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Key Drivers of EnhancedRecoverg: Fluid Strategy

WAUNW. d%na Ygeyanis
1A IFYYINGT AMSUNNBANERT JRIBINTalNNIINeaY

mﬁn‘mﬁﬂwﬁlé’%’umiﬂhﬁﬂé’aam'ﬂﬁaﬁﬁwmwaamLﬁamﬁ (perioperative fluid management) fAuduRUSAUNAANS
mﬁﬂmmmauﬂiuaﬂwmmswwmma (U- shaped) ﬂa"nﬁa mnfinsumsasiildmaeendeadiduliuaiosvieun
Wl azduiusiunizunsndou (complications) /i AdnTu mi‘mmhsﬂmuaﬁmmmﬂulﬂ (fluid overload) @13t ludnazunsndou
12 Usmmmaauﬂuswmahaiaml,avumuﬂmmmu WM pitting edema, iy hepatojugular reflux, mental status LUaEJuLLUm,
vinliin1ng orthopnea uay $uq nsuimsansih ey gaufufUiurarseialanuddniionozdiofiunanissnm
TWilUsyavisnmanntu LLavammavLmaﬂﬁzjawmammﬁuuu,ﬂmmwlmumsmmlﬂ

Association between perioperative fluid management and patient
outcomes: a multicentre retrospective study
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1. Colloid solutions Aeanstnfifidaulszneutesasluana
guelvafiwuarsiannsnndeuieenatn intravascular compartment
WU capillary semipermeable membrane ﬁﬂﬂam@: interstitial
compartment WU dextran 40, human albumin Wag hydroxyethyl
starch (HES)

2. Crystalloid solutions (uansiniiusyneudedidninslad
ﬁﬁﬂisqmmmwuﬁamﬁar;hu capillary semipermeable membrane
1idne Fauseanifu normal saline solution (NSS) uaz balanced
salt solutions L Ringer’s lactate solution (RLS) way Ringer’s
acetate solution

Hahn wazame (2025 Anwraainnisiudsunlassunsves
wanaulunaeniden w3e plasma volume effect 91nanstindilsma
waenden lnowSsudisunisidansiiussin arystalloids Lo
DUNLAYILAE crystattouds AU colloids 1uiULLUU goal-directed
fluid therapy ﬁ?j\‘iLUuLL'thI’Nﬂ'ﬁUiW]Sa’l'ﬁ‘Ll’]I(ﬂ?JE]’NENR]’]ﬂ hemo-
dynamic parameter miﬂﬂmﬂ‘umi’;mi%% fluid kinetic analysis
T,fﬂsf[ﬂ’ﬂumammzﬁmmam‘%amm’mQ’Lﬁé’ﬁ'wmiﬁﬂmﬁL#Tﬁ%“um'a
WIFRIIUIU 103 518 lawviin1sAne) plasma volume expansion
prediction vdnlanstn crystalloids 4 ml/ke WisuWieuiy
A13W hydroxyethyl starch 130/0.4 (HES130/0.4) 2 mlL/kg Falw
WUU bolus infusion Wusau 3 ads Tneusavadednasindi
vaoadendunar 7 il witusveznanswinansanusazase
Dunan 5 Wit wdentudwihnissiass (simulation) 31 plasma
volume expansion WAnANSAUMTBLN NaN1SANWINUIMAIRINNTIR
ansinuszan colloids 985 volume effect Uszanas 2.5 wia
Yz iasinlseam crystalloids gl volume effect Uszunmu
1 wihwesUinasasthiiguasldsuadiusn nslfannivszay
crystalloids $3ufiu colloids 3919 volume effect fifnn

Attenuation of the plasma volume response to
crystalloid fluid used for goal-directed fluid therapy
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miﬁm:nmiszﬁ’um’miﬁﬂﬁw multiple closed-loop system
Lazn15LAn delayed neurocognitive recovery® IWULLU‘U RCT
LUumimﬂwﬂummwimumimm (non-cardiac surgery) mamu,m
60 JTulU $1uau 90 s T,m&JLUi&J‘ULV]EJUﬂ'liS“aUﬂ’nmaﬂImsﬂﬁu
closed-loop automated independently control GUQLUWUUUWJ‘UNJ
LLUUNﬂﬂﬂﬁumamaﬂauﬂaumﬂ hemodynamic parameter u1U5U
mm’ama’mam‘[um leﬂwﬁaﬂﬂ’liUSWﬁEJ’]i”QUﬂ’J’]QJSﬁﬂ e
NINAOALEDA LAZ vasopressor Iﬂalmaﬂwgwmax manually
control #93dRyRunmdidugmuaunsssiuanuidndunguaiuas
Taeradndudnvesmsinumuin guaenauildiunsssiumnusan
WUU closed-loop 31 cognitive score ﬁﬁﬂ’i’m&ju manually control
saudiedl positive fluid balance Yesnirdndae efinrsanansiin
fiffnelasumuinginelundumuguuazndu closed-loop Té¥uansih
Usznm crystalloids 117U 2,000 ml (1,000-2,483 ml) tkag 900 ml
(688-1,210 ml) Aua1au (p<0.001) YauelasuansinUsean

olloids Wiy 0 ml kag 700 ml (400-1,500 ml) Mua1au (p<0.001)
Bensfingu closed-loop Wsuansth crystalloids toenth Taganstn
Uszian colloids Aild¥ude 6% HES 130/0.4 lu balanced
electrolyte solution %éw%mﬂﬁmﬁﬂw 100 ml WUNTAALUU
bolus tJuran 6 UM (USunsgean 33 mizkg/day) Feuansliiiu
ﬂ\‘iﬂ”l'iU’iniﬁ’]iu’]U'iumVl crystatlmds Sy colloids Tlviuaste
neurocogmtwe recovery Vlﬂﬂ'm

Closed-loop fluid management
—

nsAnwInaresnsitaIsiimarasadonsiuaznisiinua
unsngauResEUUaLAuMgla (pulmonary compLication) FAnTu
Igmdsnsridaesios (abdominal surgery)’ lunsdnwiluguuuy
RCT WLiJiEJUstJUﬂ’IﬂMaﬁmLLUU goal-directed fluid therapy
(GDFT). laels target hemodynamic parameter fig MAP 65-80 mmHg
uaz APP<12% wWisuiieuiumssnwnunasgusenIsiinn nzunsndou
Tumaiumelandsnisiada Inen1sli GDFT lunisdnwiiivn
FUaell MAP<65 mmHg w3a APP>12% vgfinislanstndu RLS
$1u9u 300 ml melu 10 wift $1uau 2 A% s Amesdnan
FlalFtus el HES madngnasdnwinudn GDFT Yasaanisiin
azunsndeuaslaedeiitoddglefisuiunisinumuinsgiu
Toedidnsnisianzunindouiosey 2 uaziovar 36 AINEIHU
(p=0.001) aehdlsfnm laimueuuanissevinguludemessnn
nMadeTinuarsvesnaueulsmenuna vizeewweanisli vasopressor
39 blood components wonanil Sawui GDFT anwnsaanu3ane
¥83n15W RLS ungUieasldegaiifoddisy (2,983 ml e 3,901 ml
AaIU, p=0.006) Fathy ﬂ']'ﬁ%'mﬁfwgmwu crystalloids $2ufU
colloids 919%18aANMEUNINGIUVBINISAUMLTILE

n15@ne1 PHOENICS trial (2026)° vJunis@nerguuwuy
non-inferiority RCT wﬂﬂmmmauaﬂﬁuamamma AMUUaDAN Y09
sl maonendeniiflesUsznoutes 6% HES lumsehim
miﬂﬂmumﬂugmmu multicenter 91U 53 study site Tu 10 Usein
Tunidglsy Asusmdudiinsmnsfnundwauis 1,958 58
fusuLisuseninanisly 6% balanced HES uag balanced
crystalloids it NadWSMsAnw NI sINMsIWALLIL AR
299 eGFR 7 3 Jundanisendn drunadnsnisAnuses leun d0s
MadeTiauaznainnzuwsndeuil 90 Tu wansAnwINUI
nsBsuLaswes eGFR Ruusndnsshdalaufieiuil 90 lungu
Aleisu HES Taiseendingu crystalloids (p<0.001 for non-inferiority)
wuReniusnnsdeTinuarennsunsndeunasnistndn egnslsinnu
ns@nwiiinuinguaelungy HES § net fluid balance uag
hemodynamic profile W1 MAP #%#389A218A8IA1TIUATTLY
vasoactive/inotropic drugs ﬁaﬂﬂﬂﬂfju crystalloids oty Ui
anstniiesdusynoures HES 8g19gnees (in-label
nsHAniiaNYasaiesols

use) GL‘L!



Safety and efficacy of 6% hydroxyethyl starch in patients
undergoing major surgery e

The randomised controlled PHOENICS trial EJA Anoesfhesrmogy

Cystatin-C based eGFR (ml min~ 1.73 m™2) over time
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[ Treatment: ——HES — Crystalloid]

msfiasanasti i vasndenmalsiavan “4 D's” Ao

- Drug msfirsanlasiedslauddthesuiufesdidoudd
uaztomsseisedoinuldiufeiiuen

- Dose: Ustnauansthilvngauiiensliudie

- Duration: svgvnanfimnzanlunsusmsansin nsdl HES
TadesliiAu 24 $9lus

- De-escalation: WWﬂ;:J:ﬂQEJﬁ positive fluid balance
913NNV diuresis

Uagduiindngiuidausey siTmJ*?'iaﬁuauumﬂ%’ balanced
crystalloids saufiu HES LﬂuaﬁuﬂwmwaamLaammmauma
meaa‘wamisﬂmmLLaWznsfl,umifvxlumsuaamhwlmumsmmm
ﬂsﬂu leju neurocognltlve recovery

Key Driver of Enhanced Recovery:
Optimizing Emergence Beyond Reversal
a.ngy. fsm1 afgnsluns

Tsanguraguasnsal an1n1vate

LuImensAeaunisiduasnisudguives neuromuscular
blocking agent (NMBAs) Inel American Society of Anesthesiologists
(ASA) Guidelines’ uay European Society of Anaesthesiology
and Intensive Care (ESAIC) Guidelines’ laiuuziiin1svin clinical
assessment 730 qualitative assessment u nsUszIdiuaY
train-of-four count LLWLLUVuWIﬂ%Uﬁ quantitative momtormg
Imﬂﬁ]”wmimW’] extubation LuaL‘UﬂLﬂm% TOF ratio>90% %

Reversing Neuromuscular Blockade (ASA, ESAIC 2023)

Sugammadex
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Degree of blocking | ‘Complete block Deep Moderate , sm«l.lowl Minimat

Response to TOF TOF-count 0 TOF-count 0 |  TOF-count 1-3 TOF.-ratio
0.1-0.4 [ 0408

Response to PTG PIG=0 PIC21
‘Sugammadex 16 mg/Kg 4 mg/Kg 2 mg/Kg

Thilen SR et al., Anesthesiology 2023; 138:13-41

syfumuEnTeInzndwondeuiimuddydenisiida Tag
ANANLUIEAU deep neuromuscular blockade (NMB) fanuduus
ﬁ’umaé’wé%mﬂ’]smﬁmﬁﬁsﬁu WU an peritoneal pressure AABINT
U39 WU shoulder pain \flosann tissue injury uaamw LaEaANIIL
unsndeuitinainnisidald egnslsfiniy Auwdssresnisiin
residual NMB mwﬂmammLL‘wm:ummmuaiuﬁawaqmsmu
USunaeandeunduiiouay mumqmmawwa sunduile
(neuromuscular blockade reversal) Ingtanzagnsdlutadlndauan
maridn ildinmsaseiuaudnvesnmznduiondeuli shal
low block %38 minimal block ity

Sugammadex LﬂumwhLwaLmqwﬁmaammauﬂmmua 1ny
gaNgNEsINE Wizasivemdounanaile Ao rocuronium waz
vecuronium Wit g1eengusiTiadauazannsasengrswilals
ynszfuAmANvesnznEuntiovgou Snvilaill cholinergic side effect
dlesan sugammadex lﬁlﬁaaﬂqméé’ugql,aulﬁnﬁ acetylcholinesterase
WU neostigmine Tnesaustiingsld susammadex dausi .A.2016
Uil f.7.2024 Anuinfinisfinvwinen rocuronium TunnsedRaN
0.83 me/ke U 1.20 me/ke FsRndudndnuiiiiudedosay 45.1° aghals
Aima rocuronium JAuduiusiunsiia respiratory complication
WU dose-dependent Tngnmzunsndeussnarintundarindalaie
Sovar 8.4 laewugtinsalldgslunguifiaedilailésu documented
neuromuscular monitoring #58lilA5U sugammadex ag1slsAnu
ugin1sly sugammadex @1u1sn%aLan respiratory complication 1o
winlianunsalestiunniginanliegnsanysal Fsmasld sugammadex
S2uAU quantitative neuromuscular monitoring t@nelun15HIAR

———————————— Double-click to go to fullscreen, ctrl+click to snap to video size |

7] i L8
néanile Adductor pollicis wintiu ENESTHESIOLOGY' | i i
SEAUANANTRINIENA ML evEoU (degree of blocking) ¥y Changes in Intraoperative | P le
5 ' v . Rocuronium Dosin g =
Iannsneuausmonsnszdulni (Train-of-Four; TOF uae Post- mmﬂmmfm 2] .5
Tetanic Count; PTC) #3197 1 N5l sugammadex Jaidugniild b e £ E
a o a § v £ ' v ¥ 5 5 e lo E
lumAdygAneniiowngnsuessmeaunauiilo  (Neuromuscular zzstoperatwe Respiratory | & 5
. ) o ) P I mplications: A S 2 3
Blocking Agents; NMBAs) 1mnﬂﬁz@mmmaﬂmmmazﬂmumamau Retrospective Cohort Study | Lg
uAnTallaenld neostigmine afosdl TOF-count 4 lay ESAIC A e 2
Guidelines wurihnsldiile TOF ratio 11nni1 0.2 IngvuiiSuRAy S .t 0 . o We me g do ae o ol
| ° o i . Philipp.J. Fassbender, MD., MHBA., imexyears
Ao 0.05 mg/kg Yur?l ASA Guideline wugihnsly neostigmine Wi v M. 71 mipm | The introduction of sugammadex was associated
~ . . 2 v ~ mﬂijﬁ;@,zﬁ;ﬁa & with a 45.1% increase in rocuronium doses.
e TOF ratio 1nnn 0.4 Inguunnisudude 0.03 mg/kg LLazdIUIn : (from 0.83 mg/kg to1.20 mg/kg in January 2024)
a9aA Ao 5 mg
U9
f1519% 1 Reversing neuromuscular blockade
Degree of blocking Complete block Deep block Moderate block Shallow block Minimal block
Response to TOF TOF-count 0 TOF-count 0 TOF-count 1-3 TOF-ratio TOF-ratio
0.1-0.4 0.4-0.9
Response to PTC PTC=0 PTC=1
Sugammadex 16 mg/ke 4 me/ks 2 me/kg




n13An®1 STRONGER (2020)° Tuguuuu multicenter matched
cohort study Ine Kheterpal waansz lunmsfinwimMiia postoperative
pulmonary complication ﬁﬁﬂaalﬂﬁumim&mﬂﬁ%’u sugammadex
30 neostigmine TunsuAgnives NMBAs wuiangueiile sy
sugammadex ﬁqﬁ’ﬁmiiﬂ‘u@ﬂ composite pulmonary complication
(adjusted OR 0.70, 95% C1:0.63-0.77) pneumonia (adjusted OR 0.53,
95% (1:0.44-0.62) wag respiratory failure (adjusted OR 0.45, 95%
C1:0.37-0.56) Weunirlunguiildy neostigmine ageilfudriy
warlunsfiny STIL-STRONGER (2023)° fiviinisiinsngrigesianty
fUhenguiiiianudssgeienisiinnnzunsndeulumaiumelad
galvmanisanelulufirmanednu 1ne sugammadex twanlona

N13LAA pneumonia Wa respiratory failure Tugthenid13unisudn

AN ESTHES|OLOGY 30,026 patients receiving sugammadex,
22,856 were matched to 22,856 patients

Sugammadex versus receiving neostigmine.

Neosh'gmine for Reversal of Sugammadex Neostigmine

Neuromuscular Blockade — ]

Unadjusted Sugammadex
Composite Pulmonary Complication | -

Neosigrine
0.71 (064, 0.78)

and Postoperative

Pulmonary Complications Pneumonia{ e 0.5 (0.48, 064)
(STRONGE R) Adjusted Respiratory Failureq] ~ + H 0.47(0.40, 0.57)

Composite Pulmonary Complication .y 0.70 (0.63, 0.77)
A Multicenter Matched Cohort Analysis Pneumonia{ s | 053 (0.4,062)

Sachin Kheterpal, M.D., M.B.A., Michelle T. Vaughn, MPH.,
Timur Z. Dubovoy, M.D., Nirav J. Shah, M.D.,

Lori D. Bash, Ph.D., M.P.H,, Douglas A. Colquhoun, M.B.ChB.,
Amy M. Shanks, Ph.D., Michael R. Mathis, M.D.,

Roy G. Soto, M.D., Amit Bardia, M.D.,

Karsten Bartels, M.D., Ph.0., Patrick J. McCormick, M.D., M.Eng.,
Robert B. Schonberger, M.0., MH.S., Leif Saager, M.D., MMM.

ANESTHESIOLOGY 2020; 132:1371-81

Respiratory Failureq] ~ »=
——
00 05 10 15 20

Odds Ratio
(95% Confidence Interval)

0.45 (0.37, 0.56)

msAn® SNaPP (2026)" 1 Hun1sfnwnaresnsld sugammadex
\W3Buleuu neostigmine Liloufnnsves NMBAs ludasainisiin
postoperative pulmonary complication @ufiu Tnendunisane
LUU randomized, controlled trial ﬁsuusaumjué’ﬂmmq 40-93
fitrun1sEd (major abdominal sureery wie thoracic sureery)
FangugUaeiild3u sugammadex filamatinnnzunsndouly
maduelasniingy neostigmine (risk ratio 0.88, 95% CI:0.77-1.00,
p-value=0.049) Tae sugammadex mmsmtﬁl‘qu%‘maa NMBAs 1&
auysaind1 lag TOF>0.9 lungu sugammadex mmiaaaw 87.4
sumuwﬂawim“u neostigmine whifuSoray 64.3 waymsAnuiinun
atelectasis \Hunnzunsndfouiinulivesuazsulusodldsunssnw

FaN5LAn residual NMB ¥ lAAnn1zunsngaundiainnisuisiale

lnegUagasiin hypoventilation wag atelectasis luggee1yenadl
Mg impaired pharyngeal muscle function ¥i1l#ALAA micro-aspira-
tion M1 e “initial hit” dwwalit alveoli LARNITBNLAULAZLAR
amzvendniauannlufige

How Residual Neuromuscular Block (RNMB)
Leads to Postoperative Pulmonary Complications

o RNMB - Hypoventilation @%
Atelectasis

9 RNMB — Impaired pharyngeal
muscle function

0%y Micro-
aspiration

9 Initial pulmonary insult
(“initial hit”)

6 Progression over time

Pneumonia
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- Transient anticoagulant effect lag@1anuiniin
prolonged aPTT Iidunantiosndt 1 4lus ustldnuileddymianadn

- Hypersensitivity reaction Iﬂﬂwuqﬁ’amiﬁﬁmad anaphylaxis
mmsﬁumnaﬂamiaﬁﬂssmm 1 f® 10,000-20,000 578 WU 1 #ia
6,000-14,000 518 tiesanfin1sld sugammadex 1nAu

- Bradycardia wulsisndevas 1 wazdslivsunalniiuude
JedosRanueendlnddnilioudmsen

Sugammadex gndusennigle ed1elsfiniy rocuronium-
sugammadex complex Adntuilonauenda (dissociate) 89n31N
flutios waziloniavillilin recurarization Yasunn Fedslinudgm
91nM1514 sugammadex TugUe end-stage renal disease ﬁﬁ{]mm
nstugneenmsla wenani complex sanandwntuesnlanenis
onlawuu high-flux dialysis %ﬂﬁﬂﬁmgﬂﬁuaaﬂmﬂi"mmaaaﬂlﬂiﬁ
anfluvieianssimud sugammadex enaduifugedlau progesterone
Tnenuinsesu progesterone anastudninaans Snvaluuuzih
N3l sugammadex lundjsliununs (early breastfeeding) g
seiugnazgeiiganelu 1 daluamdenisléfuen

A1INNUAMENTIUNITOIMTUALEILVINENITOITN (US FDA)
annmglsy (EMA) saudadseinelve 1i5useansly sugammadex
TudndaudusniAn Tnenuddeananlud a.m2025 fidnwinisld
sugammadex lumsnuaziine1gtosndi 2 U \unsAnwiluguwuy
RCT lognunaumen sugammadex 2 meg/keg ey 4 me/ke Wuwuw
Aensnsaldlaludnusniinaudsengtiosndin 2 U emslifieUsvasdi
wuldludnisudentiuluglvg) lwn ane bradycardia, hypersensitivity
k@ anaphylaxis'?

Yo sugammadex lesun1sussytnUnydemianuviend (Tayd )
ﬂ']EJI(;IILf'ii@uVL‘*ZJI“Z’I’LLFg]’i]VIéEJ’MEJ'EJL!ﬂé”]iJLﬁduéﬂlﬂﬁﬁﬂ’é’mL§8Q§3m5§U81
rocuronium tJusmgoundunielufieidaialy Wy fUeiid
lsauszdrdndulsamlanazvaoniden lsaszuunnadumela
Tsamsszuutszamuaeninude fifinnglanevidedune idhsu
msefauund 3 dalu smﬁaﬁﬁag‘luamw CICV (cannot

intubate & cannot ventilate)
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lneagy  Sugammadex L%um‘ﬁaaﬂﬂﬁ/lélﬁﬁﬂﬁﬂﬂﬂ’ﬁuﬁi]%é
vosemdounduiouareongysdmnseiuaruinvesnmendaile
ngou N13lY sugammadex awan residual neuromuscular blockade
way respiratory complication ¥8491NNITNIGAR éamaiﬁé’ﬂwﬁuﬁwé’a
naWdaleisy egndlsfimu nsld sugammadex Aasvhaugluiv
quantitative neuromuscular monitoring L&ie L.Lazﬂf«]fqﬂ'u sugammadex
Ignuenedoudilasgnivseddiiludndudusniinluaudedingg
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