.2. Selection of promising bedside parameters

Four approaches can be summarized to compare the properties
of an easy-to-use simple bedside-QST with the laboratory-
based QST:

1. To compare the sensitivity and specificity of dichoto-
mous questions in the bedside-QST (ie, stimulus
perceived/painful [yes/no]) to normal/abnormal lab-
QST results.

Table 5

Correlation analysis of lab-QST and bedside-QST parameters.

Bedside test parameter Correlation analysis n correlation coefficient Rho P weighted kappa

Metal 22˚C perception intensity CDT vs bedside parameter Trained 45 0.54 0.001 —
Untrained 45 0.61 ,0.001

Trained vs untrained 45 0.49 ,0.001 0.502

Metal 8˚C perception intensity CDT vs bedside parameter Trained 47 0.48 ,0.001 —
Untrained 47 0.49 0.001

Trained vs untrained 47 0.51 ,0.001 0.508

Metal 37˚C perception intensity WDT vs bedside parameter Trained 47 0.46 0.001 —
Untrained 47 0.19 0.209

Trained vs untrained 47 0.54 ,0.001 0.478

Metal 45˚C perception intensity WDT vs bedside parameter Trained 46 0.52 ,0.001 —
Untrained 46 0.45 0.002

Trained vs untrained 46 0.59 ,0.001 0.620

Metal 37˚C pain intensity HPT vs bedside parameter Trained 46 0.17 0.260 —
Untrained 46 — —

Trained vs untrained 46 — — —

Metal 45˚C pain intensity HPT vs bedside parameter Trained 48 0.32 0.025 —
Untrained 48 0.34 0.018

Trained vs untrained 48 0.17 0.237 0.390

Q-tip perception intensity MDT vs bedside parameter Trained 50 0.64 ,0.001 —
Untrained 50 0.67 ,0.001

Trained vs untrained 50 0.59 0.001 0.578

CMS 0.7-mm pain intensity MPS vs bedside parameter Trained 49 0.38 0.007 —
Untrained 49 0.32 0.027

Trained vs untrained 49 0.27 0.065 0.161

CMS 0.7-mm pain intensity MPT vs bedside parameter Trained 49 0.38 0.008 —
Untrained 49 0.39 0.005

Trained vs untrained 49 0.27 0.065 0.161

Allodynia sum score pain intensity DMA vs bedside parameter Trained 50 0.47 0.001 —
Untrained 50 0.11 0.456

Trained vs untrained 50 0.08 0.604 20.046

Postallodynia sensation pain intensity DMA vs bedside parameter Trained 49 0.11 0.470 —
Untrained 49 0.00 1.000

Trained vs untrained 49 0.16 0.277 0.063

WUR single stimulus pain intensity WUR vs bedside parameter Trained 50 0.13 0.404 —
Untrained 50 0.20 0.171

Trained vs untrained 50 0.47 0.001 0.359

WUR series stimuli pain intensity WUR vs bedside parameter Trained 49 0.10 0.517 —
Untrained 49 0.00 0.992

Trained vs untrained 49 0.57 ,0.001 0.514

Vibration detection threshold VDT vs bedside parameter Trained 50 0.90 ,0.001 —
Untrained 50 0.83 ,0.001

Trained vs untrained 50 0.77 ,0.001 0.745

Pressure algometer at 4-mL pain intensity PPT vs bedside parameter Trained 50 0.50 ,0.000 —
Untrained 50 0.24 0.097

Trained vs untrained 50 0.17 0.229 0.233

Pressure algometer pain pressure threshold PPT vs bedside parameter Trained 49 0.69 ,0.001 —
Untrained 49 0.30 0.034

Trained vs untrained 49 0.27 ,0.001 0.274

Displayed is the correlation coefficient Rho as well as the corresponding P-value of the correlation analysis (Spearman Rho) between lab-QST and bedside-QST parameters. Further on, a correlation analysis (Spearman Rho) of
each bedside-QST parameter between trained and untrained investigators was conducted. To quantify interrater variability, the squared weighted kappa was calculated.

CDT, cold detection threshold; DMA, dynamic mechanical allodynia; HPT, heat pain threshold; lab-QST, laboratory quantitative sensory testing; MDT, mechanical detection threshold; MPT, mechanical pain threshold; MPS,

mechanical pain sensitivity; PPT, pressure pain threshold; VDT, vibration detection threshold; WDT, warm detection threshold; WUR, wind-up ratio.
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2. To calculate ROCs to determine cutoff values for ordinal-
scaled bedside-QST parameter perception/pain
intensities.

3. To assess the influence of the investigator’s training status
(ie, trained/untrained) on the accuracy of the assessment
for the most promising parameters.

4. To stratify patients to the corresponding sensory lab-QST
cluster by selecting the most indicative set of bedside-QST
parameters for each sensory cluster.

To develop a short and simple-to-use sensory assessment
protocol, a selection process of the test parameters was
performed based on several considerations. (1) the bedside-
QST parameters indicating the best properties (ie, AUC: $70) in
the previous statistical analyses were selected, (2) practical
issues were evaluated (ie, only one temperature device,
parameter validity based on training status), (3) the interpretation
of parameters assessing hypersensitivity towards cold pain or
light mechanical stimuli is limited since those positive sensory
signs were not frequent in this study cohort.

Finally, based on the accuracy for sensory cluster identification,
the 5 most indicative parameters were selected and implemented
in the “Bedside Cluster Assessment” for bedside cluster stratifica-
tion (Fig. 5). However, similar to the lab-QST cluster stratification,
the resulting metric may assign the same patient to more than one
cluster. This, however, mimics the probabilistic approach of the
original lab-QST cluster analysis. Furthermore, the fact applies that
a differentiation of the 3 lab-QST clusters depends on the
combination of the 13 different QST parameters (ie, sensory
profile) and that certain parameters for itself do not have a good
differentiation capacity. Therefore, the reduction of parameters
may contribute to an increased overlap of cluster allocation.

4.3. Future implications for a sensory bedside quantitative
sensory testing assessment

Several studies indicated that presence or absence of small/large
fiber function may predict a positive therapeutic outcome. For
example, Demant et al. indicated that patients with small fiber

integrity (ie, irritable nociceptor type) responded better to oxcarba-
zepine than those patients with nonirritable nociceptors.6 However,
this needs to be interpreted with caution because the irritable
nociceptor subgroup had better success rates in previous treatment
attempts than thenonirritable nociceptors.More recently, a phase IIa
study indicated a significant, treatment response for the oral TRPA 1
antagonist (GRC 17536) after 4 weeks.14 Interestingly, only in

Figure 3. Lab-QSTclusters. (A) Displayedare the frequencies (%) of abnormal values and, (B) the z-values as compared to normativeDFNSdata.Cluster 1 (sensory loss) (n
5 34), cluster 2 (thermal hyperalgesia) (n5 14), cluster 3 (mechanical hyperalgesia) (n5 25). The dotted gray line represents61.96 SDs from themean of corresponding
normative values of the age-, sex-, and location-matched DFNS database. All z-values,1.96 represent a loss of function, all z-values.1.96 indicate a gain of function.
CDT, cold detection threshold; CPT, cold pain threshold; DMA, dynamicmechanical allodynia; HPT, heat pain threshold; lab-QST, lab-Quantitative Sensory Testing;MDT,
mechanical detection threshold; MPT,mechanical pain threshold; MPS,mechanical pain sensitivity; PHS, paradoxical heat sensation; PPT, pain pressure threshold; TSL,
thermal sensory limen; VDT, vibration detection threshold; WDT, warm detection threshold; WUR, wind-up ratio.

Figure 4. Bedside-QST cluster solutions. Displayed are the ROC curves of the
3 bedside-QST cluster solutions as compared to the respective lab-QST
cluster. Bedside Cluster I (sensory loss): AUC 5 0.91, cutoff: $ 0.292
(sensitivity 5 0.91, specificity 5 0.72). Bedside Cluster II (thermal hyper-
algesia): AUC 5 0.83, cutoff: $ 0.750 (sensitivity 5 0.64, specificity 5 0.85).
Bedside Cluster III (mechanical hyperalgesia): AUC 5 0.75, cutoff: $ 0.583
(sensitivity 5 0.79, specificity 5 0.61). lab-QST, laboratory quantitative
sensory testing; ROC, receiver-operating characteristics.
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a subgroup of patients with preserved A-delta- and C-fiber function
(ie, .18˚ CDT and ,49˚C HPT), these effects were shown. This
implicates that for additional phase 3 or 4 studies, scrutinizing
pharmacological treatment effects on a subpopulation with small

fiber integrity, bedside-QST parameters such as metal 08/22/45˚C
could be adequate stratification tools. Another study indirectly
suggested that patients with a sensory loss do benefit from
a treatment with opioids.7 In light of the present opioid crisis, such
a bedside tool in combination with other screening questionnaires
could help excluding a significant amount of people from an
unnecessary opioid treatment. However, still a validation of the
proposed bedside assessment needs to be completed before
implementing such an approach in clinical trials.

4.4. Conclusions

The bedside-QST is a cheap and easy-to-use method to assess
somatosensory abnormalities in neuropathic conditions. Many
parameters compare well with the lab-based QST. Our results
suggest that in the future, a combination of parameters should be
selected, rather than single bedside items to test for neuropathy-
related mechanisms. Moreover, in clinical routine, the idea of
allocating each patient to a sensory cluster and applying the
corresponding treatment may be fostered by such a bedside-
QST. However, first steps into the direction of bedside clustering

Table 6

Comparison of bedside-QST and lab-QST cluster solutions.

Sensory
loss

Thermal
hyperalgesia

Mechanical
hyperalgesia

Sensitivity 0.91 0.64 0.76

Specificity 0.72 0.85 0.63

Positive predictive value 0.74 0.50 0.51

Negative predictive
value

0.90 0.91 0.83

Accuracy 0.81 0.81 0.67

Displayed is the sensitivity, specificity, positive predictive value, negative predictive, and accuracy of the

sensory bedside-QST cluster as compared to the sensory cluster determined by lab-QST. The cluster

identification was best in the sensory loss cluster, second in the thermal hyperalgesia cluster, and third in the

mechanical hyperalgesia cluster.

lab-QST, laboratory quantitative sensory testing.

Figure 5. Bedside-QST cluster assessment. Displayed is the calculation sheet for the bedside-QST cluster assessment. The cutoff values indicate the individual
ordinal-scale limits for bedside-QST parameters as well as cutoff ratios (total score divided by the number of bedside parameters) for each sensory cluster. QST,
quantitative sensory testing.
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have been made. Although, a proper solution for some issues
such as the multiple cluster allocation still need to be conquered.

4.5. Limitations

The beside-QST was assessed at one point in time only, either by
trained or untrained investigators. Therefore, results on re-
peatability or intraindividual variation were not obtained.

Because of the methodological focus, parameters such as
current medication, medication history, and treatment effects
were not assessed. This restrains the notion of a phenotype-
guided treatment recommendation.
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