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7H(posterolateral thoracotomy) + 52 Z4217|(retractor)
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Thoracotomy

Incidence at 3 Months: 95% Confidence Interval

Study Name

Miguel 1993 (32)
Perttunen 1999 (40)
Obata 1999 (37)
Tiippana 2003 (51)
Gwak 2004 (15)
Yang 2004 (59)
Maguire 2006 (29)
Suzuki 2006 (49)
Gotischalk 2008 (13)
Ju 2008 (20)
Salengros 2010 (44)
Ryu 2011 (43)
Miyazaki 2011 (33)
Song 2012 (46)
Mendola 2012 (31)
Kinney 2012 (26)

Pu 2013 (42)
Overall

33
84
58
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50
80
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44
112
98
38
133
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343
61
110
52

B T B B R B S N S

0.1

02

03 04 05 06 07 08
Incidence of Pain at 3 Months

57.3%

09

Incidence at 6 Months: 95% Confidence Interval

Study Name
Perttunen 1999 (40)
Obata 1999 (37)
Senturk 2002 (45)
Gwak 2004 (15)
Yang 2004 (59)
Suzuki 2006 (49)
Gottschalk 2008 (13)
Ju 2008 (20)

Katz 2009 (23)
Handy 2010 (16)
Salengros 2010 (44)
Guastella 2011 (14)
Song 2012 (46)
Mendola 2012 (31)
Kampe 2013 (22)
Overall

N
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58
69
50
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57
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Incidence of Pain at 6 Months

47.3%
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Confidence Interval

0.747 (0.637
0.500 (0.374
0,623 (0.504
0.360 (0.240
0.350 (0.254
0.386 (0.256
0.350 (0.264
0626 0523
0681 (0.536
0.292 (0.232
0.553 (0.395
0.809 (0.671
0.420 (0.369
0.228 (0.137
0233 0.143
0.473 (0.387

,0832)
,0626)
,0.729)
,0.501)
,0.460)
,0535)
,0.446)
,0.719)
,0.798)
,0.360)
,0.701)
,0.897)
,0.473)
,0.354)
,0.356)
,0.561)



Surgical approach — Thoracotomy

P ) |

Thoracic surgery is a common procedure for the
treatment of various diseases, including lung
cancer

It is usually associated with
persistent post-operative

\l
1/ | pain (PPP), which adversely
\ | affects the overall quality
\ of life of patients

What is the prevalence
and severity of PPP among
patients undergoing
thoracic surgery? [i&:]

Systematic review and meta-analysis

, MEDLINE, Embase, and . 4"
| CINAHL databases \>
/ searched 2

. 90 studies on PPP after < 7 /7 . Pooled prevalence
| thoracic surgery, involving >\ 3 and characteristics
' 19,001 patients, included 7 estlmated

Severe (2210 raing)

Moderate to severe
(249 eatieg)

Patients requiring opioid Patients with
analgesics for PPP neuropathic pain

One in three thoracic surgery patients
developed PPP (pooled overall

Severity of PPP
prevalence 38.1%)

Factors affecting the development of PPP
No effect

Mean National ) P
° duration of ﬁ‘? per-capita S
\ ‘ gender
surgery income

PPP has significant prevalence among thoracic surgery patients within a year
post-surgery, and advanced clinical practices are required for better pain
management and improved treatment

Significant effect
Type of surgery -

(open thoracotomy ~ | Mean follow-up
or video-assisted duration

thoracic surgery)

Wang et al (2023)

Prevalence and Characteristics of Persistent Postoperative Pain after Thoracic Surgery: A Systematic Review and Meta-analysis



Mechanism ()

Tissue Damage
Inflammatory Response

Surgical trauma triggers
inflammatory cascades that
increase peripheral nerve
excitability and can lead to centr
al sensitization in the spinal cor
d.

Direct surgical trauma to skin,
muscle, fascia, and pleura release
S

inflammatory mediators
(prostaglandins, histamine, cyto-
kines) that sensitize nerve endin
gs and amplify pain signals.

Raprusentative
| meopics
TrkA
UK,
5-HT,
P2X,
ASCIVRN
| PGE/CBIVRAY
VRINA .4
| DEGVE ASIC/BNC




Mechanism ()

Intercostal Nerve Injury
Pleural Irritation

Opening the pleural space and
chest tube insertion irritates th
e highly sensitive parietal pleur
d,

generating intense, breath-
dependent sharp pain.

_

Rib retraction and surgical
manipulation can stretch,
compress, or directly damage
intercostal nerve, causing shar
p shooting pain and numbnes
S

along nerve distributions.

Chest Tube Placement

Orientation

GES ARE COPVRIGNTEIE)‘ Postoperative

S VISUAL SOLUTIONS. View
HT LAW ALLOWS A $150,000
Y FOR UNAUTHORIZED USE. ¢ 2008 Golgeon Group, e
CALL 1-877-303-1952 FOR LICENSE,




Surgical approach — VATS
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Surgical approach — VATS

Postoperative pain and quality of life after lobectomy via
video-assisted thoracoscopic surgery or anterolateral
thoracotomy for early stage lung cancer: a randomised

controlled trial

Morten Bendixen, Ole Dan Jergensen, Christian Kronborg, Claus Andersen,

Lancet Oncol 2016; 17: 836-44

1000 = I WaTs
o I nteralatersd thossentoomy

9 00001

8o+
£ ]
g .'|"|'.'| n=5F
£ 60
d 42
3 507 .
§ 40 34 n=33
% 30 m=lg

=13
20 - n=l3 n=ld N i
I1 3 n=10 -E n-E n_:r ! El
a
Day 1 I Duay I 7 weeks I 4 weeks I Boweeks 26 weeks 0T weeks
Numberofpatients Fallow-up tirmepaint
with data available
WATS 8y 23 4 79 23 B4 o 7B
Anteralateral tharactormy g By 76 5] 72 75 74 (=141

Figure 2: Proportion of patients with moderate-to-severe postoperative pain during 52 weeks of follow-up
Moderate-to-severe pain was defined as pain that scored at least 3 on the numeric rating scale. p value is for a between-group comparison of the proportions of
patients with moderate-to-severe pain over time as analysed by ordinary regression. VATS=video-assisted thoracescopic sungery.



Surgical approach — VATS

NEJM

Evidence Parallel-group multicenter randomized trial

ORIGINAL ARTICLE .F

Video-Assisted Thoracoscopic or Open
Lobectomy in Early-Stage Lung Cancer

Authors: Eric Lim, FR.C.S. (C-Th) 8, Tim |.P. Batchelor, F.R.C.S. (C-Th), Joel Dunning, F.R.C.S. (C-Th),
Shackcloth, F.R.C.S. (C-Th), Vladimir Anikin, F.R.C.S. (C-Th), Babu Naidu, F.C.R.S. (C-Th), Elizabeth Be
Th), +3 | for the VIOLET Trialists®* Author Info & Affiliations

Published January 18, 2022 | NEJM Evid 2022;1(3) | DOI: 10.1056/EVID0a2100016 | VOL.1 NO. 3

A total of 143 (59.6%) patients in the VATS group experienced
prolonged incision pain compared with a total of 175 (72.3%)
patients in the open-surgery group. (RR 0.82, 95% Cl 0.72 to 0.94;
p =0.003)

B —
E g Day 1: Mean difference=-0.02 (-0.46, 0.41}
@ ; Day 2: Mean difference=—0.54 (-0.9%, -0.08)
c _
2
I
- 5 =1 T -
B 1 I Open | I
o 44 L ol i
= ————— 1
;g 3 VATS oY I
|
= 27 |
141 T - 1
I:I i *_ -
L ]
Baseline Cray 1 Cray 2
WATS: 237 FE L] 225
Open: 247 247 233
B .
|
Intracp local infusions = 1.06 [0.89, 1.26)
|
Postop lacal infusions HJI| 0.90 (0.79,1.03)
|
PCA [morphine equivalents) F—a 0.%2 [0.75, 1.12)
|
Opiates (maorphine equivalents) .= : 0.7% [0.69, 0.91)
|
Ibuprofen bt 1.06 [0.74, 1.51)
|
Paracetamel IQEI 0.%6 (0490, 1.02)
|
Gabapentin —a— 0.82 [0.58, 1.15)
|
|
Pregabalin A i 0.44 [0.29, 0.67)
|
Lidocaine patches I—:—I—' 1.13 [0.69, 1.84)
|
Crverall g .90 [0.80, 1.01)
T T I L
0.25 0.5 1 2
Fawors WATS Favars open

Mean ratio (95% C1)
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=

RVlob Trial

£ .
g }f
5 e
PEER
5 }
2 1
= |
k] |
g
g 1 Mean Difference (95% Cl)
§ f 4wk 0.304 ( 0.005-0.604)
= | 24 wk 0.031 (—0.203~0.264)
48 wk 0.034 (—0.196~0.265)
0 T T T T T
1 day 1 4 24 48
Time (weeks)
Number of patients with data available
RAL 157 144 139 130
VAL 163 153 143 134
RATS VATS Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Catellietal, 2023 092 035 25. 4% D35 50 2.0% -0.25[-0.42,-0.08]
Jinetal., 2023 (RVIoh) 2087 0111 157 2431 0108 163 978% -0.33[0.36,-0.31]
Patel et al. 2023 (RAVAL) 2.82 20 81 284 184 B3 02% -0.02[062 058
Total (95% Cl) 263 296 100.0% -0.33[-0.36,-0.31]
Heterogeneity: Tau®= 0.00; Chi*=1.96, df= 2 (P = 0.37); F= 0% = f . = =
S -100 -50 0 50 100
Test for overall effect: £2=27.39 (P = 0.00001) RATS VATS
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= Transduction — Transmission — Perception — Modulation: ZF &HA| = ZIEX|2| 2t H9|

Perception
3 order neuron

EENESNE—— | von

thalamocortical v &
projections Anterior cingulate Emotional
s
<= ]
/'; o S~
,fkﬁ = "~ A& nociceptors
i % 2N C/Ad peptidergic fibers
J \ C non-peptidergic fibers
Descen'ding Inhibition/Augmentation i, R & A hair follicle afferents
; * Peripheral receptors = X AB hair follicle and tactile afferents
Modulation * Dorsal horn v d
Periphery * Endogenous descending pathways \
Medial spinothalamic Spinal cord
tract carries motivational Supraspinal
and affective nociception v
towards the medial
thalamic nuclei @ vi
X,
W Vil
Lateral spinothalamic tract Transmission
ascending towards the VPL l vill
nuclei of Thalomus [ Afferent 2+4 order neurons \
Towards ipsilateral dorsal horn £
Dorsal horn &  Synapse with WDR neurons
o~ IX
Tragcu’on Inflammation  { Tissue injury
0Xi0 Mechanical
l g it ""/‘;"“1 . G Chemical
@ww H‘% Thermal
Spinothalamic tract R
<7 1,.};'::;:;}'"‘;{?:::;” Chemical mediator
- . Ad and C fibers petea

Karcz M, Abd-Elsayed A, Chakravarthy K, et al. / Pain Res 2024:17:3757
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= Transduction — Transmission — Perception — Modulation: Z} THA|

fIX-Z2E + M-
eSS

« Al opioid (u)

« Acetaminophen (5 3F)
« a2 agonist - Er=0t

e WS- MELME|N FH|

Perception

3 order neuron
thalamocortical
projections

<}

Somatasensory cortex Intensity
\ \'
Anterior cingulate Emotk{nal
e

Localization

@ Descending Inhibition/Augmentation
* Peripheral receptors
Modulation «  Dorsal horn

=% 7bxb o X ending pathways
Medial spinothalamic - WI -
tract carries motivational S _7'; EIT = i V)il nl_d = p L 1I
and affective nociception Q. 2 101
towards the medial * o0 | = OpIOId
thalamic nuclei » Ketamine (NMDA)
Laterol spinothalamic tract » Gaba pentinOidS (0(26)
ascending towards the VPL . A
nuclei of Thalamus . ol aQOHISt (x_-ll T) e \
1owaras ipsuaierai aorsal horn
Dorsal horn & Synapse with WDR newrons
— |

U™ Xtk » 3 ZHE of it
spinothalomictrace 1 23 KFEFHICNB-PVB-ESP-SAP
o ZEre| A 0HF K|

e Lidocaine IV

4 [ — ~Adnociceptors
1l > TN C/AS peptidergic fibers
J C non-peptidergic fibers
. A hair follicle afferents

"X AB hair follicle and tactile afferents

vil

Vil

X

AZ ME KT o 1% BZ
Trar%cn’on Inflammation  f Tissue injury J-l-l'?_l 0“5!_!-
Noxious Mechanical ‘ NSAlDS (COX Q'-Ix-”)
L VW ) Gl o ZAOHE| Y HR
P:'”"”"’ﬂf"""’ Chemical mediator » Dexamethasone
o s REVE SRR

Karcz M, Abd-Elsayed A, Chakravarthy K, et al. / Pain Res 2024:17:3757



" SS2 &Y BRMT WYX 253

5t Z%} (Peripheral sensitization)

HS Oi70A| '=2'2| ZH|

AR RXLAZNM|E: PGE,(COX-2),
bradykinin, histamine, 5-HT, H*/K*,
ATP, NGF, IL-1B, TNF-a
£714-27|(As-C) 24 57}
TRPV1-Nat* E2 QIS AskR A —
AX| Xof, Xrd L3t ‘=&t
2t

1xt SZt}21 (primary hyperalgesia)
=4 29 XEA|Q| o2l —
NSAID-dexamethasone- =4

S

2ol

OrO _ A|

== ZF&F (sensitization)
AA XA 7L SE7|

-

Central Sensitization
(Hyperexcitability)

Brain Remodeling
(Altered Connectivity)

-————
- -~

/ Primary
/ Afferent

CAMKII
PKA / PKC

Projection to Brain
Secondary Afferent

-
e ————

Intense Tissue Injury
and Inflammation

OO

&)

e ee
Peripheral

Nociceptors

Primary
Afferent

I

Peripheral Sensitization
(Hypersensitivity)

Spinal Cord

HHEE| X4 C AR Y3
AL
S8 5 XA 24, STNIE Y, B
AL —
=X 42 45 5 E5

s 22 wEo| 7y

glutamate — NMDA(Mg?* Xt Sl &)
— Ca** §¢, wind-up-LTP;
substance P-CGRP; microglia &4
(RDNF)

27t SZtal - O|AS - Dhds}

=4 =H F4o 20| ninl, ZZ2HAB)
0| 8BLE offA — A HOF
-ketamine-gabapentinoid- o[+ Zl
=Y =

Bazzari AH, Bazzari FH. Egypt J Neurol Psychiatr Neurosurg 2022;58:38
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Chronic post-surgical pain (CPSP) — 0t
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Fundamental principles —

+ TOR + 7| S0f HOLoRY + BE o2, 1}

Oferd T
SH —re

7| £of t[otetd TISH| (acetaminophen
+ NSAID) — 27| gl= 2= &kx}

Cl=seH Oj2t0|=

FS2% TS| Ml 7x| &=

=itz oY — 7| £¢ (around-the-clock, g6h)
£5 1 AN — = B A& (PRN)
("valley") I \ I, \
/.‘\ ] \ ! \
AN I \ \
I

I
I
I
I
I

@ Around-the-clock: 12A[Zt 0|2} X|&£E|l= &F — FaliTl AlZtof| =0,
S22(2t = HA

@ Preventive: ZH&F St ™, = M-SEE A=

3 Opioid-sparing: 7|X0| C}2 2Fx|-7



Regional techniques — {14013 7|
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Latissimus dorsi
Teres major

Subscapularis
Infraspinatus 3

Sympathetic Chain

Intercostal nerve

Lateral cutaneous branch of ICN

Scapula

Trapezius

Rhomboid major
Erector spinae

Serratus anterior
External intercostal
Internal intercostal

Innermost intercostal

Pectoralis major

Pectoralis minor
Transversus thoracis

Teres major,
Subscapularis
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2AOR{HIS] AL23} HA S (LAST)

* O XtEO|E =AE SES Ty

- Z|0} (w2t E FaxX|):

bupivacaine-levobupivacaine 2f 2-2.5 mg/kg,

ropivacaine 2f 3 mg/kg,

lidocaine 2F 4.5 mg/kg (epinephrine & 2F 7 mg/kg
o

LAST (Local Anesthetic Systemic Toxicity)

- AEA A

oA X5t - =
= oA

7t

AM= epinephrine 2%, H|2|&8 1124




H|Oot2k e XI=X| — acetaminophen2} NSAIDs
= 7|M0| ChE F AE2 H7| ¢ = L5289l 7|t

A Arachidonic Acid .
cox1 NSAIDS Acetaminophen

PGH: - J|W: 22 SFMEA FE, S5 g9X| 45/ 4ES A& 0|0
- g L= 2Ho| 7|& oA / B7|(around-the-clock) £0 — YX 5t X1, OfeHd Q412 Za
s s e e W - B2-8F o= XS YW > FL Mt/ Mol 4 1gqg6h, Y T4 9
TR S S S . R0l ZFHE NAS DE-OHY 85 — (Y 39 0[50 / ZEH = Sof ol

PGD:2 PGF2« PGE:2 PGI2 TXA2

DP,DP2(CRTH2) FP  EP1,EP2,EP3,EP4 P ™

NSAIDs

+ 71%8: COX | — prostaglandin Md XI&H/ B d2 2 =2 (AAP-OF40| X 5t= )
- EF:H|IMEHX NSAID(HM-ZT), COX-2 MEHE of x| x|

MEbMof| 2t &2k A a4 u Fe 40|

-« gE HU| RO - Ok 7% L4/ EI7|IZHE Y =) A Y&

- T MV|s Mot MY, Aot HY-E8 EE, o{dd 2, IS EE, ofAm(E ol M4

B

Inhibitory
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HZX oF= (adjuvant analgesics) — 27{0j| L}2} MEiXO =

A CHERY 7|2 24 — |2 HEHEA: _
j 1 I-i 9 ;l _: = BlEtT A X2, S5 A0k H
=M £5-0tM3) ofet S0t 0j0] — MEHH

Gabapentinoids (gabapenti a26 Zgl/ MAHS ME, 0|2 Ot

n, pregabalin) N EZS ot A g A) / 1¥%-M7|s Kot &
o
_ NMDA 43t /| =5 Zi=&E o F| OfefM _ 3tzk-ots Q. AlHF Ak
Ketamine (X2%) S selerEnH TS O LM, Al ES Ot EX HH YT
= a |E =) I'
Dexmedetomidine o2 A2 / TE-FlF, Ofd M s=S-AeEHE/MHU 44 Vs Aol Mt SR 3 A
S8 2= 24 M/ AY01F S7HAI O] JA =4 / CHE AL A|2F
. . 1= =1C =|'0:|£ =T TE — T | T = - L o — T
IV Lidocaine Na SE &I, SES of Zaf SHA}
— OO Hi—
CHs| E0f > PONV-EZ ZHA / CEEQHO| ST AR / XFAF 74 ©
st = H} — T oo O S Hd =0 oo oo oo TH1T
Dexamethasone etES, PONV Of|Y =5 Z3t Ci3| 2ab0M LS
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Opioid side effects

'\
CONSTIPATION NAUSEA & VOMITING PRURITUS (ITCHING) SEDATION/
RESPIRATORY DEPRESSION

Almost universal. Can be managed Can range from

laxatives should be medications with epidural opioids unsafe levels of

started proactively sedation




Video-assisted thoracoscopic surgery
Robotic-assisted thoracoscopic surgery

Less invasive
surgery

“Around-the-clock” policy
“Opioid-sparing” policy

Nonsteroidal anti-inflammatory drugs
Acetaminophen

Enhanced Recovery After Surgery

Physiotherapy
/psychelogy

Medication

Transcutaneous nerve stimulation Gabapentinoids
Electroacupuncture Post-thoracotomy pain s
Cognitive behavioral therapy
Epidural
Sex/age Block
Preoperative pain Patient Regional :;\:arzg;tjégefve
Pain catastrophizing characteristics analgesia

Erector spinae plane
Serratus anterior plane

Genetics
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Take-home messages — 7| et C}Al 7}X]
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