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ABSTRACT

Methods and questionnaires are provided for assessing pain.
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Two examples of the relationship between pain features and composite symptoms and signs

|~ Skin lesion or signs of inflammation in a defined area
Sensory innervation intact

Peripheral sensitization Heat hyperalgesia in the affected site
{resulting from reduced thresholds Pinprick hyperalgesia

of activation of nociceptors)
Mechanical allodynia to punctate and dynamic stimuli,
L and blunt pressure

[‘ Pinprick, but not heat hyperaigesia outside of the affected area

Central sepsitization Mechanical allodynia to punctate and dynamic stimuli,
(resulting from abnormal sensory and blunt pressure beyond the injury or inflammation site

excitability of CNS neurons, synaptic N . . . .
reorganization and loss of inhibiton) Temporal summation of touch and pinprick stimulation
| Sensory innervation intact

Figure 4
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Mechanisms-based treatment options for neuropathic pain

Mechanism

Target

180
Drug treatment

Peripheral nervous system
(Sensory system)

Degeneration of the peripheral
sensory neuron

Neurotrophin-receplors
Caspases

Neurotrophins
inhibitors of caspase activation (Hsp27)
Caspase inhibitors (zVAD .fmk, DEVD.fmk)

Reduced threshold of activation of VR1 Capsaicin
nociceptors VR1 antagonists
Bradykinin Bradykinin antagonists
Serotonin Serotonin antagonists
NGF NGF antagonists
Peripheral sensory neuron TTXr-VGSC Selective blockers of TTXr-VGSC

hyperexcitability

Potassium channels

Potassium channel activators

Phenotypic changes

Substance P

Substance P antagonists

Ectopic activity

TTXs-VGSC

TTXr-VGSC
Potassium channels

Sodium channel biockers (local anesthetics, carbamazepine,
lamotrigine, mexiletine)

Selective blockers of TTXr-VGSC

Potassium channel activators

Central nervous system

Abnormal sensory excitability

NMDA-R

Kainate receptor

NMDA-R antagonists (ketamine, dextromethorphan, amantadine)
Glycine site antagonists

NR2A subunit antagonists

Kainate receptor antagonists

mGlu-R mGlu-R antagonists
NK1 NK1 antagonists
nNOS nNOS inhibltors
PKGy PKCy inhibitors
MAPK/ERK MAPK/ERK inhibitors
N-type Ca®* channels -Conotoxin
VGCC, ¢2-subunit Gabapentin
Phenotypic changes COX-2 COX-2 inhibitors
Synaptic recrganization GFRg-1{(2)/RET GDNF

Loss of inhibition

MOR

cB-2

GABA
a2-Adenoreceptor

Adenosine receplor
P2X3

CCK

nAch-R

u-Opioid agonists {(morphine, oxycodone}

CB-2 agonists (cannabinoid)

GABAa, GABAg agonists (baclophen)

a2-Adenoreceptor agonists (clonidine)

Tneyclic antidepressants (Amitriptyline, imipramine, clomipramine,
desipramine, maprotiline)

Adenosine receplor agenists

P2X3 antagonists

CCK antagonists

nAch-R agonists

Spontaneous activity

N-type Ca”' channels
VGCC, ¢2-subunit

w-Conotoxin
Gabapentin

Sympathetic nervous system

Altered level of activity

a2-Adenoreceplor
VGSC

a2-Adenoreceptor agonists (clonidine)
Sympathetic blocks using local anesthetics

Sympathetic-sensory coupling

a1-Adenoreceptor
NGF
VGSC

at-Adenoreceplor agonists (phentolamine, guanethidine)
NGF antagonists
Sympathetic blocks using local anesthetics

Figure 7
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Clinical Assessment of Pain Syndromes

The Patient’s History Date ... foid .
{(MM/DD/YY)

Pt e Nt S FirSt N A e e e——— e e e e e eeaann

L = L

HOSPH AN P At e i UM O i,

Date of Birth / /

O Female 0 Male

Investigator's Name

Ask the patient the following questions and enter the responses

Figure 11A
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Current Pain State Section H1
nior Are you in pain right now?

O No

O Yes

Describe the pain location briefly, e.g. “right hand”
Rate the intensity of the current pain by checking one of the four descriptors

O none o mild O moderate O severe

and

on a numerical scale from 0 to 10 D where O represents no pain and 10 the maximum possible
pain

Pain:Location Section H2

w01 Where is the pain located that you consider to be usually the most disturbing or distressing?
Describe the location briefly
and
mark the whole affected area on the drawing on the following page. Assign number 1 for this pain in the
drawing
If there is a clear spot or a defined area where this pain is most pronounced or extreme, label it with a
cross, “%”

we IS there another (or more than one other) pain that differs either in the type of sensation, the
location or the frequency from Pain No. 17

0O No

O Yes
Describe the location of this second {or additional) pain(s) briefly
and
mark it (or them) on the drawing on the following page. Assign number 2 for the second pain in the
drawing. If there are more than two different types of pain, use successive numbers

If there is a clear spot or a defined area where this second or any additional pain is most pronounced
or extreme, label it with a cross, “®%”

in the following, answers need to be assigned lo Pain No. 1 and/or Pain No. 2. If there are more than two
types of pain, use a separate sheet and answer the questions correspondingly

waa IS your pain superficial, deep, or felt as if in an internal organ? ———— Pain N6. 1 Pain No. 2

« Superficial (on or in the skin) O o
¢ Deep (under the skin, in muscles, bone, joints etc.) o ﬂ a.
¢ Feltin or as if in an internal organ of the body (as the heart, liver, or intestine) o Lo
SO o L
Onset and Time Course Section H3
wo: When did your pain start? p PainNo. 1. Pain No:2
e < 3 Months ago »E!v fl:l
» <6 Months ago g [=
¢ <1 Yearago o o
e > 1 Yearago o) o
SPECHY ...ttt st o neeca e et et s en e

Figure 11B
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Figure 11C
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woz Was there a disease, an injury or any other event that seemed to cause your pain?

O No Paih( No.1 Pain No.2
0 Yes > o O
s Disease a a
OOy e ‘ ‘
s Injury |:| U

s Others o] =
OO Y s
w03 Has your pain changed over time?
O No Pain No. 1. Pain No;2
O Yes > g a
¢ Pain has decreased in intensity a )EI:
« Pain has increased in intensity
« Pain has changed its character O ‘ D
SPECITY the ChANGE . oo eeseaee e s ssenessenennnee A
Temporal Characteristics Section H4

w0t s your pain always there?

O No
If “No” is answered, proceed to item H4-04 Pain No. 1. Pain No. 2
O Yes > a ‘0

Rate the average intensity of this ongoing pain by checking one of the
following four descriptors

O none O mild O moderate 0O severe

and

on a numerical scale from 0 to 10 D where 0 represents no pain and 10
the maximum possible pain

waz Does your pain ever suddenly, spontaneously worsen?

This question targets only spontaneous increases in pain severily. Pain evoked by specific events
including external stimulation is investigated in the following section

O Neo
If “No” is answered, proceed to item H5-01 Pain No.1, Pain No. 2
O Yes, sudden increases in pain intensity occur spontaneously ———— . [T ]

Rate the intensity of this suddenly increased pain by checking one of the
following four descriptors
0O none O mild O moderate 0O severe

and
on a numerical scale from 0 to 10 |:|

wa How often do you suffer from such increases in pain intensity? —— Pain No. 1 . “Pain No. 2

D Times on average per O day D week O month o
Continue the interview now with the next set of questions. Proceed to item H5-01

Figure 11D
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Ha-04 If your pain is not always present, how frequently do you experience o
spontaneous pain attacks, that do not result from a specific event? —p Pain No:1. Pain.No: 2

I:I Times on average per O day o week 0O month o
wos How long does a single pain attack usually last? » PainNo: 1. Pain No. 2
o < 1Minute o g

ar
r__l Minutes D Hours [n] 'q

Rate the average intensity of spontaneous pain attacks by checking one of the
following four descriptors
n| none a mild O moderate O severe

and

on a numerical scale from 0 to 10 D where 0 represents no pain and 10
the maximum possible pain

wees Within which time do pain attacks reach their maximal intensity? ——— PainNo.1 Pain No.2
O <1 Minute o o

or
[:I Minutes D Hours o -0

weor Are there series of attacks?
O No Pain No.1 Pain No..2
O Yes > o ‘O
Specify the average duration of such a series:

D Minutes D Hours

Evoked Pain Section,H5

T

Hs01 Do you suffer from pain that results from a specific event, e.9. a movement, a touch, exposure to
cold or warmth?

O No
If “No” is answered, proceed to item HE-01 Pain No:1 PainNo:. 2
O Yes > O [=]
o Pain is evoked only during or immediately after the stimulus and, once the o "I':li,
stimulus ends, tends to wear off or fade away a
» Evoked pain clearly outlasts the stimulus and remains at an intense a ko)

level or increases

wsaz Are there defined spots where touch, pressure or other stimuli consistently cause a pain attack?

O No Pain No.1 Pain No. 2
O Yes > D o
Describe the 10Cation BRHeflY e aen
and

mark the spots in the drawing on page 4. Label them with a daot, “®"

wss: What seems to produce your pain most often or most intensely? —— Pain No; 1 Pain No. 2
POy e e e Lo o

2

Figure 11E
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Is your pain in particular caused by ... — ,Pajn‘N'o.'i“‘*’Paviﬁ N02

wsa o ... activity, e.g. when you are moving an arm or leg, bending or straightening o, ]

your back, when you are walking, coughing, or chewing?

SPECHY et re e et er s s e s s ra s e s

Rate the intensity of the activity-evoked pain by checking one of the four

descriptors

O none o mild O moderate O severe

and

on a numerical scale from 0 to 10 I:I where 0 represents no pain and 10
the maximum possible pain

wos © IS your pain caused by light touch like from a shirt or a bed sheet? N

Rate the intensity of the touch-evoked pain by checking one of the four
descriptors

O none o mild 0O moderate O severe

and

on a numerical scale from 0 to 10 D

Is this pain steadily there or does it get worse when the touch stimulus is
maving?

O Steadily there

0O Worse when moving

w05 » IS your pain caused by pressure like from a belt, a bra or shoes, or a firm s} (&)
grip?
SPBCHY e en et en et e e amen s
Rate the intensity of the pressure-evoked pain by checking one of the four
descriptors
O none 0O mild O moderate DO severe
and
on a numerical scale from 0 to 10 D
wsor ¢ 1S your pain caused by cold, e.g. cold air on your skin? ‘o o

Specify pain-evoking cold stimuli e

Rate the intensity of the cold-evoked pain by checking one of the four
descriptors

O none O mild 0O moderate 0O severe
and
on a numerical scale from 0 to 10 D
wsos ¢ IS your pain caused by warm, e.g. a warm bath? o
Specify pain-evoking warm stimuli e

Rate the intensity of the warm-evoked pain by checking one of the four
descriptors

O none O mild O moderate 0O severe
and
on a numerical scale from 0 to 10 D
o ¢ IS your pain caused by urination or defecation? ‘O »0

0o

ltern H5-09 continued on the following page

Figure 11F
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Rate the intensity of the pain evoked by urination or defacation by
checking one of the four descriptors

O none O mild O moderate 0O severe
and
on a numerical scale from 0 to 10 [:l

Pain Qualities Section He
He01 How would you describe your pain? > Pa‘iri;‘No. 1 : «Fféih Nq.Z
SPEOCIY oo eeeeeeeee e e et enn e an e R e o . - g’

Check whether the description given by the patient matches one or more of the following categones The
categories may be proposed if the patient cannot describe his pain(s) articulately

« Throbbing or pounding or pulsating [=] o
e Shooting or radiating O o
» Cramping or gripping or squeezing o
e Stabbing or sharp u] a
» Aching or dull O .0
¢ Pricking or painful pins and needles o 4
+ Burning or hot a ]
e Others O ‘a
SPCHY o eiie et e er e n et m s s e e e
Effect of Drugs and Other Pain Alleviating Canditions Section'H7
was Can you name drugs or any other treatment(s) that have relieved your pain?
O No Pain No. 1. Pain No. 2
O Yes > o o
O Drugs o o
Specify these drugs and if you remember, the maximal dosage taken
(D)oo vt etameeeeaemen s e ee et mart s see e eme s e et e meneasam e s eneas o o
- SO D o
<) OO S OO 0. g
(B et n e e et ee e e et et e eemeamecameneacanaen o a
(5) oo seeeeeeeeeseeseeeeeessmms e e e ek e o o
o Nerve blocks, including epidural injections and sympathetic blocks u] o
SPECHY _...o.veeeveeeeeeeeesemesrmrnmsaesnessestees et emememenmesemnceee e aea e nenen e e
O Physical therapy o o
SPECHY oo eeeeeeeeeeee oo eemseeeeeeeemeem e ems oo eeme e rem s '
O Flectrical stimulation of nerves like TENS, or spinal cord stimulation (SCS) ] o
SPECIY ..o oeeeeeceetssesneemesese s et emm e e et ee e e ee e e n e emeam e
0 Acupuncture o ]
SPECIHY e et et eee et e e et eee e e neees
O Others B (]
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w2 Can you also name drugs or any other treatment(s) that did not relieve your pain?

0 No PainNo.1 Pain'No. 2
O Yes > O o
o Drugs o o
Specify these drugs and if you remember, the maximal dosage taken V M
(0o s e m e veae e et en et e oe e e e asasnanarnaa o o
() e e a o
(3] e et e e et e ec e s sasareem s o o
G UV SO RO o =5
(B e ee e e emne e e eneemea e e eem e s -0 o
O Nerve blocks, including epidural injections and sympathetic blocks .Ij |:1
POy e et en e banas
O Physical therapy 0 O
SPECHY et e sona e aeneae st
0 Electrical stimulation of nerves like TENS, or spinal cord stimulation (SCS) o
POy e teteem e e e et ee s ssaeaaessnann e e ameanarean
O Acupuncture w} |
OOy e en e et s
O Others o
SPECHY oo er e et et n et cana s sannena s ensennssanran

wos Not including prescribed drugs and other treatments, do you experience pain relief under any
conditions like staying still, not wearing a shirt, keeping warm?

O No PainNo.1 Pain No. 2
O Yes —> o.. - -0

Specify the pain alleviating condition(s)

Non-Painful Sensations ' Section H8

wo Do you suffer from unpleasant sensations that are not painful, e.g. tingling or itch?
O No
O Yes
Describe the location briefly, e.9. “right Band” v areraee et reaneeaee e meenaasaneenras
and
mark the area affected by those non-painful sensations on page 11. Label them with “S”

w02 How would you characterize this sensation?
wsos 1S the unpleasant sensation always there?

O No
O Yes

weos If not, how often do you experience this sensation?

D Times on average per O day g week 0O month

Figure 11H



Patent Application Publication Dec. 18, 2003 Sheet 21 of 30  US 2003/0233053 A1

ws0s Is this non-painful sensation dependent on a stimulus like activity, touch, pressure?
O No
O Yes
Specify the type of stimulus

Sensory:Deficits- Séction HY

wa Are there areas where your skin feels numb?
O No
0 Yes
Describe the location briefly, e.g. “right hand”
and
mark areas of numbness on the drawing on the following page. Label them with “N".

Figure 111
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Figure 11J
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Clinical Assessment of Pain Syndromes

The Physical Examination Date . foiid .
(MM/DD/YY)

Pal NS FiTSt NI e eee e ntaeaeeearesamseeseesesseenseesiansmnnanreeenransenn

LSt NI e eeaeeemmeermeemeeeoesssssmsssstesssssesssestessssesiasssessemsmsessesenn

Hospital/ Patient NUMIDET e

O Female 0O Male

Investigator's NaMe ... e e
Relevant pathological findings made in the general examination by an unblinded physician should be noted

separately. A copy of reports concerning special investigations and disease-related findings, e.g. radiological
examinations, shouid be added

Figure 12A
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Skin. Subcutaneous Tissue. and Cutaneous Appendages Section’S

The specific location of the findings should be mentioned briefly, e.g. “right hand” or “L4 dermatome”. If
the findings do not differ in their location, just indicate “same”. For some patients if may be appropriate to
indicate the distribution of their lesions or other findings in relation to their painful area(s) on the
anatomical drawing at the end of the questionnaire

ser Skin lesions within or related to the painful area
O No
O Yes
0o Wound
O Scar
0 Palpable induration
a Neuroma sign (Tinel)
g Others

sz Swelling
O No
O Yes
Location

ssa Change of skin color
O No
O Yes
O Reddened
O Bluish
O Others

su Excessive sweating or dry skin
O No
O Yes
O Excessive sweating
O Dry skin
Location

ses Trophic changes of the skin and/or cutaneous appendages
0 No
O Yes, involving
O Skin
O Hair
a Nails
Location

Figure 12B
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sos Pressure sensitivit;c;fgeiep}issues

In order to reveal an increased tenderness of subcutaneous, deep tissues within or neighboring the
painful area, firm pressure is applied by the examiner’s fingertips. The same grip strength has to be tried
first on the corresponding area of the non-affected contralateral side to make sure that it is non-painful
under normal conditions.

O Normal, non-painful sensation of firm pressure
O Increased tenderness or painful sensation elicited
Affected area and tissues (e.g. prominent bones, joints, muscles)

the four descriptors

O none O mild O moderate 0O severe
and

on a numerical scale from 0 to 10 D

Figure 12C
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Nérvous System.s'Sensory System Section'N

Sensory stimuli should be applied first to non-affected body parts

The specific location of the findings should be mentioned briefly, e.g. “right hand” or “L4 dermatome”. If
the findings do not differ in their location, just indicate “same”. For some patients it may be appropriate to
indicate their painful area(s) and, if present, the distribution of their sensory deficits or functional
abnormalities on the anatomical drawing at the end of the questionnaire

»01 Sense of touch

Two von Frey-filaments, #11 (strength 2.75 g) and #15 (20.9 g) are used. Each filament is applied 4
times. The result is considered positive when 3 out of 4 stimulations produce a response

O Normal (von Frey-filament #11 feit)

OO Decreased
O Mildly (only von Frey-filament #15 felt)
O Severely (none felt)

e (e o UG USSPV PO OOP N
O Painfui sensation elicited by von Frey-filament

a #11 o #15

Localion

Ask the patient to rate the intensity of the touch-evoked pain or unpleasant feeling by checking one
of the four descriptors

O none o mild O moderate O severe

and

on a numerical scale from 0 to 10 D where 0 represents no pain and 10 the maximum possible
pain

so: Blunt pressure on the skin

The blunt eraser end of a pencil is used pressing lightly so as just to indent the skin for 10 seconds. To
avoid the sensation of cold, this end must not be made of metal
O Normal sensation
0 Decreased sensation

O Mild decrease (reduced pressure sensation when compared with the non-affected reference area)

O Moderate decrease (no pressure, only touch felt)

0O Severe decrease (na sensation)

e o o) o O U OO
0O Painful sensation elicited

e (1o o OO OO UU VO STO

Ask the patient to rate the intensity of the blunt touch-evoked pain or unpleasant feeling by checking
one of the four descriptors

O none a mild O moderate 0O severe
and
on a numerical scale from 0 to 10 I:]

w0 Dynamic stimulus

A make-up powder brush (width 1 cm) is lightly moved over the skin at about 3-5 cm per second, in a
constant direction

Item N-03 continued on the following page

Figure 12D
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N-D&

N-0&

ftem N-03, continued

0 Normal feeling
O Decreased feeling

0 Mild decrease (reduced movement sensation, but discrimination of the direction preserved)

O Moderate decrease (vague movement sensation without discrimination of the direction)

O Severe decrease (no movement felt)

T (1) oSO DS
O Painful sensation elicited

LG ON et ee et oo ee e e emseeemeeaseettant s amemreaseedorteeseeeseeeseeeeaas seeasn e nrrernranen

Ask the patient to rate the intensity of the brush-evoked pain or unpleasant feeling by checking one
of the four descriptors

O none a mild O moderate 0O severe
and
on a numerical scale from O to 10 I:]

Pinprick pain
Pinprick is performed with a safely pin
O Normal
O Decreased
O Mild decrease (less intense pricking sensation when compared with the non-affected reference area)
O Moderate decrease (no pricking, only blunt touch felt)
0O Severe decrease (no sensation)
DO Pinprick evokes a painful sensation that exceeds the intensity of pain felt in the reference region
W To= (1]« o WU O OO

Ask the patient to rate the increased pinprick intensity or unpleasant feeling by checking one of the
four descriptors

0O none O mild O moderate 0O severe
and
on a numerical scale from 0 to 10 I:l

Sense of vibration
A standard tuning fork (128 Hz} is used
O Normal
Specify where the sense of vibration was tested | e ieerrreeee e e neeeea
O Decreased
Specify where the sense of vibration was decreased L ereeeeeeeeanneeees

If using a tuning fork with weights scaled from 1/8 to 8/8, the extent of the decrease should be given by
the lowest vibration intensity detected

Sense of temperature

Thermal stimuli can be applied for 10 seconds using either a Peltier-type thermoelectric system set to 20°
for the cold stimulus and 40°C for the hot stimulus, or brass bars (diameter 1 cm) can be used. These
bars should be stored in thermos vacuum flasks filled with water of the corresponding temperatures

ltem N-06 continued on the following page

Figure 12E
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item N-06, continued

O Normal (warm and cold stimuli discriminated)
O Decreased

a Only for cold

O Only for warm

o For both, warm and cold

LOCAHON | .ot ea s cs e es e ece e et 2t ee e s ee as e e neaenee e e natcaeteseen
O Unpleasant or painful feeling elicited

a Only by cold stimulus

N Only by warm stimulus

D By both, warm and cold stimuli

Location

Ask the patient to rate the intensity of the temperature-evoked pain or unpleasant feeling by checking
one of the four descriptors

0O none O mild O moderate 0O severe
and
on a numerical scale from 0 to 10 I:]

vz Temporal summation

For testing temporal summation, the von Frey-filament #15 (strength 20.9 g) should be used. If this
strength elicits pain, the filament #11 (2.75 g) should be employed instead. The filament shouid be
pricked repetitively on the skin at a rate of approximately 3 times a second. Stimulfation should last for 30

seconds
Strength of the von Frey filament used;
o #11 o #15

[0 Sensation remained unchanged
O Stimulation initially not painful, but pain appeared during stimulation
O Stimulation already painful at the beginning, but pain increased

vo: Sense of position and passive movement

0 Normal

0O Decreased
O Mild decrease (comect discrimination of pasition and the direction of passive movement is difficult, but still possible)
o Moderate decrease (only passively moved body part, but not position or movement direction identified)
O Severe decrease (unable to identify passively moved body part)
Specify the limb and the most-proximal joint affected

O Passive movement causes pain
SpeCify the JOINt @ O ... i
... and the movement that evokes pain
O Raised leg sign (should be tested only in those patients with low back pain or pain in the lower extremities)
Ask the patient where the movement-evoked pain is felt
o At the joint
O Atthe bones of the limbs moved
O Attendons or ligaments

ftem N-08 continued on the following page

Figure 12F
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Ifem N-08, continued

O In muscles
O Atthe trunk, e.g. the back or the neck
O Pain is radiant

Ask the patient to rate the intensity of pain elicited through passive movement by checking one of
the four descriptors

0O none O mild O moderate O severe
and
on a numerical scale from 0 to 10 D

Figure 12G
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PAIN ASSESSMENT

TECHNICAL FIELD

[0001] This description relates to pain assessment.

BACKGROUND

[0002] Conventionally, pain syndromes are classified
according to the affected anatomical structure, e.g. trigemi-
nal neuralgia, tissue category, e.g. fibromyalgia, or the
underlying disease, e.g. cancer pain. They are further
divided into acute or chronic conditions related to the
duration. Another common division has been to differentiate
pain produced by damage to or dysfunction in the nervous
system, neuropathic pain, from pain arising from soft tissue,
viscera, bone or joints, which have been termed nociceptive
or inflammatory pain, depending on the presence or absence
of tissue damage and inflammation. There have been
attempts to assign specific pain qualities to these different
clinical diagnoses. However, the list of qualities attributed to
conditions of neuropathic pain alone includes descriptions as
diverse as burning, shooting, crawling pain, unusual tin-
gling, electrical sensation or sharp, pulling, aching, tender
pain and such descriptors provide little insight into the
mechanisms underlying the induction or maintenance of the
pain.

[0003] There are several lines of evidence indicating that
it is not possible to regard pain in general, or even a
particular diagnostic disorder like postherpetic neuralgia, as
a uniform entity. The relation between etiology, underlying
mechanisms and the specific symptoms and signs related to
painful disorders is complex. Pain in an individual patient
may be produced by more than one mechanism. No pain
mechanism is the inevitable result of a particular etiology.
Finally, different mechanisms may operate in patients with
the same disease and these may even change during the
course of the disease.

[0004] Current strategies for assessing pain severity or the
efficacy of a given treatment against pain generally rely on
global outcome measures. Patients are asked to rate the
overall intensity of their pain on categorical scales ranging
from no pain to severe pain. Also widely used are numerical
rating scales from O to 10, where 10 stands for the worst
possible pain, or visual analogue scales, where pain intensity
has to be indicated on a horizontal line or similar depiction
scaled from 0 to 100. Other, secondary, measures of pain
intensity are based on the consumption of analgesic drugs or
pain-related deficits in function or the quality of life.

SUMMARY

[0005] In one aspect, the invention features a method
including accumulating information from a patient regard-
ing a pain or other sensation expericnced by the patient, the
information being selected to be indicative of at least one
mechanism associated with the pain or sensation, and ana-
lyzing the information to determine one or more pain
mechanisms indicated by the information.

[0006] Some implementations may include one or more of
the following features. The method further includes deriving
a pain profile based on the information. The method further
includes analyzing the pain profile to determine the presence
of at least one pain feature. The pain mechanism is deter-

Dec. 18, 2003

mined based on the state of the pain feature. The information
includes the location of the pain or sensation as indicated on
an anatomical diagram. The information includes the depth
of the pain relative to the skin surface of the patient. The
information pertains to a single pain. The information per-
tains to two or more separate pains and/or sensations the
information being selected to be indicative of one or more
than one mechanism associated with the pains and/or sen-
sations. The information includes how long ago the pain or
sensation started. The information includes the time course
of the pain or sensation, e.g., changes of the pain or
sensation over time. The information includes the temporal
characteristics of the pain or sensation, e.g., the time profile
of instances of the pain or sensation. The information
pertains to a sensation other than pain. The information
pertains to events that evoke a pain or other sensation, e.g.,
mechanical or thermal stimuli. The information pertains to
the quality of the pain. The information pertains to factors
that alleviate a pain or other sensation experienced by the
patient. The information pertains to the presence of a sen-
sory deficit. The information is accumulated using a ques-
tionnaire and/or by eliciting the patient’s history using
standardized questions. The information is accumulated by
performing a physical examination according to a standard-
ized protocol. The method further includes diagnosing a pain
syndrome based on the mechanisms determined. The
method further includes treating the patient based on the
mechanisms determined. The method further includes ana-
lyzing the information along with information accumulated
from other patients.

[0007] In another aspect, the invention features a method
including accumulating information from a patient regard-
ing a pain or other sensation experienced by the patient, the
information being selected to be indicative of at least one
mechanism associated with the pain or sensation, and
graphically or numerically representing a presence, relative
amplitude, and absence of individual symptoms and signs to
create a pain profile for the patient.

[0008] The invention also features a method including
accumulating information from a patient regarding a pain or
other sensation experienced by the patient, the information
being selected to be indicative of at least one mechanism
associated with the pain or sensation, and identifying from
the information composites of symptoms and signs that
represent pain features that are indicative of a pain mecha-
nism.

[0009] In a further aspect, the invention features a method
including accumulating information from a patient regard-
ing a pain or other sensation experienced by the patient, the
information being selected to be indicative of at least one
mechanism associated with the pain or sensation, and per-
forming a therapeutic evaluation of a patient based on the
information.

[0010] In some implementations, the method also
includes, at a later time, accumulating additional informa-
tion from a patient regarding a pain or other sensation
experienced by the patient, the information being selected to
be indicative of at least one mechanism associated with the
pain or sensation, and, performing a diagnostic or therapeu-
tic evaluation of the patient based on the additional infor-
mation.

[0011] In yet another aspect, the invention features a
method including accumulating information from patients
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regarding pains or other sensations experienced by the
patients, the information being selected to be indicative of at
least one mechanism associated with the pains or sensations,
and performing an epidemiological study with respect to the
mechanisms associated with the pains or sensations based on
the accumulated information.

[0012] The invention also includes a method including
accumulating information from patients regarding pains or
other sensations experienced by the patients, the information
being selected to be indicative of at least one mechanism
associated with the pains or sensations, selecting or modi-
fying a drug under development based on the accumulated
information, testing the drug on the patients, accumulating
additional information from the patients regarding pains or
other sensations experienced by the patients, the information
being selected to be indicative of at least one mechanism
associated with the pains or sensations, and iterating the
testing and accumulating until a marketable drug is reached.

[0013] Among other advantages of the invention are one
or more of the following. Pathophysiological targets may be
identified for rational, non-empirical treatment in individual
patients. Pain conditions of a variety of etiologies may be
addressed: traumatic, inflammatory and those associated
with a structural lesion or malfunction of the nervous
system.

[0014] Other features and advantages of the invention will
be apparent from the description and drawings, and from the
claims.

DESCRIPTION OF DRAWINGS

[0015] FIG. 1 is a flow chart comparing a conventional
approach to pain management with a mechanism-based
approach.

[0016] FIG. 1A is a flow chart illustrating steps of the
mechanism-based approach of FIG. 1.

[0017] FIG. 2 is a block diagram illustrating how single
symptoms and signs present in conditions associated with
spontaneous neuropathic pain are common to multiple clini-
cal diseases and pain syndromes.

[0018] FIG. 3 is a table illustrating the relationship
between pain mechanisms and symptoms and signs.

[0019] FIG. 4 demonstrates, by giving two examples, that
pain features are composites of pain symptoms and signs.

[0020] FIG. 5 is an illustration of pain profiles produced
by examples of different pain mechanisms, showing the pain
features typical of these mechanisms.

[0021] FIG. 6 shows an example of a mechanism-based
assessment of pain.

[0022] FIG. 6A is a block diagram of a computer system
that is suitable for use in mechanism-based pain assessment.

[0023] FIG. 7 is a table providing an overview of
examples of treatment strategies based on pain mechanisms.

[0024] FIG. 8 is a flow diagram illustrating an example of
steps used in assessing a patient’s pain.

[0025] FIGS. 9 and 10 are diagrammatic representations
of methods according to two alternative embodiments of the
invention.
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[0026] FIGS. 11A-117 are pages of an example of a Patient
History Questionnaire.

[0027] FIGS. 12A-12H are pages of an example of a
Physical Examination Questionnaire.

DETAILED DESCRIPTION

[0028] As shown in the two left-hand columns of FIG. 1,
conventional management of pain (10) generally relies on
clinical diagnoses of diseases and clinical syndromes (16),
for example rheumatoid arthritis and herpes zoster, and on
knowledge of the underlying etiological or causative factors
(11), i.e., in these examples an autoimmune reaction and a
viral infection, respectively. The treatment would be aimed
at (a) modifying the underlying etiological factors (11) (i.e.,
disease-modifying therapy (15)), (b) prescribing an analge-
sic based on empiric standards (i.e., symptom-relief therapy
(18)), or (c¢) a combination of these therapies (12). In this
conventional approach, the pain mechanism (13), which
actually drives the pain in a patient, would not be identified
nor would it be the target of the therapeutic intervention.

[0029] However, as illustrated in FIG. 2 for conditions
that are typically associated with spontaneous neuropathic
pain, individual symptoms and signs (14) are common to
many different clinical diseases or syndromes (16). Thus,
neither a disease diagnosis nor individual symptoms alone
can be used to identify the mechanisms responsible for the
production of the pain.

[0030] As an example, again referring to FIG. 2, the
clinical syndrome of nerve entrapment (20) is associated not
only with the etiological factor of mechanical compressive
injury (22) but also with other etiological factors (11) such
as inflammatory changes (26) or the release of cytokines
(28) at the site of the injury, or neurodegeneration (30) if
untreated, as well as with a possible involvement of the
sympathetic nervous system. (Examples of etiological fac-
tors (11) are depicted on top of FIG. 2; the lateral extension
of the boxes indicates the relevance of each etiological/
causative factor for the clinical diseases or syndromes
below, as indicated by dotted lines in FIG. 2 for the nerve
entrapment example).

[0031] The relationship between clinical diseases and syn-
dromes (16), and spontanecous symptoms and signs (14), is
indicated in FIG. 2 by the lines connecting individual
diseases/syndromes with the associated symptoms and signs
below. Again using nerve entrapment as an example, spon-
taneous symptoms (14) associated with nerve entrapment
include manifestations of spontaneous pain (31), non-pain-
ful but unpleasant, disturbing sensations (so-called paras-
thesia or dysesthesia (32)), ongoing pain (34) or pain that is
intermittently present in brief attacks (36). Especially in
those cases when the median nerve is entrapped at the wrist,
a condition called carpal tunnel syndrome, signs indicating
an involvement of the sympathetic nervous system (38) can
be found in the physical examination. Altered sweating (40)
and a bluish or otherwise changed skin color (42) are
indicators of a dysfunction in the sympathetic nervous
system, while swelling (44) and trophic changes of the skin
or the nails (46) represent consequences of disturbances in
the blood supply.

[0032] As illustrated in FIG. 2, symptoms and signs
attributable to a dysfunction in the sympathetic nervous
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system (38), which can be present in patients with nerve
entrapment, as discussed above, can also be present in
patients with other diseases, e.g., herpes zoster (58), when
the pain that accompanies the acute virus infection turns into
a chronic condition named postherpetic neuralgia. Further-
more, symptoms and signs indicative of an involvement of
the sympathetic nervous systems may be observed in dis-
eases and injuries that affect structures of the central nervous
system, e.g., the brain with stroke (50), the spinal cord after
injury (52), and the brain and/or the spinal cord with
multiple sclerosis (54). Similarly, the same symptoms and
signs involving manifestations of spontaneous pain (31) that
are present in patients with nerve entrapment can also be
present in patients with other diseases, such as diabetes
mellitus (56) and herpes zoster (58).

[0033] Pain mechanisms are those factors operating within
the sensory nervous system that are responsible for produc-
ing pain symptoms including spontaneous and evoked pain.
Different diseases or clinical syndromes may initiate differ-
ent mechanisms, or the same mechanism, and the same
disease or clinical syndrome may generate pain by different
mechanisms, either between patients, or even in the same
patient over the course of the disease. Thus, patients may
have pain mechanisms in common even though their clinical
diagnoses are different. For example, a reduced threshold of
nociceptive sensory neurons may result from joint inflam-
mation in one patient with, e.g., rheumatoid arthritis, or it
may be caused by a reactivation of the varicella-zoster virus
in another patient.

[0034] A disease or clinical syndrome (16) (e.g. painful
polyneuropathy in diabetes mellitus, or postherpetic neural-
gia developing after herpes zoster) is not equivalent, there-
fore, to a pain syndrome (62, FIG. 1) (e.g., postoperative
pain, inflammatory pain, fibromyalgia, central pain, deaffer-
entation pain), which is a particular pattern or constellation
of pain mechanisms (13). It is useful for a rational approach
to the diagnosis and treatment of pain that pain mechanisms
be identified and form the basis for a mechanism-based
approach (60) to determining treatment strategies, as shown
in the two right-hand columns of FIG. 1.

[0035] In some implementations, a patient’s pain mecha-
nisms are identified by first identifying a cluster of multiple,
pain-related symptoms and signs, which we call a “pain
profile” (64), for the patient. Pain-related symptoms are
subjective changes noticed or reported by the patient, e.g.
pain provoked by a specific movement like walking or the
temporal characteristics of pain attacks. Pain-related signs
are objective findings that can be obtained by a clinician
examining the patient, e.g. signs of inflammation like red-
dening or swelling. The pain profile represents a distinct
pattern or “fingerprint” of the patient’s pain, displaying all
the pain-related symptoms reported by the patient during an
interview and the signs elicited by a physical examination.

[0036] Composites of symptoms and signs in the pain
profile define “pain features” (66) that each reveal a specific
pain mechanism (13) responsible for the development or the
maintenance of pain.

[0037] For example, a patient suffering from pain caused
by an injury of sensory neurons will complain of numbness
in the affected skin area, as sensory neurons are the struc-
tures in the peripheral nervous system that are responsible
for providing information about stimuli applied to the skin,
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such as touch or pinprick. If sensory neurons are lost, the
sensation of touch is impaired.

[0038] In the physical examination, sensory loss can be
assessed by applying standardized stimuli and recording the
patient’s response to these stimuli. The composite of the
pain characteristics reported by this patient, i.e., the descrip-
tion of numbness, and the sensory loss found upon exami-
nation, define a pain feature indicative of pain due to the
degeneration of sensory neurons. On the other hand, a
patient suffering from pain caused by a reduced threshold of
nociceptive sensory neurons, which specifically detect pain-
ful stimuli such as pinprick, will complain of an increased
sensitivity of the skin, and a physical examination will
produce findings that demonstrate an enhanced responsive-
ness to a pinprick or similar, painful stimuli in the affected
area. In this case, the composite of the pain characteristics of
this patient defines a pain feature indicative of pain due to a
reduced nociceptor threshold.

[0039] Thus, as shown schematically in FIG. 1A, the
sequence of steps in providing a mechanism-based pain
assessment includes: acquiring patient data (210), generat-
ing a pain profile for the patient (212), identifying pain
feature(s) (214), and, from the pain feature(s), identifying
the corresponding pain mechanism(s) responsible for the
patient’s pain (216). Based on this analysis, a mechanism-
based treatment can be selected (218), and the outcome can
be assessed using similar methodology (220).

[0040] FIG. 4 illustrates examples of the composite symp-
toms and signs that may make up two different, exemplary
pain features. Peripheral sensitization, which is character-
ized by a reduced activation threshold of nociceptors, is
indicated by the following symptoms and signs: skin lesions
or local signs of inflammation, an intact sensory innervation,
and as decisive indicators, an increased painful response
(hyperalgesia) to heat stimuli and pinprick as well as a
painful sensation felt upon stimulation with normally non-
painful stimuli like punctate, blunt or dynamic mechanical
stimuli. These symptoms and signs are confined to the site
of the skin lesion or inflammation. The complex pain feature
of central sensitization results from abnormal sensory excit-
ability of central nervous system neurons, synaptic reorga-
nization and loss of inhibition. As in peripheral sensitization,
it is associated with pinprick but not with heat hyperalgesia.
Usually non-painful mechanical stimuli again elicit pain, but
this is a finding that goes beyond the skin injury site. In
addition, temporal summation, which means an increasing
sensitivity to repeated stimuli over time for touch and
pinprick stimulation may be present.

[0041] Information elicited from the patient is selected to
determine the absence or presence of particular symptoms
and signs. In addition, the relative amplitudes of individual
symptoms and signs are determined by using a rating system
such as a categorical scale ranging from none or absent to
severe, or a numerical rating scale from 0 to 10. Suitable
techniques for eliciting this information will be discussed in
detail below. The rating systems are not used only to
measure global pain intensity. They are employed to judge
the relative contribution of a specific pain symptom or sign
to the patient’s pain profile. Based on this information, the
pain profile enables the determination of the presence or
absence of the pain features, and their relative significance
for the patient’s pain, as will be discussed in further detail
below.
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[0042] The collection of pain-related data may also
include findings from special investigations, e.g., testing
beyond the scope of the physical examination, like com-
puted tomography (CT) scans of the spine in patients with
low back pain, or the results from a laboratory examination
of the cerebrospinal fluid and magnetic resonance imaging
(MRI) of the brain and the spinal cord in patients with
multiple sclerosis.

[0043] The pain experienced by an individual patient may
be caused by more than one pain mechanism (13). For
example, a patient’s pain profile (64) shown in step 2 of
FIG. 6 (discussed in detail below) indicates that the patient’s
pain is caused by sensory neuron degeneration (85), ectopic
activity (87), and synaptic reorganization (82) (step 3, FIG.
6).

[0044] Since multiple mechanisms may co-exist, the pain
profile may contain one or more than one pain feature. In a
stepwise analysis, the distinctive pattern of symptoms and
signs is used first, to identify those pain features, and next,
to conclude on the single or multiple pain mechanisms
present. This is achieved by comparing the pain profile of the
individual patient with a database (e.g., databases 70 and 73,
FIG. 6A) that is created using the same mechanism-based
tool for the assessment of pain from a large population of
patients, including those where single mechanisms can be
shown or inferred to be present and associated with particu-
lar pain features. As described in detail below, the database
73 includes a collection of pain features associated with
single pain mechanisms and provides a key for decoding a
patient’s pain profile to reveal the most likely or predomi-
nant mechanism responsible for his pain, or a complex
combination of mechanisms that may co-exist in the patient
and constitute a pain syndrome. Matches of the individual
patient’s pain profile with single mechanism-specific pain
features allow detection of the presence of the corresponding
pain mechanisms. As a final result, a mechanism-based
diagnosis of the individual patient’s pain syndrome is
obtained.

[0045] In some implementations, a questionnaire on the
patient’s history (e.g., as shown in FIGS. 11A-11J and
discussed below), a physical examination guided by stan-
dardized instructions (e.g., as shown in FIGS. 12A-12H),
and, where appropriate, special investigations, are used to
elicit information from the patient. The questionnaire and
the physical examination are used to investigate the presence
of spontaneous and evoked pains, temporal and spatial
evolution of the symptoms, localization, distribution and
nature of evoked pain, and other sensory abnormalities and
associated changes. The questionnaire and the standardized
instructions for the physical examination are designed to
provide a detailed pain profile, which is comprehensive,
precise, and reflects the relative contribution of each symp-
tom and sign according to a rating scale.

[0046] This mechanism-based assessment of pain will
have consequences for the management of pain. Predomi-
nant mechanisms of pain may be identified in a given patient
and drugs that are known to target the symptoms generated
by these mechanisms can be selected for treatment of the
patient. Use of the questionnaire and the standardized
examination described below, by enabling the pain profile of
the patient to be established, will allow clinicians to stan-
dardize investigation and documentation of both initial
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findings and findings regarding improvement or worsening
of a pain syndrome during follow-up visits. Changes in the
mechanisms responsible for the pain over the course of a
disease can be followed by the appearance or disappearance
of different pain features in the pain profile or relative
changes in the rating of correlated symptoms and signs.

[0047] In addition, the development and the evaluation of
new analgesic drugs will be facilitated. Mechanism-based
pain assessment may improve the design of clinical trials, by
allowing the investigation of drug effects on specific mecha-
nisms of pain, rather than attempting to measure overall
reduction of pain. Recent evidence from fundamental phar-
macological research has revealed previously unknown
mechanisms of drug action. These include, for example, the
effect of cyclooxygenase (COX)-2 inhibitors on the central
nervous system, and the binding of gabapentin to the a2d-
subunit of voltage-gated calcium channels (VGCC), which
is up-regulated in animal models of neuropathic pain.
Mechanism-based pain assessment will also provide tools to
select study populations of patients with pain based on
underlying mechanisms. Eventually, mechanism-based
assessment of pain may radically change the design of
pharmacological trials to study specific effects of drugs on
pain mechanisms. Likewise, it will have an important impact
on the design of investigations involving the significance of
known modem of drug action as well as on alterations in the
indication for use of particular analgesics determined in the
label or package insert, allowed by regulatory authorities
such as the Food and Drug Administration (FDA) or Euro-
pean Agency for the Evaluation of Medicinal Products
(EMEA).

[0048] FIG. 3 illustrates specific examples of symptoms
(left side) and signs (right side) that underlic different
mechanisms of neuropathic pain.

[0049] One implementation of mechanism-based pain
assessment of pain syndromes is shown schematically in
FIGS. 5 and 6. FIG. 6A shows a computer system that can
be used to carry out the steps shown in FIG. 6. Initially, a
database (70, FIG. 6A) that associates signs and symptoms
with pain features is created by investigating the presence
and the relative contribution (weighting) of symptoms and
signs in a large number of patients with e.g., neuropathic
pain. The relationship between single symptoms and signs is
examined using statistical methods including correlation
analysis, cluster analysis, and analysis of variance. This
allows a reduction in the number of symptoms and signs
necessary to identify corresponding pain mechanisms. Pain
features representing those symptoms and signs, that are
attributable to a single mechanism, will be identified by
statistical techniques, for example by using an explanatory
factor analysis.

[0050] As a result, a series of highly specific pain features
(66) (each of which is represented by a single row (72) of
boxes (74) in FIG. 5) are established, that can be associated
with individual pain mechanisms (13) (listed on the left hand
side in FIG. 5). Each of these pain features includes a set of
single symptoms and signs (14) (each of which is repre-
sented by a box (74) in FIG. 5). The symptoms and signs can
be grouped in various ways, such as according to the
sequence of their investigation in the questionnaire and in
the standardized physical examination. In FIG. 5, the
absence or presence of a single symptom or sign is depicted
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graphically as an empty box (76) or a filled box (78),
respectively. However, absence or presence may be depicted
using any suitable graphical indication such as histograms,
lines of different thickness, or different symbols. The rel-
evance of an indicative symptom or sign is given, in this
example, by a dashed square (80) for a possible indicator
and a black square (78) for a strong indicator (this also can
be graphically represented in any of a number of different
ways). In the database 70, the relevance can be expressed by
numbers according to the assigned rating score.

[0051] As discussed above, a patient’s pain profile is
analyzed to detect the presence of pain features. In a patient
whose signs and symptoms are due to the presence of a
single pain mechanism, the pain profile is identical to the
specific pain feature for that single underlying mechanism.
FIG. 5 illustrates pain profiles in hypothetical patients
having a single pain feature due to the presence of a single
pain mechanism. However, most pain patients will have
multiple pain mechanisms operating, and in consequence
their pain profile will be a complex composed of multiple
pain features whose individual elements may overlap. Here,
the database (70) can be used as a “key” to decipher the pain
profile “code™.

[0052] FIG. 6 illustrates the pain profile (64) of a particu-
lar patient with postherpetic neuralgia. Step 3 of FIG. 6
illustrates how, by analyzing the pain profile, three pain
features (66), represented by the three rows of boxes in Step
3, can be shown to make up this patient’s pain profile. These
pain features reflect the concurrence of three different pain
mechanisms (13) in this patient that together contribute to
the overall pain syndrome (62), i.c., deafferentation pain in
this example.

[0053] In Step 1, pain-related symptoms are documented
in the patient’s history and objective signs are investigated
by a physical examination under the standardized conditions
of a mechanism-based assessment of pain. In Step 2, the
information obtained on the absence or presence, and the
rating scores of symptoms and signs is transferred into a
graphical (as shown in FIG. 6), or numerical, display
representing the patient’s pain profile (64).

[0054] In Step 3, the patient’s pain profile is analyzed to
determine the presence of pain features. Statistical analysis
of the individual patient’s pain profile can be used to identify
single pain features, and in this way allow determination of
how many and which mechanisms are responsible for the
pain the patient experiences. As outlined above, a database
70 is used to define reference pain features. Matching the
individual patient’s pain feature with this reference (the
reference pain features shown in FIG. 5) produces an
estimated factor score. The estimated factor score can be
used to assess the individual patient’s standing on the
corresponding pain feature in the database and, implicitly,
on a single underlying pain mechanism. The higher an
estimated factor score, the more likely is the presence of the
corresponding pain feature and consequently, pain mecha-
nism. The inclusion of a weighting system using categorical,
numerical or visual analogue rating scales substantially
improves the ability to assess the relative importance or
contribution of a single pain mechanism in the patient’s pain
syndrome and thus, to determine the predominant pain
mechanism(s). In FIG. 6, matches are indicated in Step 3 by
larger boxes drawn around the small, symptom-indicating
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boxes in the top row, and corresponding larger boxes drawn
around the matching small boxes in the lower rows. A line
is drawn from each of the upper large boxes to a corre-
sponding lower large box to indicate a match.

[0055] In the example shown in FIG. 6, there is a good
match of a pain identified by this patient with the pain
feature of synaptic reorganization (row 91, FIG. §), which
is characterized by evoked pain. Synaptic reorganization
within the central nervous system, due to a sprouting of
cutaneous A fibers, is characterized by a location of the pain
at the surface (indicated by filled-in box 84 in FIG. 6), rather
than in deep tissues. Reorganization means that non-noci-
ceptive sensory information from the periphery, e.g., a touch
of the skin, is conducted to relay neurons in the central
nervous system that under normal conditions receive infor-
mation only from nociceptive sensory neurons. As a conse-
quence, touch is now erroncously interpreted as pain (indi-
cated by filled-in box 86 in FIG. 6). Since this mechanism
involves structures both of the peripheral and the central
nervous system, the pain distribution may follow the terri-
tory of a peripheral nerve or it may match a distribution
reflecting a central nervous system (CNS) pattern. There-
fore, these items are not discriminative for this specific
mechanism (empty boxes 221 to 223 in FIG. 6). The
affected patients will report pain that is evoked by previously
non-painful stimuli like light touch or pressure, and they
may also describe limited areas of highly increased sensi-
tivity for evoked pain, so-called trigger zones. In correspon-
dence with the descriptions provided in the patient’s history,
the physician will find that usually non-painful stimuli like
touch, blunt pressure or a (dynamic) stimulus moved over
the skin cause pain (indicated by filled-in boxes 86, 88 and
90, respectively).

[0056] Other signs and symptoms exhibited by this
patient, e.g., a decrease in the sense of touch, pinprick,
vibration and temperature, correspond with the pattern of
sensory deficit that is expected to be seen in the presence of
sensory neuron degeneration (85), as revealed by compari-
son with the corresponding pain feature (66) from the
database (i.e., the top row (72) of the iaealized pain profile
shown in FIG. 5).

[0057] Some of the patient’s symptoms, ¢.g., an ongoing
pain (box 93) of an aching quality (box 95), referred to deep
tissue (box 97), match with the mechanism of ectopic
activity. However, this is not exclusively so, as these symp-
toms are shared by other mechanisms.

[0058] Thus, in this example three mechanisms are
present, with sensory neuron degeneration and synaptic
reorganization being relatively dominant, and ectopic activ-
ity being less relevant. Based on this constellation of pain
features, indicating a specific combination of pain mecha-
nisms, the pain syndrome of deafferentation pain is diag-
nosed in Step 4.

[0059] A patient may have more than one pain and this
mechanism-based assessment can be performed for each
pain to identify if the same or different mechanisms are
responsible.

[0060] The simple absence or presence of individual signs
and symptoms may be insufficient to determine what pain
mechanisms are responsible for a patient’s pain. For
example, two patients may both complain about spontane-
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ous pain and touch-evoked pain, and one of these patients
may also complain of activity-evoked pain. Patient A rates
his spontaneous pain as high as 6 on the numerical rating
scale (NRS) while touch-evoked pain is only slight and
reaches not more than NRS 3. Patient A is more affected by
activity-evoked pain (NRS up to 5) than touch-evoked pain.
Patient B rates his spontaneous pain NRS 4, but suffers from
severe touch-evoked pain of NRS up to 10. Activity-evoked
pain is absent. In this example, Patient A’s pain is due to the
presence of phenotypic changes whereas Patient B’s pre-
dominant pain is due to central sensitization and synaptic
reorganization. Thus, to differentiate between pain mecha-
nisms, symptoms and signs have to be weighted to explore
the significance of pain mechanisms in individual patients.
This example also demonstrates that reaching a conclusion
on the presence of a pain feature may require using the
complete information about the absence or presence and the
rating of all symptoms and signs examined.

[0061] One application of mechanism-based pain assess-
ment is shown schematically in FIGS. 8 and 9. When a
patient (100) visits a clinician (102), e.g., a pain specialist,
the clinician, or a nurse or assistant (109), fills in a Patient
Data Sheet (104), containing, for example, identifying infor-
mation (99), previous clinical diagnoses (101), medications
(103) and therapies (105) previously prescribed, and rel-
evant special investigations (107). Next, the clinician or a
nurse or assistant interviews the patient and completes a
standardized Patient’s History Questionnaire (106) based on
the information provided by the patient. The Patient’s His-
tory Questionnaire, an example of which is shown in FIGS.
11A-117J and discussed below, is designed to include infor-
mation on the patient’s current pain state (110), the location
of the pain (111), onset (112), time-course (113), and tem-
poral characteristics (114) of the pain. Other questions relate
to how the pain is evoked (115), the quality of the pain (116),
factors that tend to alleviate the pain (117), non-painful
sensations (118), and sensory deficits (119).

[0062] After filling out the Patient’s History Question-
naire, the clinician conducts a physical examination (108) of
the patient, guided by a standardized Physical Examination
Questionnaire, which specifies tests that should be per-
formed. The Physical Examination Questionnaire begins
with an assessment of changes in the skin, subcutaneous
tissue, and cutaneous appendages (120). However, a main
focus of The Physical Examination Questionnaire is the
investigation of the nervous system and the sensory system
(130) in particular. Guided by the Questionnaire, the clini-
cian thoroughly examines, for example, the patient’s
responses to specific mechanical stimuli (132) including
touch, pressure (134), a brush moved over the surface of the
skin to elicit dynamic stimulation of nerve fibers (136), and
pinprick (138). The Physical Examination Questionnaire is
discussed in more detail below, with reference to FIGS.
12A-12H.

[0063] The information obtained by the clinician and the
data-taker is stored in a database 71 of patient data and
patient profiles (FIG. 6A). The symptoms and signs are used
to construct a pain profile for the patient. The pain profile is
then analyzed by computer 173 (FIG. 6A) to detect pain
features and pain mechanisms, as discussed above. This
analysis provides a standardized evaluation of the patient’s
information (150, FIG. 8). Based on this evaluation, the
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physician can arrive at (or computer 173 can generate) a
mechanism based strategy for treatment of the patient’s pain
(152, FIG. 8).

[0064] As described above and illustrated in FIGS. 1 and
8, a mechanism-based assessment of pain enables determi-
nation of the pain mechanisms present in the patient and use
of these mechanisms as targets for the treatment of pain. So
far, few treatment options exist that are aimed at the specific
mechanisms underlying a patient’s pain. Some existing
drugs (180) that can be assigned to particular pain mecha-
nisms (13) are listed in FIG. 7. These include e.g., sodium
channel blockers like local anesthetics, carbamazepine, and
lamotrigine, which reduce ectopic activity. However, knowl-
edge about the effect of drugs on mechanisms involved in
the production or maintenance of pain is derived from
animal models. Current clinical assessment of pain does not
enable identification of pain mechanisms. For example,
carbamazepine or lamotrigine are currently prescribed based
on a clinical diagnosis, as for trigeminal neuralgia, or
empirically to treat brief pain attacks that are similar in terms
of duration and intensity to those pain attacks in trigeminal
neuralgia. Or they are used as an additive treatment option
for neuropathic pain in general, when pain appears resistant
to treatment with other drugs. The majority of drugs listed in
FIG. 7 are compounds that have not been used in the
treatment of patients but represent substances that have been
effective in animal models of pain, like inhibitors of MAPK/
ERK in conditions associated with an increased excitability
of sensory neurons.

[0065] A mechanism-based assessment of pain will
improve the transfer of knowledge about the efficacy of
compounds derived from animal models into clinical appli-
cation as it provides a method to design drug trials based on
a specific pain mechanism (FIG. 10). Patients may be
enrolled into trials only if they have a particular pain feature
that is mediated by a particular target for a drug’s action. A
mechanism-based assessment of pain is required, therefore,
to evaluate the specific efficacy of drugs on individual pain
mechanisms in a clinical trial (FIG. 10). This is required in
order to investigate and compare the effect of both existing
analgesic drugs and new analgesics in FIG. 7. If the patient
returns for further treatment and follow up care, the Patient’s
History and Physical Examination Questionnaires can again
be used, the updated information stored in the database 70
of patient data and patient profiles and used to compare
changes in pain features in the updated pain profile. The
evolution or change in the patient’s pain profile can be used
to monitor changes in the mechanisms responsible for the
pain and to determine the susceptibility of the mechanisms
to particular treatment strategies. The information obtained
during follow up visits can be used to evaluate whether the
treatment is in fact reducing the pain, and thus whether the
pain medication or dosage should be changed. Because the
information is in a standardized format, initial and follow up
data can be readily compared. Moreover, data from one
patient can be compared to data from other patients, e.g.,
patients receiving similar pain medication.

[0066] Referring to FIGS. 6A and 9-10, with suitable
precautions taken to protect patient confidentiality and after
informed consent has been obtained from the patients
involved, patient data stored in the patient database 180
(FIG. 9), or the derived pain profiles or pain features stored
in research database 182 (FIG. 9), may be shared with
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investigators 200 performing pain-related studies, ¢.g., stud-
ies evaluating the efficacy of pain medications (186), and/or
with pharmaceutical companies 202 specializing in the
development (188) of pain medications. This shared data
may lead to a beneficial exchange of information between
the investigators and/or companies and the clinician, with
possible benefit to the patient, for example new medications
or treatment protocols.

[0067] Information obtained from the clinician (and other
clinicians) using the Patient’s History Questionnaire and the
standardized Physical Examination to construct pain profiles
and identify pain features, can also be used by pharmaceu-
tical companies in designing new clinical trials performed
on participants to evaluate the efficacy of new pain medi-
cations. The results of such trials can be stored in research
database 182, and forwarded to the FDA (204) in the hope
of obtaining approval for the new medications.

[0068] The development of new drugs by pharmaceutical
companies (202) requires the establishment of biological
hypotheses about the mechanisms involved in the patho-
physiology of pain (224), e.g. the induction of COX-2 in the
central nervous system in conditions of inflammatory pain.
This hypothesis is tested in animal models (225), e.g. by
administration of COX-2 inhibitors to the central nervous
system. A mechanism-based assessment of pain will not
only facilitate formulating biological hypotheses, it will also
substantially improve the comparability of results obtained
in animal studies with findings in drug trials aimed at
proofing the concept in patients (phase 2 trials) (226).
Information on pain mechanisms, transferred to a research
database, can be used by the FDA to classify painful clinical
conditions according to their underlying mechanisms (228),
and to define new outcome measures (229). Standardized
outcome measures represent an important component of
guidelines (230) established by the FDA for the develop-
ment of drugs. These guidelines support the design of
large-scale drug trials, that are performed to assess the
efficacy and the safety of drugs in diverse clinical conditions
(phase 3) (227).

[0069] Investigators may use the Patient History and
Physical Examination Questionnaires in their own studies
and clinical trials. The data obtained from the study may be
reported to the FDA, e.g., if the research is being conducted
to obtain FDA approval, and/or may be reported in a journal
article.

[0070] Investigators and pharmaceutical companies may
also use information obtained from clinicians who use the
Questionnaires to develop other, similar questionnaires and
evaluation methods containing different sets of pain features
or pain profiles suited to their needs.

[0071] FIGS. 11A-11J show one example of a Patient’s
History Questionnaire that may be used to elicit, it from the
patient the information on pain-related symptoms discussed
above. Many other types of questionnaires can be developed
to elicit patient information.

[0072] Inthe Patient’s History Questionnaire (FIGS. 11A-
11J), an introductory question (Section Hi., FIG. 11B)
explores the patient’s current pain state. Subsequently, the
Questionnaire asks for the pain location (Section H2, FIG.
11B), which the patient is asked to indicate on an anatomical
drawing (FIG. 11C). Many patients describe the presence of
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more than one pain type. Consequently, the Questionnaire
asks the patient to assign the different pain characteristics to
a predominant “Pain No. 1” or a less disturbing or distress-
ing “Pain No. 2.” The two types of pain must be distinct in
terms of the type of pain sensation, their location or fre-
quency, or their temporal characteristics. If applicable,
patients may describe more than two types of pain on
separate sheets.

[0073] The following section of the Patient’s History
Questionnaire (Section H3, FIGS. 11B and 11D) investigate
the onset and time-course of the pain syndrome, e.g., when
the pain started, what seemed to cause it, and whether the
pain has changed over time.

[0074] In Section H4 (FIGS. 11D-11E), the Questionnaire
explores in detail the temporal characteristics of the pain.
Questions include, e.g., whether the pain is always present,
whether it ever suddenly, spontaneously worsens, how often
the pain or an increase in pain is experienced, how long pain
attacks last, and whether the patient experiences a series of
pain attacks.

[0075] In the next section, Section H5 (FIGS. 11E-11G),
the Questionnaire asks the patient questions concerning
evoked pain, i.e., what events cause the pain. For example,
the Questionnaire tries to lead the patient to distinguish
between pain evoked by mechanical stimuli, e.g., pressure
from touch or clothing, or thermal stimuli, ¢.g., cold air or
awarm bath. The patient is asked to rate the intensity of each
specific symptom in order to learn about the respective
significance of the symptoms.

[0076] Inthe version of the Questionnaire shown in FIGS.
11A-11, two different rating systems are used to rate the
intensity of pain, i.e., categorical (“none, mild, moderate, or
severe”) and numerical scales (“rate the intensity on a
numerical scale from 0 to 10”). Categorical and numerical
scales are currently widely used for global pain ratings. To
compare their usefulness in the evaluation of specific pain-
related symptoms, both types of scales are included in this
version of the Questionnaire. Fither or both scales may be
used, depending upon which is best accepted by both
patients and investigators in a given setting.

[0077] In contrast to conventional assessment tools, the
Patient History Questionnaire only briefly asks for descrip-
tions of the pain quality (Section H6, FIGS. 11G).

[0078] Next, the Questionnaire investigates what drugs,
non-drug treatments, and other factors tend to relieve the
patient’s pain, and what drugs and non-drug treatments have
been ineffective (Section H7, FIGS. 11G-11H.) Finally, the
Questionnaire investigates sensory disturbances other than
pain, e.g., itching, tingling, or paresthesiae, and the presence
of numbness (Sections H8 and H9, FIGS. 11H-11I). In
Section HY, the patient is also asked to mark any areas of
numbness in the anatomical drawing on the following page

(FIG. 11J).

[0079] Care has been taken to standardize the Patient’s
History interview. Each item of the Patient’s History Ques-
tionnaire provides a pre-selected set of answering options. If
a patient considers the options inappropriate, the patient is
given the opportunity to formulate alternative answers by
using her or his own words. Similarly, the Physical Exami-
nation Questionnaire (FIGS. 12A-12H) includes a set of
standardized questions with pre-selected answering options.
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Again, the Physical Examination Questionnaire shown in
FIGS. 12A-12H is but one example of the many types of
questionnaires that can be used to provide a standardized
examination. The Physical Examination Questionnaire pro-
vides a mechanism-oriented examination that is suitable to
be performed both by pain specialists, e.g., clinical pain
specialists and investigators in drug trials, and by physicians
who do not specialize in pain therapy. To facilitate use by
general physicians, the operational instructions for each item
of the examination have been kept as simple as possible
without losing information.

[0080] As discussed above, the Physical Examination
Questionnaire begins with an assessment of changes in the
skin, subcutaneous tissue, and cutancous appendages (Sec-
tion S, FIGS. 12B-12C). Skin changes, such as wounds or
scars, may be relevant as they can give a hint to the etiology
of a given pain condition. Furthermore, diseases like the
complex regional pain syndrome (CRPS) are characterized
by swelling, enhanced or reduced sweating, altered skin
color and sometimes trophic changes of hairs and nails.
Section S also investigates whether the patient is experienc-
ing pressure sensitivity of deep tissues (FIG. 12C). The
questions in Section S are formulated as “yes/no” questions,
with pre-selected choices of symptoms if “yes” is indicated.

[0081] The Physical Examination Questionnaire then
examines the nervous system and the sensory system in
particular (Section N, FIGS. 12D-12G). Guided by the
Questionnaire, the clinician thoroughly examines the
patient’s responses to specific mechanical stimuli including
touch, pressure, a brush moved over the surface of the skin
to elicit dynamic stimulation of nerve fibers, and pinprick.
Each stimulus is defined in detail to make sure that it will be
applied in a standardized fashion. For example, sense of
touch is measured by applying two von Freyfilaments, #11
(strength 2.75 g) and #15 (20.9 g), four times to the patient’s
skin and observing the response. Responses are rated using
categorical scales (e.g., “normal”, “decreased sensation”,
“painful sensation”). If pain is evoked by a given stimulus,
the pain is evaluated in the same manner as in The Patient’s
History Questionnaire, i.e., by applying both a 4-point
categorical scale and a numerical scale ranging from 0 (no
pain) to 10 (maximum possible pain).

[0082] During the nervous/sensory system evaluation, the
clinician also examines the patient’s sense of vibration
(FIG. 12E), sense of temperature (FIGS. 12E-12F) and
sense of position and passive movement (FIGS. 12F-12G).
The clinician tests whether the patient’s response to repeated
administration of calibrated mechanical stimuli changes
over time due to temporal summation (FIG. 12F). Option-
ally, the area affected by relevant findings in any of the items
of the Physical Examination Questionnaire may be indicated
on an anatomical drawing (FIG. 12H).

[0083] Referring again to FIG. 6, in some implementa-
tions a data storage 900 holds databases that are created and
used by applications running on a computer 173. The
databases include a database 71 that contains identifying
information and pain profiles of individual patients, a data-
base 70 that associates symptoms and signs and clusters of
them with pain features, a database 73 that associates pain
mechanisms with pain features and groups of pain features,
a database 902 that associates therapies with pain mecha-
nisms, and a database 904 that stores measures of outcome
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for various pain mechanisms. The software 906 running on
computer 173 includes a conventional operating system 908,
a database shell 910, and pain data management application
modules 912. One module 914 manages the input by a user
of symptoms and signs and other information to be stored in
the databases or that are otherwise required by the system.
A module 916 generates pain profiles from the user data. A
module 918 extracts pain features from the pain profiles. A
module 920 derives pain mechanisms from the pain features
and groups of them. A module 922 provides therapy infor-
mation based on the derived pain mechanisms.

[0084] Although we have described some examples
above, other embodiments are also within the scope of the
following claims.

What is claimed is:
1. A method comprising

accumulating information from a patient regarding a pain
or other sensation experienced by the patient, the
information being selected to be indicative of at least
one mechanism associated with the pain or sensation,
and

analyzing the information to determine one or more pain

mechanisms indicated by the information.

2. The method of claim 1 further comprising deriving a
pain profile based on the information.

3. The method of claim 2 further comprising analyzing the
pain profile to determine the presence of at least one pain
feature.

4. The method of claim 3 comprising determining a pain
mechanism based on the state of a pain feature.

5. The method of claim 1 wherein the information
includes the location of the pain or sensation as indicated on
an anatomical diagram.

6. The method of claim 1 in which the information
includes the depth of the pain relative to the skin surface of
the patient.

7. The method of claim 1 wherein the information pertains
to two separate pains and/or sensations the information
being selected to be indicative of one or more than one
mechanism associated with the pains and/or sensations.

8. The method of claim 1 in which the information
includes how long ago the pain or sensation started.

9. The method of claim 1 wherein the information
includes the time course of the pain or sensation.

10. The method of claim 9 in which the time course
includes changes of the pain or sensation over time.

11. The method of claim 1 where the information includes
the temporal characteristics of the pain or sensation.

12. The method of claim 11 in which the temporal
characteristics include the time profile of instances of the
pain or sensation.

13. The method of claim 1 wherein the information
pertains to a sensation other than pain.

14. The method of claim 1 wherein the information
pertains to events that evoke a pain or other sensation.

15. The method of claim 14 wherein the events include
mechanical stimuli.

16. The method of claim 14 wherein the events include
thermal stimuli.

17. The method of claim 1 wherein the information
pertains to factors that alleviate a pain or other sensation
experienced by the patient.
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18. The method of claim 1 in which the information is
accumulated using a questionnaire.

19. The method of claim 1 in which the information is
accumulated by eliciting the patient’s history using stan-
dardized questions.

20. The method of claim 1 in which the information is
accumulated by performing a physical examination accord-
ing to a standardized protocol.

21. The method of claim 20 wherein the physical exami-
nation includes an assessment of changes in the skin, sub-
cutaneous tissue, and cutaneous appendages.

22. The method of claim 20 wherein the physical exami-
nation includes an investigation of the patient’s sensory
nervous system.

23. The method of claim 22 wherein the investigation
includes examining the patient’s responses to mechanical
stimuli.

24. The method of claim 23 wherein the mechanical
stimuli include one or more of the following: touch, pres-
sure, a brush moved over the surface of the skin to elicit
dynamic stimulation of nerve fibers, and pinprick.

25. The method of claim 22 wherein the investigation
includes examining the patient’s sense of temperature.

26. The method of claim 22 wherein the investigation
includes examining the patient’s sense of vibration.

27. The method of claim 1 further comprising diagnosing
a pain syndrome based on the mechanisms determined.

28. The method of clam 1 further comprising treating the
patient based on the mechanisms determined.

29. The method of claim 1 further comprising analyzing
the information along with information accumulated from
other patients.

30. The method of claim 18 in which the questionnaire
includes questions having a pre-selected set of possible
answers.

31. The method of claim 1 wherein the information
pertains to the quality of the pain.

32. The method of claim 1 wherein the information
pertains to a sensory deficit.

33. A method comprising

accumulating information from a patient regarding a pain
or other sensation experienced by the patient, the
information being selected to be indicative of at least
one mechanism associated with the pain or sensation,
and

graphically or numerically representing a presence, rela-
tive amplitude, and absence of individual symptoms
and signs to create a pain profile for the patient.

34. The method of claim 32 further comprising analyzing
the pain profile to identify composites of symptoms and
signs that represent pain features.

35. A method comprising

accumulating information from a patient regarding a pain
or other sensation experienced by the patient, the
information being selected to be indicative of at least
one mechanism associated with the pain or sensation,
and
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identifying from the information composites of symptoms
and signs that represent pain features that are indicative
of a pain mechanism.

36. The method of claim 34 further comprising analyzing
the pain features to identify pain mechanisms responsible for
the pain.

37. The method of claim 35 further comprising diagnos-
ing a pain syndrome based on the pain mechanisms identi-
fied.

38. A method comprising

accumulating information from a patient regarding a pain
or other sensation experienced by the patient, the
information being selected to be indicative of at least
one mechanism associated with the pain or sensation,
and

performing a diagnostic or therapeutic evaluation of a
patient based on the information.
39. The method of claim 37 also including

at a later time, accumulating additional information from
a patient regarding a pain or other sensation experi-
enced by the patient, the information being selected to
be indicative of at least one mechanism associated with
the pain or sensation, and

performing a diagnostic or therapeutic evaluation of the
patient based on the additional information.
40. A method comprising

accumulating information from patients regarding pains
or other sensations experienced by the patients, the
information being selected to be indicative of at least
one mechanism associated with the pains or sensations,
and

performing an epidemiological study with respect to the
mechanisms associated with the pains or sensations
based on the accumulated information.

41. A method comprising

accumulating information from patients regarding pains
or other sensations experienced by the patients, the
information being selected to be indicative of at least
one mechanism associated with the pains or sensations,

selecting or modifying a drug under development based
on the accumulated information,

testing the drug on the patients,

accumulating additional information from the patients
regarding pains or other sensations experienced by the
patients, the information being selected to be indicative
of at least one mechanism associated with the pains or
sensations, and

iterating the testing and accumulating until a marketable
drug is reached.
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