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REVISITING PARACETAMOL IN
PERIOPERATIVE CARE:

EVIDENGE AND
EVOLVING PRACTICE
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Revisiting Paracetamol in Perioperative Gare:
Evidence and Evolving Practice

un. Yaswa Asanwasuiuui
Paracetamol  tHuguivananldfildiuinegnsgnuuRaus
U ma 1893 lesiveniaaife  N-acetyl-para-aminophenol
wagluansgousniinissunaiedoadiydndenilefe aceta-
minophen  snilifumuslaivesenlugumiiidinisendnnisly
luda 2 vfa Ae acetanilide Faudu antipyretic agent
aa Y o 0§ Ya . . .
inataAeslun1svilafa methemoglobinemia Wag phenacetin
= Y = @ a 1 ' < a v
Faduswihausiinalduiivaslalazneuziss  anudeulunisly
paracetamol  tHuguivnaalidafiuuniuilaniosinaanu
Uaoadefgendngnlugum

FUN FACT OF THIS OLD FRIEND

) Chemical name: N-acetyl-para-aminophenol

U Two
Q Par
0 Acetaminophen (N-acetyl-para-aminophenol)

[ Age: 133 years-old (introduced in 1893)
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[ Common metabolites of two older drugs

O acetanilide — accidentally found its antipyretic property during development of antiparasitic agents
but freq o lobinemi
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O phenacetin = analgesic agent with nephrotoxicity and carcinogenicity
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fausin paracetamol sdueniildfusnesiseniu winalnlu
mseengvisiitmaustliuiinsuunin Taeduiivgh  paracetamol
finalnuanlunisesngnifissuuuszama:unatseg1esnimag
Tawdugensdaasiedl prostaglandin saudsiiniseangminiiu
serotonergic pathway %8 cannabinoid receptor agalsfnu
laimudn paracetamol fgndlunisdnunisdniay (anti-inflammatory
effects) \ileansau arachidonic acid (AA) pathway lun1sdaasigs
prostaglandins, thromboxane &g prostacyclin 31a cell membrane
phospholipid nalnues NSAIDs aduds cyclooxygenase (COX)
enzyme Fldlunsdamsen prostaglandin H, Yl paracetamol
Fudamsriaes peroxidase (POX) enzyme i active site lng
paracetamol gsnsadudenisdansesi prostaglandin wessneniely
USniifisedu peroxide s auzdilianunsneengnsladluuion
odedifisysiu peroxide g9 W dedeiifinssniaunsendniden
Felifigvdlunisfunmssniauniedunsinignguiuveandaidon
(antiplatelet effects) ﬁauﬂaiﬂﬁﬁuﬁwgmﬁﬁ paracetamol fuds
COX-3 isoform Tusyudifuiiauduldlddes egnslsfiniu nsld
paracetamol fieangviufivinanlifiszuvlszamdiunatssauiu
1514 NSAIDs agtadugussulalumanadn




PROSTAGLANDINS SYNTHESIS

.
Cell membrane phospholipid

l Phospholipase A2
Arachidonic acid

steroids

BSOSO
/ COX (cyclooxygencise) achive SIte euem--- NSAIDs
PGH? synthetase

\- POX (peroxidase) cclive site +-----------=- paracetamol

Prostaglandin H2

Prostaglandins
Thromboxane
Prostacyclin

wananil awud paracetamol W pro-drug Taemunssuiums
blood-

active

deacetylation fisiu ¥lilé p-aminophenol Faagsinu
brain barrier 1{1ganes wagoonguslasgniudsuliils
metabolite Aa AM404 17'immsnnizéju TRPV1 receptor lu
471703 periaqueductal grey way dorsal horn fiszauludumas
ﬁdiﬂﬂiséju descending (bulbospinal) serotonergic pathway il
fuassiumutin Sndmuhendiinadudimsifiundy anadamide
Fadu endogenous cannabinoid L%’]Ejlfdﬁéﬁﬂﬁ’w
\nduaauAERsves paracetamol Tuldesnsgadumyuin onil
%nﬂizﬁw%waﬁqaﬁﬁaaaz 60-88 wlelvinialn Taensifin sastric
emptying time W n15lasuengy opioid, Tugthednge wu dane
sepsis ¥30INTHIAANINAUDMNT FederalignsNTRnTueIana
Tudesnsnszarresemudteniiszezinainiseengninisaie
Wdlousms paracetamol m19 IV 9¢dl onset melu 5-15 undl way
dlelimnauinaedl onset anelu 30-45 uidt Taedl peak plasma
concentration agj‘ﬁ 90 WVindsduUsEIuen edUTIININNINTEANY
Wiy 1 L/ke wazduiuTusivludenldsiiesiosas 10-30
AU paracetamol IugﬂLLUUﬁﬁiNﬁu%ﬁqmaﬁaizﬁum
Tusemeldumnsnety WewSeudieusesiuen paracetamol Tu plasma
way CSF ilomns IV, oral #3® rectal route Wui1n13519A paracetamol
Tuguuuy IV dealvissavenly plasma wag CSF gandinislienly
SULUU oral 30 rectal route’ fatiu Tunsdififtaefionisuinguuss
uazdoInIsefieangudlaings msli paracetamol Tuguuuy IV
form 2zl onset ﬁL?@ﬂdﬁgﬂLwU oral form uaginuzdniu
ﬂﬁﬁﬁmmﬁmms@@%uaﬂuwLaum‘ms pglsAnu desinves
nslenlusuiuy IV form azdianldarenisnissnuiigandn uay
UanUassfingizaunszanlauinnid

‘ DIFFERENT ROUTE, DIFFERENT PK PROFILE

Plasma concentration % °] CSF concentration

T IV acetamingphen 1000
T Cualscommiophen 1000 mg
©- Roctal acotaminophon 1000 my

Mean Acstamtnesnen CSF Consenation (sg/ml)

i (nours) Time (hours)

IV paracetamol showed earlier anc 21 plasma and CSF levels

compared with PO or PR administration

Pain Practice:) 2(7), 2012 523-532

PInmImunmnssanssuegadusyuukaymslaseieAuud
laSsufisun1suimsen paracetamol Tunsindn (perioperative)
TusUuU IV uag oral route NAEWSNISANINUI FOINNNITUIINT
g9 2 sUYuuu ludenane postoperative pain score walu
F2a080 0-2, 2-6, 6-24 wavannn 24 $alus eehalsny Tugaeusn
SruzUINVEwFRReluTN 0-2 waz 26 Falus uualdudinisusms
paracetamol 19 IV route agluse@vduanniinishneinig oral
route”

Paracetamol W1UN15UUTENINIUSIINIBMBATEUIUATT conju-
gation e glucuronide waw sulfate fisuidudnlng neendesndn
fowaz 10 azgnm%‘auﬁ'smau‘lsuﬁ cypP2e1 Til& NAPQI (N-acetyl-
p-benzoquinone imine) &y toxic metabolite solilnpouwsse
nelu hepatocyte way kidney tubular cells idsmalsiiAn
anuuiwsiesiutu Tnevalu NAPQI QN conjugate AU glutathione
wevhmstusenmals LL@TuQﬁﬁ{]ﬁlﬁ’aLﬁﬁWNﬂizﬂﬁ%éqLa%mmﬁm
NwmrruaIn paracetamol 1ol

- Q"ﬁlﬁmw chronic live disease @ NAFLD, HCV infection

L ﬁﬁiﬁ%‘u CYP2E1 inducer Wu carbamazepine, isoniazid,
chronic alcohol consumption

- ffifinnsanases glutathione reserve Tus1sme 1wy gfitog]
Tur99n81M3 VIPENT919115 #3ILNY anorexia

- Yadneinuiiugnssy

' METABOLISM OF PARACETAMOL

O Mostly conjugated with glucuronide
and sulfate in the liver

0 <10% converted by CYP2E]
into toxic metabolite NAPQI
(N-acetyl-p-benzogquinone imine)
) NAPQI attack mitochondria in
hepatocyte and kidney tubular cells
O Later conjugate with glutathione

Export Opinion on Drug Motabolism & Toxicology 2023; 19(5), 297-317

dlonszuiuns conjugation 8 glucuronide Wag sulfate £
BN paracetamol azgnivdsuntaseioulssl CYP2e1 Tiilel
NAPQI snniuauinmsavauuasinnnuduiiviosiutu dafs aun
¢1 paracetamol TltlugtheviluensazreliAsfiulaluiiidtadeides
faNa ﬁﬁlﬁmux mild-moderate liver disease A5l4 paracetamol
Imaﬁﬁuummqaqmﬁ 23 g/day wihiiu wazliinisld paracetamol
Iuﬂﬁlﬁ severe 130 active liver disease

Paracetamol s[,ugﬂﬁl‘ﬂLUSEJULLUa\‘iLLﬁ:,’INEU conjugated form
5909 NAPQI Iugﬂﬁ conjugate U glutathione 3ggndusenymsle
TawA1 elimination half-life maamaajﬁﬂizmm 2.5 Falus n3adl
dosing interval agnsifes 4 Halus warlisndudesuuanauin
paracetamol lugUag CKD wisndudeadial dosing interval ey
H78l CrCL<30 mU/min Temn 6 Halua waghdisl CrcL<10 mU/min
Temn 8 dalag



fin1s@nwnisld paracetamol udumiiaves multimodal
analgesia regimen Iugﬂl,w‘u network meta-analysis lgsrusm
N13ANEINIY 188 MSANYY ATOUARUNANMIBENTT 13,769 518
IngLU3euiisu preemptive analgesia treatment #1499 Tun1s3nw
postoperative pain NANISANYINULN paracetamol @u130an
postoperative opioid consumption Tu 24 ‘i‘i”ﬂm‘lﬁimmagﬂ
-1.02 mg (95% Cl:-1.63,-0.42) dewieuiu morphine equivalent
Feanldunnitevaenegrsliteddy  wavdiean  pain
score Aelu 6 42lus (mean difference of VAS =-11.57 mm;
95% Cl:-18.8. -4.4) LLazaﬂqﬁ'ﬁm‘szﬁ“uaﬂ postoperative nausea
and vomiting (PONV) (OR=0.4; 95% C1:0.21,0.77) lsmensdidedry

Walgunuevasn®

AS A PART OF MULTIMODAL ANALGESIA REGIMEN

Efficacy of preemptive analgesia treatments for the management of
postoperative pain: a network meta-analysis

Network meta-analysis of 188 studies (total n=13,769)
comparing different preemptive analgesia regimen

Wpostoperative opioid consumption in 24 hours (vs placebo)
MD =1.02 mg [95% ClI: =1.63 to =0.42] mg of IV morphine equivalent

@puin score in 6 hours (vs placebo)
MD -11.57 mm, 95%ClI [-18.8 to -4.4] mm of VAS

@ WVincidence of PONV (vs placebo)
OR 0.4 (95% Cl: 0.21-0.77)

British Journal of Anaesthesia, 129 (6): 946958 (2022)

PROSPECT (procedure specific postoperative pain
management) ?zfaL‘?;Jmfcjuﬂmw‘mmsuaaﬁaaLLW%éLLazﬁﬁiyzﬁLmeé
meld European Society of Regional Anaesthesia & Pain Therapy
(ESRA)
flun1skAnIsenee Iaseyliinnsan paracetamol wag NSAIDs

AN UINIETANITAUNMEUINNFINISHI AR TN

Wu “basic” analgesic regimen dwsunisiidiaynuszinn uaz
wuzdliild paracetamol winlaififevinald & PROSPECT Ald
wuginsly paracetamol @msunissgduvanalu liver surgery
19 preoperative/intraoperative Wag postoperative procedure
wuiu laedn1sfinwinisly paracetamol TugUaeniinisin liver
resection 31w 37 318 laewdunisfinwiluguuuy prospective
studies FINANITANBINUINTEHU plasma paracetamol %qﬁ‘lﬂ,u
Q’ﬁﬁmax hepatic vascular exclusion (HVE) uag portal triad

. A o o i i o v o i v A
clamping (PTC) WaligununguAIuAL LATEAUENENRININSEAUTN
' v a & a ] L & ' = o
naliinAuluiiwiasnane (toxic level) 1Wuagaun Feszeu
Ayulufivan paracetamol 8¢l 150-200 mcg/mL 7 4 Falua
ndasuUszmuen’

’ PROLONGED PARACETAMOL METABOLISM
IN LIVER RESECTION

O prospective studies in 37 patients
Q13 Hepatic vascular exclusion (HVE)
0 13 Portal triad clamping (PTC)
Q11 non-liver resection (NLR, control)

cEO
33

@ Higher concentration of plasma
paracetamol level in HYE and PTC

Q0 still much lower than toxic level in
commonly used normogram
(150-200 meg/mL at 4 hours after ingestion)

1 et

°

Plasma paracetamol concentration (mg/)
S m =
1 e
z
oy—— ——0—— &

Time (h)

Pharmacology (2006) 77 (4): 161-165

Guideline for Perioperative Care for Liver Surgery: Enhanced
Recovery After Surgery (ERAS) Society Recommendations 2022 16
wugdnsly  preoperative paracetamol  IngusuruIngInIenas
HIRAU (moderate level of evidence, strong recommendation)
wazldinaniansly paracetamol Tudueniifinnuvasaseiolings
91nM3¥1 major hepatectomy mndudsnsitnuls eegslsinnu
AITANTUIN paracetamol asludsLies 2 g/day mmﬁa@jaﬁugﬂﬁm
ponlusgslitudney

Msld paracetamol s1ludesinnsanvuneaunimingves
Q’ﬂaaéﬁ’qmswﬁ 1 1u;§ﬂaaﬁ‘1§mﬁn6ﬁ§um 33 kg fatlaendn 50 kg
$ndugesse¥anisld paracetamol Tnsusasassfiansanliyuin
10-15 mg/kg Tavvuingsgalsiiiu 3 g/day dwlugifinisinu
Y99AUANAY WU chronic/compensated active hepatic disease,
hepatocellular insufficiency, chronic alcoholism, chronic malnutrition
dehydration fughy finassrimuuinen paracetamol ustazaseit 1 ¢
Inglivuinasagnlaiiu 3 o/day
A5197 1 Dosing of paracetamol*

Patient weight Dose per Volume per Maximum volume of Maximumdaily dose
administration administration paracetamol
10 mg/ml solution
for infusion per
administration based
on upper weight limits
of groups (mL)
<10kg 7.5 mg/kg 0.75 ml/kg 7.5mL 30 mg/kg

>10 kgito=33 kg

15 meg/kg 1.5 ml/kg 49.5 mL 60 mg/kg, not

exceeding 2 ¢

>33 kg to <50 kg 15 mg/kg 1.5 mL/kg 75 mL 60 mg/kg, not

exceeding 3 ¢

>50 kg and with
additional risk factors

1g 100 mL 100 mL 3g

for hepatotoxicity

>50 kg and no 1g 100 mL
additional risk factors

for hepatotoxicity

100 mL 4g

*One ml contains 10 mg paracetamol. Each 100 mL vial contains 1000 mg paracetamnol

wonandl ansvasnnadunssy (excipients) Tudnsue1an
paracetamol #ifildluyszmalvedaunndnesiuly vishiuiingdu
sulfites (Juasiudouazarsiudisersendwdu  agrelsinu
nunsansiinareaiiine nshinsUssasdlugldunesele
WU rash, bronchospasm lagn1ay sulfites sensitivity wulans
Sovay 3-10 Tuéﬁl,ﬂuiiﬂﬁm IngaziiliiinenisadeiueIn1sves
Tsadiniimuaulails uazermslifisszasddsnandmulilugiling
fiuseTaveddsaitaudounuiy wenand Sullsnesuvenisiia
paracetamol-induced hypotension laganusdlinsiuuwidn
weianainldannnsTisnsuedndadl sorbitol 3o mannitol Tug$u
fimfloniliiAnnnie diuresis saudenalndl paracetamol finaan
sympathetic output ¥i1l%LAn peripheral vasodilation wag
an cardiac output

iesnmsininanslugitasingriinieliAnauidutin  wu
Msld NG tube Wudu Clinical Practice Guidelines for the Prevention
and Management of Pain, Agitation/Sedation, Delirium, Immobility,
and Sleep Disruption in Adult Patients in the ICU (PADIS guide-
lines) lsuuzthmslengu opioid iueménililumsssiuanuuin



Tnedl adjunctive analgesic flazal8anIUIALAZHAT1UAEIV0S
opioid l¢t Fauugihnsld paracetamol Ju 17 line agent IugﬂLLUU
IV form Lﬁaamﬂﬁgﬂuaﬁﬂﬁ%mszaw%mamaqmsgm%umﬁiﬁmqmﬂ
anas uregslsinny sududesseTanatnafeswes paracetamol
Tugduuu IV form vil¥iAn hypotension e

adin1sfinunluguuuu RCT fifinsaniianaves IV paracetamnol
AoRMUNNIireIT1INTLUAE hemodynamic response ln hear rate,
systolic blood pressure Wag mean arterial pressure’ Iﬂﬂmiﬁﬂmﬁ
ylutaeingeiisild (@amgfisimegeiaud 38.3 samiuly) $1uu
41 519 lpetUSeutiivyu paracetamol vu1n 1 g AugInRasn
Naﬂ’]iﬁﬂiﬂWU’j’]quﬁﬁf’Nﬂ’mL%Mﬁﬂad(;?\iLW]"U?S@J']@LJ 30 W
YUzl systolic blood pressure aaga9313 -17 mmHg Tneiads
W8z hemodynamic response Ejdqm‘ﬁ'iﬂ 1-2 Fluandsldsuen
Il prospective cohort study’ Algvhmsfinwraves v paracetamol
ludiisumsfinudiuo 160 918 LLazWUdWﬂ%'!wﬁqsuaqﬁL%ﬁ'm
MsAnEARANIY hypotension @i onset Usyanas 30 Wifivdsann
Iosumavenen way 1 Tu 3 wesddrsiunis@inundndudeddasu
Msshw MsAnemionuinnsld paracetamol iiloanldazyiliin
hypotension ldegnafitfudnday vaefinisldf paracetamol wieanuan
LivilhiAnensiananaiiade’

nsAnw ASTER Wunsfinwiluguuuu RCT ldFnuuszansaa
¥94 paracetamol Tun1stlesfiunazsnw1n1g organ dysfunction Tu
FEingaiifinng sepsis® nadndnsAnwInuin Ml IV paraceta-
mol wua 1 g 9 6 Falus iunan 5 fu Wsuisuivemaenlnel
asavany  dextrose  wnutulsllfdsnasediuauiuiiftaeifinsen
%39 free of organ support to day 28 wAnESiUOLIHTBE R
pglsfinu Tuﬂfjmméﬁu \V paracetamol il SOFA score #nin

1BNE15891994

Tufuil 2 8eudl 4 swdeinsifin (Acute respiratory distress
syndrome; ARDS) lu 7 Tu teenitemvaen (Sevay 2.2 uag 8.5
aua1eu) leensld paracetamol finuasasdouaglavinlimie
hypotension vizefin1siuAeuuuas liver enzyme wag fluid balance
WANEINAINYADN

BEYOND PAIN AND FEVER IN ICU

JAVA | gt estgtin | CARINGFORTHE CRITEALLY R PATIHT
Acetaminophen for Prevention and Treatment of Organ Dysfunction

in Critically Ill Patients With Sepsis| .
The ASTER Randomized Clinical Trial

O Lower SOFA score in day 2 to day 4

O Less development of ARDS in 7 days
(2.2% vs 8.5%)

Q Paracetamol appeared safe

QO No difference in hypotension,
liver enzyme and fluid balance

JAMA.2024;332;(5):390-400

Iﬂaaqﬂ Nl paracetamol Tu perioperative care Welaud
Jonltazaiuisativannisly opioid sauaNat19LABIRIN opioid
wazann1z PONV asla saufieinliiiin enteropathy tieunin

a 2 A a v v

NSAIDs A25A9I58ULEDN paracetamol AUTWITAIWNTTIANY
oral route Wunadenusnmnaunsails esndauAue
luSoswe i unu-Usednsna uasiiansunli IV paracetamol lu
Qﬁlﬁjmmmﬁmsmmamﬂlﬁ Wy dthenlasunsiidamasiue s
vaa . o . B =)
RN gut obstruction i3 delayed gastric emptying 199
malabsorption eenslsiniy SududesszinseTsmslden paracetamol
Tugfillsasu anensens viedinzwimd wagnsaiild paracetamol
= v a < o i al' a &
iieanliludUaeingainlsiihseieinis hypotension Ne1aiindu
Taanen
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