


Long term implications: Hyperalgesia
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Invasive procedures in Preterm children: Brain and

cognitive development at school age

Number of Invasive Procedures <74
Number of Invasive Procedures >74

105-
100 .

g
wn
o
1 =)
f-)
w
=
=]
<

0.64 0.66 0.68 0.70 0.72
Adjusted fractional anisotropy

Vinall et al. Pediatrics 2014:133:412-421



chronic post surgical pain

O The pain must develop after a surgical procedure
U The pain is of at least two months duration

O Other causes for the pain have been excluded

O The possibility that the pain is from a pre-existing

condition has been excluded

Macrea & Davies, 1999



prevalence persistent post surgical pain

Amputation
Thoracotomy
Cardiac surgery
Breast surgery
Hip surgery
Hernia repair

Ceasarean section

30-50
30-40
30-50
20-30

10
10

50-85
5-65
30-55
20-50
12

5-35

27-30
52
44
48
28
12

50-85
16-21

47
12
12

4-10



Pain signals to brain a!
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(through primary afferents) .
view

Normal
acute pain

Nature Reviews | Neuroscience

Milligan,Watkins, Nature Reviews Neuroscience 10, 23-36 (2009)



Van acute naar chronische pijn, 9-10-2012

From a neuron centric
view to a neuron-glial
view

Microglia

Astroglia

L( A-fiber afferent

—— descending (supraspinal) axon
O Nociception-specific projection neuron
O Wide-dynamic-range projection neuron
L( Nociceptor/ C-fiber afferent

@—= PKC-y interneuron

Do—

1t

*

Inhibitory interneuron Berger JV, Knaepen L, Janssen SP, Jaken RJ, Marcus MA, Joosten EA, Deumens R.
Excitatory interneuron 2011 Cellular and molecular insights into neuropathy-induced hypersensitivity for
mechanism-based treatment approaches

Brain Res Rev. 67(1-2):282-310

glial cell



(a) (b)

A-GC fiber 'pain’
Mormal signals
substance P
releass,

EAA release

i/

Fain message to brain
via PTNs
Pain stimulus
(c) o | (d)
: Mon-existent :
: glia | /
i I
e Incoming
A-BC fiber 'pain’
ME-1 B
Enhanced ~ Sgnals

substance P
release,
EAMA release

TREMS in Neurcsclences

Watkins et al: Trends in Neuroscience 2001, 24: 450-55



Transition from acute to chronic Pain

Migratory

microglia - Autocrine
) - stimulation
Protein aggregates S ) Dead cells

Proinflammatory sigylsv ~ad Qs:alned inflammation
7 Fully activated

Resti '
micror;?ia R / microglia

Neurotrophic and GIutéhate
damaged neuron protective factors

e.q., ATP, CX3CL1 Inflammatory signals
e.g., TNF-«, IL-6, NO

Damaged neurcn

First stage: ) Second stage:
microglia activation astroglial activation

From: Monk PN and Shaw P (2006) Nat.Med. 123, 885-887



Microglial cell

TLR2, TRL4

CCL2

Afferent == 2. —
terminal
P =
& “» ]
4 ¥ S
Fractalkine n
"
Transmission neuron
b ATP
Microglial cell
Microglial cytokines such  P2RX4
as IL-1B, IL-6, IL-10, TNF and
TGF-B may act directly
on the central terminals of
primary afferent neurons and
on dorsal horn neurons
BDNF
Afferent \ Inhibitory
terminal interneuron
GABA\‘J
@
3
GABA, receptor 5
£
Transmission neuron 2

The first stage:
Activation of
Microglia

1. Chemokines:
CCL2/CCR2

2. ATP and Purinergic receptors

3. Toll like receptors

Activated microglia and pain?

The neuropathic pain triad: neurons, immune cells and glia
Joachim Scholz & Clifford ] Woolf
Nature Neuroscience 10, 1361 - 1368 (2007)



http://www.nature.com/neuro/journal/v10/n11/full/nn1992.html

Transition from acute to chronic Pain

Migratory

microglia N Autocrine
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From: Monk PN and Shaw P (2006) Nat.Med. 123, 885-887



Activated astrocytes and Pain

Injuries

00

\s

@ Nerve injury
@ Tumor invasion

Before injury After injury

e Tissue injury

Skin
muscle Spinal cord
joint
b Primary afferents
TNF-at ;
-1 3 ATP Chronic pain
° Glu .
Activated ° <
astrocyte ° ° P T
a == Q o © e e oo
® AMPAR
. ' : e% o | Excitation |
Autocrine loop .

| Inhibition
GABAR _Glyﬁ

Spinal cord dorsal horn neuron

Astrocytes maintain the central sensitization proces Autocrine loop: bFGF
among other things CS induction: Il-1B

Gao Y-J and Ji R-R (2010) Targeting astrocyte signaling for chronic pain. Neurotherapeutics 7: 482-493



Regional anaesthesia to prevent chronic pain after

surgery

Hand search and other sources 2473 Database search 4481
Conference proceedings 2101 MEDLINE 2047
Reference lists, links... 372 EMBASE 1185
CENTRAL 991
CINAHL 258
A4
Excluded 2468 Excluded 4337
Duplicate 175 Duplicate 1184
Irrelevant/review/not RCT 2293 5 14Z| Irrelevant/review/not RCT 3153
v
- - Full paper review Excluded
Ongoing studies 6 ;‘_ 149 articles | Not pertinent/prospective
N

Included 23 Excluded studies listed 63
Shoulder 1 Reporting only on complications 3
Thoracotomy 4 Regional vs regional anaesthesia 15
Breast cancer surgery 4 No pain outcome 4
Plastic surgery of the breast 1 Follow-up less than 3 months 28
lliac crest bone graft 1 Comparison of adjuvant therapy 4
Laparotomy 2 Non-randomized study on children 1
Caesarean 2 Pseudo/non-randomized 6
Hernia repair 2 No regional intervention 2
Prostatectomy 1
Vasectomy 1

Limb amputation 4

Andreae M H, and Andreae D A Br. J. Anaesth.
2013;111:711-720

© The Author [2013]. Published by Oxford University Press on behalf of the British Journal of B Al . - :
Anaesthesia. All rights reserved. For Permissions, please email: 4 British Journal of Anaesthesia
journals.permissions@oup.com




orest plot tavourea eplaural anaestnesia tor the
prevention of PPP

outcomes at 6 months after thoracotomy with an OR of 0.33 (95% CI 0.20-0.56) and paravertebral block for
breast cancer surgery with an OR of 0.37 (95% CI 0.14-0.94), respectively

Favours regional  Conventional pain control OR OR
Study or subgroup Events  Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.1.1 Thoracotomy (epidural analgesia)
Ju 2008 26 48 31 43 434%  0.46[0.19,1.10] —
Lu 2008 9 62 12 28 31.4% 023[0.08,063] —®—
Senturk 2002 25 46 18 23 252%  0.33[0.10, 1.04] —r
Subtotal (95% Cl) 156 94 100.0%  0.34[0.19, 0.60] @
Total events 60 61

Heterogeneity: 12=0.00; y2=1.04, df=2 (P=0.59); 2=0%
Test for overall effect: Z=3.69 (P=0.0002)

1.1.2 Breast cancer surgery (paravertebral block)

Ibarra 2011 5 15 7 14 39.3% 0.50[0.11,2.24] L
Kairaluoma 2006 5 30 12 30 60.7% 0.30[0.09,1.000 — W
Subtotal (95% CI) 45 44 100.0%  0.37[0.14,0.94] N
Total events 10 19

Heterogeneity: 12=0.00; 2=0.27, df=1 (P=0.60); 2=0%
Test for overall effect: Z=2.09 (P=0.04)

Andreae M H , and Andreae D A Br. J. Anaesth. 0.1 02 05 1 2 5 10
2013;111:711-720 Favours experimental Favours control

© The Author [2013]. Published by Oxford University Press on behalf of the British Journal of B 2’1 . . .
Anaesthesia. All rights reserved. For Permissions, please email: 4 Eritish Journal of Anaesthesia
journals.permissions@oup.com




Pharmacotherapy for the prevention of chronic pain after surgery
in adults
1.Luis Enrique Chaparro?, et al. Published Online: 24 JUL 2013

We identified 40 RCT for various pharmacological interventions including
intravenous ketamine (14RCTs), oral gabapentin (10RCTSs), oral pregabalin
(5RCTs), non-steroidal anti-inflammatories (3RCTSs), intravenous steroids
(3RCTs), oral N-methyl-D-aspartate (NMDA) blockers (3RCTs), oral
mexiletine(2RCTSs), intravenous fentanyl (1RCT), intravenous lidocaine
(1RCT),oral venlafaxine (LRCT) and inhalednitrousoxide(1RCT). Meta-analysis
suggested a modest but statistically significant reduction in the incidence of
chronic pain after surgery following treatment with ketamine but not gabapentin
or pregabalin. Results with ketamine should be viewed with caution since most of
the included trials were small (that is<100 participants per treatment arm), which
could lead to the overestimation of treatment effect



Van acute naar chronische pijn, 9-10-2012

Early growth response
1 (EGR1) by a 23-BP
DNA decoy (AYX1)

From a neuron centric
view to a neuron-glial
view

L( A-fiber afferent

—— descending (supraspinal) axon

O Nociception-specific projection neuron

B— Wide-dynamic-range projection neuron M icrogl ia
L( Nociceptor/ C-fiber afferent

@—= PKC-y interneuron

Do—

—i—

*

Inhibitory interneuron ASt r0g| ia

Excitatory interneuron
Berger JV, Knaepen L, Janssen SP, Jaken RJ, Marcus MA, Joosten EA, Deumens

R. 2011 Cellular and molecular insights into neuropathy-induced
hypersensitivity for mechanism-based treatment approaches
Brain Res Rev. 67(1-2):282-310

glial cell



AY X1 efficacy in the CFA model
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From: Mamet et al. (2014) Pain 155, 322-333
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Is this a clinical applicable therapy?

RS Ulrich, 1984
View through a window may influence
recovery from surgery. Science 224:4220-421

facing a brick building
Patients with window view on nature wall
(Enriched Environment) (Restricted Housing)

shorter hospital stay _ _ ,
_ Yes, enriched (healing) housing
use of |eSS ana|geS|C is a clinical applicable therapy
: and affects the neuron-glia
less complain to the staf

interaction
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Is this a clinical applicable therapy?

RQ: Is it possible to modulate such a complex glial-
neuron interaction as noted during the transition from
acute to chronic pain without using pharmacological
interventions?

Answer: Yes, it seems that housing does change the
complex glial-neuron interaction and interferes with the
transition from acute to chronic pain.




Modulation of the glia-neuron interaction: non-pharmacological?
T=o:
injection of amg of carrageenan in the right knee of the rat

Enriched

Restricted .
Environment

Environment

} REd UCt|On in the duration of pain

Anne Gabriel (2009): Effect of housing in an enriched environment on the recovery from experimental inflammatory pain.



Modulation of the glia-neuron interaction: non-pharmacological?

Grey value
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predictors of persistent post surgical pain

o study 1:
1490 hospitalized patients, various surgical procedures
6 months follow-up

U study 2:
1000 day surgery patients, various surgical procedures
12 months follow-up

0 Study 3:
500 patients with hysterectomy
3 & 6 months follow-up

surgefy follow-up

A
y — —

[l T

preoperative acute
assessment

6 months



Annals of Surgery » Volume 245, Mumber 3, March 2007

Somatic and Psychologic Predictors of Long-term
Unfavorable Outcome After Surgical Intervention

Madelon L. Peters, PhD,* Micha Sommer, MD,T Janneke M. de Rijke, PhD, 7

Fons Kessels, MD, MSc,} Erik Heineman, MD, PhD,§ Jacob Patijn, MD, PhD, 7
Marco A. E. Marcus, MD, PhD,7 Maarten van Kleef, MD, PhD, 7 and Johan W. S. Vlaeyen, PhD*

QOutcome:
increased pain at follow-up

Predictors:

surgery-related & clinical

U demographics: sex, age, education

U pre-operative pain, ASA grade

O duration of surgery

U type of operation: minor, intermediate, major

O anatomical site

U type of anesthesia (general, locoregional, both)

psychological

surgical fear

pain catastrophizing
optimism
self-efficacy

DoO00

main predictors:

odds ratio’s
Study 1

More extensive

_ 2.6
operation
Duration of surgery 2.0
Pre-operative pain
Acute Pain Intensity 3.2
Surgical Fear 1.9
Catastrophizing (+)
Optimism (+)




Clin | Pain « Volume 28, Number 9, November/December 2012

Preoperative Anxiety and Catastrophizing

A Systematic Review and Meta-analysis of the Association With
Chronic Postsurgical Pain

Maurice Theunissen, MSc¢* Madelon L. Peters, PhD,T Julie Bruce, PhD,}
Hans-Fritz Gramke, MD, PhD,* and Marco A. Marcus, MD, PhD*

29 studies included: 16 positive association
13 no association
0 negative association

pooled OR: 2.1

(95% Cl: 1.5 — 3.0)
N=14




consistent predictors

O type of procedure

O younger age

O pre-operative pain

O high levels of acute pain

O psychological factors (anxiety, negative cognitions & expectations)
O (genetic factors)

O (pain sensitivity / pain modulation capacity (QST, CPM))



Eur J Pain 16 (2012) 901-910
Development of a risk index for the prediction of chronic
post-surgical pain

A. Althaus', A. Hinrichs-Rocker’, R. Chapman?, O. Arranz Becker?, R. Lefering', C. Simanski*, F. Weber?,
K.-H. Moser®, R. Joppich’, S. Trojan’, N. Gutzeit', E. Neugebauer'

Chronic post-surgical pain

pre-operative pain in the operating field 100% -
B2%
: _ : : —

other chronic pre-operative pain - 71%

: : e0%
post-surgical acute pain

37%
: 40% 1 30%
capacity overload
20% 1 12%
comorbid stress symptoms 0% J | | | | |
o 1 2 3 4 5

Number of risk factors presented (0-5)



The Journal of Pain, Vol 14, No 8 (August), 2013: pp 854-864

Are Psychological Predictors of Chronic Postsurgical Pain
Dependent on the Surgical Model? A Comparison of Total Knee
Arthroplasty and Breast Surgery for Cancer

Anne Masselin-Dubois, **' Nadine Attal,*"** Dominique Fletcher,*™*** Christian Jayr,*
Aline Albi,¥ Jacques Fermanian,!! Didier Bouhassira,*"""* and Sophie Baudic*'"**

O TKAnN=89; breast. n=100
O PPSP: average pain at 3 months > 3 (0-10 scale)

O  Neuropathic pain: DN4 at 3 months > 3 (0-7 scale)

Predictors PPSP:
O older age

O acute post-operative pain (day 2)

O state anxiety & catastrophizing




acute pain > Acute Pain Service

Ready et al. 1988
Maier et al 1994

<20 %

of all patients should experience severe pain after 1997

< 5 % by 2002

Audit Commission (UK), London 1997

Post-operatieve pijn: een up-date



Working together
A defenition what is quality. An agreement how to work
together and all should have the same passion to reach that
goal.

act plan




