MA

KopoTkoro JeiicTBHA Cpeaneit JdIuTeIbHOIO JelICTBHA
(101 9) OPOIO.LKHTEILHOCTH (00.1e€ 4 9)
(10 3-4 9)
HoBokaun JIngoKaHH bynuBakanH
X 10pIpOKaHH IIpunoxasH JleBOoOyIIHBAKAHH
ApTHKAHH MemiBakans PormBakanH




‘ AaumreabHOCTD AcrictBud MA

Xupyvprudeckas aHecTe3ns Ioc1eonepannoHHas
aHaIre3nsd
JnIokanH 2-3 3-5
M ennepakanH 3-4 3-6
byvoneakane 6-10 8-16
PonuBakanH 5-9 8-14




Konanenrparmsa MA

AHaITeTHYeCcKHe AHecTeTHYeCKIe
KOHOeHTpamnm, %o KOHIDeHTpammm, %o
Horpokans 1 2
JAdHIoKadH 0.5 1 1.5 2
[pniokans 0.5 1 1.5 2
MAMenueparxanH 0.5 1 1.5 2
OVIHEAKAIH 0,125 0,25 0,375 0.5




‘ CBorictBa MA

Magkc paz 1o2a Ha 70

ciIa | TokcH49HOCTE | Makc paz 1o3a
Ha 70 kT KI+aJpeHa.IHH
ANI0OKANH 4 1.1 300 500
OpPHIOKAHH - 0,75 600 900
MeNHEAKIH 4 2 300 500
OVIIHEAKAHH 16 3 150 200




MA — 1oO1yHi edpexTn

B 3anexHocTi Big MA, meToay Ta Micuda BBeOEHHS
A. Micuesit:
1. lNogoBxeHa aHecTesisa / napecTesis

».  [emaTtoma
3. TpaBma HepBy

B. CUCTEeMHI:
1. [NpwurHivenHHa LUHC
2. CepueBo-CyamMHHUI Koranc
3. Aneprivni peakuii

c. HeBaana aHecTe3isA



‘ Anaeprigs aoo MA

= TnnoBa NomuIika giarHosy npu
BMNAgKOBOMY BBeOEHHI
BHYTPILLUHbOBEHHO

« lcTuHHa anepriga OinbLW TUMNoBa
onga egipis (NpUHaUMHI TUX, SKI
nos'sasaHi 3 PABA), Hix ans
amigis

= YHukatn PABA B KocmeTuui NpTH
COHUS

« Moxrnuea nepexpecHa peakuis
Mix PABA Ta metunnapabeHom

(KOHCEepBaHT B AESKUX aMiaHUX
MA)




KaacndIramsr 00— CyOOAMHNITE EACKTPIIHIX
HATPIEBUX KAHAAIB Y CCaBIIIB

[To3Hauka [lepBuHHa HagaBHicTb B TTX
Tun reHy HaumeHyBaHHA  TKaHWHa DRG Yy TIIMBICTb
Na,1. SCN1a type | LHC, cepue  + +
Nav : SCN2a type |l LIHC + (embryonic) +
&IaV . SCNd4a  SkM1(u1) CrenetHimszn = o . +
Nav . SCNb5a SkM2 (H1) Cepue + (adult, mouse) -
ﬁlav . SCN8a NaChe LHC, ris + +
fla,1. SCN9a PN1 SCG, DRGs, kuwweyrukt +
K|av SCN10a SNS (PN3) DRG T (small & medium cells)
Na, 1. SCN11a NaN (SNS2) DRG + (most small cells) -
Ra SCN7a NaG CigHuunuin Heps, neretth +(?)

X

Wood et al. 1998-2009



MicrieBa amecresis (MA)

MA — byab-sika MaHinynauis, wo npu3BoanTb A0
BTpaTU YyTNIMBOCTI B YaCTUHI Tina go donto 6e3 BnnunBey
Ha CBIOOMICTb.

[1o3Bonsde nauieHTy NepeHOCUTU XIPYpridHi Ta
CTOMATOSOrIYHI BTPYYaHHS 3i 3HMXEHHSAM D0onto Ta
aucTpecy

Moxke koMbiHyBaTUCA i3 3ararnbHO aHecTesieto (3A)

3aCTOCOBYETbLCS AN19 3HEDOONMEHHSA NMPU HEXIPYPriYHNX
bonsax

[lo3Bonsie BCTaHOBUTW AiarHo3, 00yMOBIEHNN
OEAKNUMMN XPOHIYHUMN CTaHaMMW.

Wikipedia 2009. http://en.wikipedia.org/wiki/Local_anesthesia



HacroTta (0e3 akclaAbBHUX OAOKAA)

bnok nne4vosoro cnnetTiHHa — 200/100 000

Benuke gocnigkeHHa B ANOHIT noka3ano
4yacToTy TOKCU4YHMX edpekTie 1.17/100,000 —
BCi nepudoepunyHi brnokmn (6e3 akcianbHUX)



‘ Regional Anaesthesia and Pain Medicine,
Vol 27, No 6, 2002, pp 556-561

Systemic Toxicity and Cardiotoxicity From Local
Anesthetics: Incidence and Preventive Measures

Michael F. Mulroy, M.D.

entral nervous system toxicity from uninten-
C tionally high blood levels has been a significant
concern and risk with local anesthetics since their
discovery. Cardiotoxicity associated with toxic
blood levels of long-acting local anesthetics! has
heightened concern about systemic blood levels in
the last 20 years. This review will discuss the ap-
parent incidence of systemic toxicity, the situations
in which it occurs, some of the other risks of re-
gional anesthesia, and appropriate safety steps to
reduce the frequency of both systemic reactions and
cardiotoxicity.

Systemic Toxicity

Systemic toxic reactions to local anesthetics are
manifested by a progressive spectrum of neurolog-

2 Al ocxrmrrntarce ae hlamnAd laxsrale #ica Tritial csrrr vt Arm o

the blood concentration in the arterial supply to the
brain is higher than with any other source of tox-
icity. Fortunately, this type of seizure is short lived
because the quantity injected is relatively small and
the blood flow to the brain rapidly removes the
drug.

More commonly, blood levels are elevated after
unintentional intravenous injection during the per-
formance of epidural or caudal anesthesia. The en-
gorgement of veins in the epidural space, especially
in the pregnant state, makes vessel entry easy,
whereas the frequently subatmospheric pressure of
the epidural space may retard a positive flow of
blood to warn the anesthesiologist. Bolus injections
of local anesthetic used for these blocks, despite
clearance by the pulmonary and hepatic tissues, are
sufficient to produce blood levels high enough to



‘ CucreMHa TOKCHYHICTD, CIIIAYPAABHA
aHeCcTe31sl — 9aCcToOTAa

Systemic and Cardiac Toxicity With Local Anesthetics e Michael F. Mulroy 557

Table 1. Frequency of Systemic Toxic Reactions

Author Epidural STR Rate PNB STR Rate
Pre-1982 rate
Blundell, 195529 790 87 110
Bonica, 19573 3,637 116 320
Moore, 1978% 6,729 13 20
Kenepp, 198131 4003 40 100
Post-1982 rate 15,159 550 100"
Tanaka, 19934 17,439 20 11
Brown, 19955 16,870 2 12 7,932 15 20
Auroy, 19976 30,413 4 13 21,278 16 )
64,722 26 4*
Giaufre, 1996° (pediatric patients) 2,824 3 10 9,396 0 0
Borgeat, 2001¢ 521 1 20

Abbreviations: STR, systemic toxic reactions; PNB, peripheral nerve block.
NOTE. Rate = frequency per 10,000.
*Difference significant at P < .001, 52 analysis.



TOKCHYHICTD 32 YACTOTOIO

CTyniHb KpoBO3abeane4yeHHs MicuS

MixxpebepHuin 65110k (HaMBULLIMIA piBEHb abcopbuir)
[TapauepBikarnbHa briokaga HepBIB

brnokaga LWWMNHOro cnneTiHHSA

EnigypanbHa / cnmHanbHa bnokaga (HamBULLKIN PiBEHb
abcopoOuii)

[1OTEHUII0ETLCA:

2 HwupkoBOLO / NeYiHKOBOK HEAOCTATHICTHO

o Aumao3om

o [onepegHimu illemMivYHOO XBOpPODOIO cepus Ta
apUTMIaMU

0o o O O



Cumnromu ta o3Haku ypakeHHa LIHC
ta CCC

CNS symptoms

Cardio-
vascular
symptoms
Dose

Astra Zeneca © 2005



Katuika Tokcmauaoctt MA — [THC

CyaomoBa go3a MA A 3BOpOTHO
nponopuinHa notyxHocTi MA

AuUnOo3, rinepkanHisa | cyaoMmoBy 403y

BariTHICTb 3HUXY€E AO3Y, are He
KOHLIeHTpauito, L0 NpoayKye CyaoMu

CCC TOKCUYHICTb BuMarae dinbwunx 003 1a
KoHueHTpauin MA, Hixx LUHC TokcnyHicTb



Muoxnani edpextn MA

HA CEPLIEBO-CYAUHHY CUCTEMY

EnekTpo@Ii3ionoriyHi

o byniBakailH vs. nigokaiH: WwBKaLle 3B'A3YETbCH,
ni3Hille BUBINbHAETLCA 3 cepueBux Na kaHanis

2 AHTMAPUTMIYHUN Ta NPOAPUTMUYHUN ePeKTU
o [NpurHivyye npoBigHy cuctemy

HeratmBHun iHOTPOMHUN

CyanHHNM

0 Ba3oKoHCTpuMKUIA (HN3bKI KOHLEHTpaU,l)

o Basogunarauia (BUCOKI KOHLEHTpaU,l)

MA B LIHC moxyTb matn CC edheKkTu
3aBaXatoTb Npu peaHimaujl



KontmerTparii MA B KPOBi, IIIO BUKAHUKAIOTD

3YIIMHKY CEPIA V COOAK: ITOPAAOK BIAITOBIAAE

ITOTY/KHOCT!

120
100"
80-

60 @ Free

Mg/mL

40- 0 Total

20
0

Bup Levo Rop Lid

Groban et al Anesth Analg 2000;91:1103-11



‘ IIIAVHOUKOB1 APUTMII ITICAA
HAACYAOMOBUX (2X) A03 MA

6-
5-
4

N 3 OV arr
2- B No V arr
1-
0-

Bup Rop Lido

Feldman et al Anesth Analg 1989;69:794-801



‘ [adysit MA, synuaKa cepris

Ta peaHiMaIld y COOaK
« Eni-iHoyKoBaHa

OLU Binbw 3 dyni, 50

HiXX 3 peMi abo nigo 44l

% of animals

= TpuBana eni vacTo 301

BMMarana nigo @ Death

20 1 1 EpVF

(86%) nicns
3YMUHKN, HIX 3 Byni

1071/ 117

B R LB Li

Groban. Anesth Analg 2000;91:1103; Anesth Analg 2001;92:37; RAPM 2002;27:460



MEXAHI3M

ApuTwmil (byniBakaiH)?
IiBowinyHo4koBa aenpeciqa (nigokaiH)?

3acib Ansa peaHimaduii npu
AOPEHANIHOBIN HEE®PEKTUBHOCTI
(byniBakaiH)?



Homy MA TOKCHIHI AASI MIOKAPAY?

B nocnigkeHHax in vitro 7 3 mexaHiamu

byniBakalH Oriokye kapgianeHi Na kaHanm

IHridye TpaH3unTopHun Bukna K* ta
penonapusadito LWIYyHOYKOBUX MIOLMUTIB

BusinbHeHHa Ca?* 3 capkonnasMaTu4Horo
PETUKYITYMY



KaacndIramsr 00— CyOOAMHNITE EACKTPIIHIX
HATPIEBUX KAHAAIB Y CCaBIIIB

[To3Hauka [lepBuHHa HagaBHicTb B TTX
Tun reHy HaumeHyBaHHA  TKaHWHa DRG Yy TIIMBICTb
Na,1. SCN1a type | LHC, cepue  + +
Nav : SCN2a type |l LIHC + (embryonic) +
&IaV . SCNd4a  SkM1(u1) CrenetHimszn = o . +
Nav . SCNb5a SkM2 (H1) Cepue + (adult, mouse) -
ﬁlav . SCN8a NaChe LHC, ris + +
fla,1. SCN9a PN1 SCG, DRGs, kuwweyrukt +
K|av SCN10a SNS (PN3) DRG T (small & medium cells)
Na, 1. SCN11a NaN (SNS2) DRG + (most small cells) -
Ra SCN7a NaG CigHuunuin Heps, neretth +(?)

X

Wood et al. 1998-2009



lNMNo3akniTUHHI

-Tetrodotoxin ( TTX 3 pnbu-cobakn)
-Saxitoxin (3 napanisyr4mx MOJSIHOCKIB)
BHYTPILWWHbOKMITUHHI

- MA

-AHTUaAPUTMIYHI NpenapaTu knacy |
-Ileski npoTUCyoOMHI

-Batrachotoxin (BTX 3 oTpyTHOI »kabwu)

[Ipobnema: XXO0AeH He € CeNNEKTUBHUM




Homy MA TOKCHIHI AASI MIOKAPAY?

B nocnigkeHHax in vitro 7 3 mexaHiamu

|Hribye TpaH3nTopHun Bukng K+ ta
penonapusadito LWIYyHOYKOBUX MIOLMUTIB
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Bupivacaine Inhibits the Transient Outward K* Current but Not
the Inward Rectifier in Rat Ventricular Myocytes'

NEIL A. CASTLE

Department of Anesthesia Research Laboratories, Brigham and Women's Hospital and Harvard Medical School, Boston, Massachusetts

Accepted for publication August 13, 1990

ABSTRACT

The effects of bupivacaine on K* currents in isolated rat ventric-
ular myocytes were examined using the whole-cell patch-clamp
technique. Bupivacaine at concentrations greater than 3 uM
produced both a reduction in the peak current amplitude and a
marked increase in the rate of inactivation of the transient
outward current (l,,). Examination of its time course showed that
there was no inhibition before the beginning of a depolarizing
pulse. However, upon continuous depolarization (i.e., during
channel opening) inhibition of |, developed in an exponential
manner, the rate and magnitude of which were dependent on
bupivacaine concentration. The ICy, for inhibition of |, was 22
uM. Bupivacaine had no effect on the voltage-dependence of
steady-state inactivation or the rate of recovery from inactivation.

The (+) and (~)-sterecisomers of bupivacaine were equipotent
indicating that there is no stereoselectivity to the inhibition of I,
Increasing the hydrophobicity of the tertiary amine on bupiva-
caine greatly enhanced its potency. Thus, octylacaine (1-octyl-
2' 6-pipecoloxylidide) (Ce-N) was 6 times more potent than
bupivacaine (C.-N) and 200 times more potent than mepivacaine
(C4-N). In contrast to their effects on |,,, bupivacaine (1 mM) and
octylacaine (100 xM) failed to produce any block of the inward
rectifier K* current. However, mepivacaine (3 mM) reduced in-
ward rectifier K* current reversibly by ~50%. These results
suggest that inhibition of |, may contribute to bupivacaine-
induced cardiotoxicity.

10N 1e Biosjewnoljadsejadl woy papeojumoq)



Homy MA TOKCHYHI AASL MIOKAPAY?

B nocnigkeHHax in vitro 7 3 mexaHiamu

BusinbHeHHa Ca?* 3 capkonnasMaTu4Horo
PETUKYITYMY
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Depression of Myocardial Contractility In Vitro by Bupivacaine,
Etidocaine, and Lidocaine

Carl Lynch 111, MD, PhD

LYNCH C 1n1. Depression of myocardial contractility in overcome only at higher stimulation frequencies, at which
vitro by bupivacaine, etidocaine, and lidocaine. Anesth conductwn was depressed To explore the mechanism of the
Analg 1986;65:551-9. ; L <tudted

, _ tzally depolarized papzllary muscles. Efidocaine and bupw—
The effects of local anesthetics

tractility were studied in iso| Acaine, 4 and 10 uM, and lidocaine, 40 and 100 uM, caused
ular papillary muscles. Bupd g marked depression of the late-peaking contractile re-

10 , showed reverse fre . g
m,,'f,]::,,-,,-w, that is, ,essfr S, sponses, attributed to Ca®* release from the sarcoplasmic

fility at higher stimulation { veticulum. In contrast, only 10 uM bupivacaine caused any
lesser frequencies (<1 Hz){ . .. . : .
strated a similar trend. In of Significant depression of the slow action potential rate of
tential maximum rate of depola
of sodium channel conductance, 3
pressed at 2-3 Hz by bupivacaine : ocai ,
lidocaine. Consequently, contractile depressmn could be contractility.

In the clinical setting, cardiovascular collapse has been  anesthetic SKF-525-A have been shown to inhibit Ca?*
associated with intravenous bupivacaine and etido-  release from isolated myocardial sarcoplasmic retic-

AL ST PRA . [ R O SR GRS PRI Rl S, N et Mt G SRSy S LR | 1 xlszvn F1N Thoe wrall. crlharacmtoarmionrd offocte ~f lasal aee



KaAigigyao

CNS symptoms




[ lprmunna CMepTi




3BITH IIPO CMEPTL

1928 — Mayer at al cnosictus npo 40
doaTanbHMX BUNAAKIB, NOB'A3aHUX 3
TOKCUYHIcTO MA.

B 1979 p. George Albright nokasas
30iNbLUEHHST PU3NKY BiA NiNOMiNbHNX

MOSEKYI, AKi CTanu LWMPOKO NoLUMproBaTUCH
B 1970-x pp.

Yvan A. Ruetsch, Thomas Boni, Alain Borgeat From Cocaine to Ropivacaine:
The History of Local Anesthetic Drugs Current Topics-in-Medicinal
ChemistryVolume 1 pp.175-182 (8 )



TpaanItiriae AIKYBaHHSA

3BUYaNHO CYTTEBI Nepeno3yBaHHA — Y XBOPUX
nauieHTiB (ASA 3-4) - noBigOMNEHHSA B npeci (TinbKu
KIMIHIYHI BUNaaku)

CtaHgapTHUM anropuTtm lNoganbsLol NigTpUMKN
XUTTA, agpeHarniH Mae npoapuTtMiyHUN edpekT B
CEHCI TOKCU4YHOCTI byrniBakaiHy.

TpuBana 3ynuHka

NeTtanbHicTe 100%
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Successful Resuscitation of Bupivacaine-Induced Cardiac Arrest

Using Cardiopulmonary Bypass

William B. Long, MD, FAcs, Stuart Rosenblum, Mp, php, and Ian P. Grady, mp

Key Words: ANESTHESIA, LocaL—bupivacaine.

Cardiotoxic responses to local anesthetic agents have
been reported as a cause of death in patients under-
going operative procedures, despite close patient
monitoring, the presence of personnel fully trained in
advanced cardiac life support, and the ready avail-
ability of resuscitative drugs and equipment. In this
report we present a case of bupivacaine-induced
cardiac arrest that after failure of resuscitation by
medical means, was successfully treated by the rapid
initiation of cardiopulmonary bypass.

Case Revort

mogram was normal except for a white cell count of
15.7 x 10%mm?® (10'?/L). Preoperative chest radio-
graphs and electrocardiographs were not obtained.
The operation began 5 hr after injury. Electrocar-
diographic, pulse oximeter, and automatic blood
pressure monitors were used. The patient was given
2 g cefazolin plus 0.625 mg droperidol and 5 mg
midazolam for intravenous sedation. Using a trans-
axillary technique, the anesthesiologist gave a test
dose of 75 mg 1.5% lidocaine with epinephrine (5 mL)
followed by 450 mg of 1.5% lidocaine with epineph-
rine (30 mL). A satisfactory axillary block was ob-
tained for 90 min, at which time a repeat block was
performed, this time using 75 mg of 0.25% bupiv-
acaine with epinephrine (30 mL). Just before bupiv-



CPB LA OD CVS Resus

27, 300poBa XIHKa
OpToneanyHa onepauia 3 NpMBOAY TPaBMU KiHLIBKY

AKCUNAPHUA OOCTYN O1S aKCUAPHOro Br1oKy 3
JTirnakaiHoM Ta agpeHaniHom (TecToBa [403a).t0 NOoTiM
byniBakalH

2 3 XB — cyaoma

o Wenako possmnHynacsa goidpmnauis WiyHOYKIB

o lligTBepokeHa 3ynunHka cepug, novata CJIP — ALS 3a
npotokonom ( 1989)

o Hespana pedibpunsauis
2 1ron40 xB ALS



CPB LA OD CVS Resus

o YactkoBun CPB — R cTterHoBa apTepis Ta BeHa —
NoraHMn NOTIK—

TopakoTomia — noBHun CPB

[MoTik 3pic 3 2,5 n/xB oo 4.5 n/xB

OocarHyto CAT 40-50

[ToBHUI WITY4YHUK KpoBOoODOIr 1 rog 30 xB

[Ticna onepaduil yepes 1 rog — HopMmanbHUN SR

1 pik nicnsa — HopmanbHa LIHC + peabinitauia
YLKOOXKEHOI KIHLIBKM.

o O O O o o
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‘HopaApeHaAiH II0KA32aB HAUKPAIILll AKOCTI
Ha MOAEAAX TBAPUH

REGIONAL ANESTHESIA AND PAIN MANAGEMENT
SEcrioNn EDITOR
DENISE J. WEDEL

Resuscitation from Bupivacaine-Induced Asystole in Rats:
Comparison of Different Cardioactive Drugs

James E. Heavner, DvM, PhD*, Mikko T. Pitkdnen, MD, PhD*+, Bing Shi, MD, PhD*, and
Per H. Rosenberg, MD, PhD*+

*Department of Anesthesiology, Texas Tech University Health Sciences Center, Lubbock, Texas, and tT6616 Hospital,
Helsinki, Finland

The objective of this study was to compare the success
of resuscitation attempts with different cardioactive
drugs after bupivacaine-induced asystole. Saline, amri-
none (1 mg/kg), dopamine (5 nug/kg), norepinephrine
(2 pg/kg), epinephrine (10 ug/kg), or isoproterenol (1
ng/kg) were tested. Sixty rats assigned to six treatment
groups (n = 10/group) were lightly anesthetized (0.5%
halothane, 70% N,O), paralyzed (doxacurium), and
given bupivacaine intravenously at4mg - kg™~ ' - min '
until asystole. Five seconds later up to three treatment
drug doses were given at 30-s intervals. Then external
cardiac massage was instituted as needed. Spontaneous
heartbeat was restored in all animals given norepineph-
rine or epinephrine. It was not restored in one saline-

highest (best) arbitrary scores for overall resuscitation
success were achieved with norepinephrine and the
lowest with amrinone (P < 0.05). The incidence of ven-
tricular arrhythmias after resuscitation was signifi-
cantly higher (P < 0.05) in epinephrine- and isoproter-
enol-treated animals versus other animals. Cardiac
rhythm disturbance disappeared within 20 min after
successful resuscitation with norepinephrine. Amri-
none was no more effective than saline in treating bupi-
vacaine-induced asystole. A drug such as norepineph-
rine, which has both cardiostimulator (B,-receptor
agonist) and peripheral vasoconstrictor (a,-receptor
agonist) activity, may be the drug of choice for treating
asystole induced by bupivacaine.



Insulin Reverses Bupivacaine-Induced Cardiac Depression
in Dogs

Hyun S. Cho, MD*, Jeong |. Lee, MD*, Ik S. Chung, MD*, Byung S. Shin, MD*, Ji A. Kim, MD,
and Kook H. Lee, MD?

Department of Anesthesiology, *Samsung Medical Center, Sungkyunkwan University School of Medicine; and tCollege of
Medicine, Seoul National University, Seoul, Korea

We tested the hypothesis that an insulin infusion would
effectively treat bupivacaine-induced cardiac depression
in dogs. In 24 mongrel dogs anesthetized with pentobar-

bital (5 mg + kg™ +h™*, IV), 0.5% ban acaine was ad-

ministrated at a rate of 05 mg + kg™ min~" until the
mixed venous oxygen saturation decreased to60% or less.
The bupivacaine infusion induced a decrease in mean ar-
terial pressure, cardiac output, and heart rate. The dogs
were randomly assigned to one of four groups after the
end of bupivacaine infusion. The Control (C, n = 6) and
Glucose (G, 1 = 6) groups received an IV infusion of nor-
mal saline (2 mL/kg) and glucose (2 mL/kg of 50%
dextrose in water) for 15 min, respectively. The

Insulin-Glucose (IG, 1 = 6) group received an IV bolus of
regular insulin (1U/kg), plusaglucoseinfusion (2mL/kg
of 50% dextrose in water) for 15 min. The Insulin-Glucose-
Potassium (IGK, 1 = 6) group received the same dose of
insulin and glucose as the IG group, plus potassium (1I-
3mEq - kg™ - h™"). Mean arterial pressure, cardiac out-

put, heart rate, and mixed venous oxygen saturation re-

covered toward baseline level more rapidly in the IG and
IGK groupsthanin the C group (within 5 min versus more
than 20 min). These results suggest that the infusion of
insulin and glucose might reverse bupivacaine-induced

cardiac depression in dogs.
(Anesth Analg 2000,91:109-1102)
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AHani3 WwaHciB — BHYTPILLHbLOBEHHE
BBeAEHHS iHTpaninigy 30inbwye go3sy
oyniBakaiHy, sika NOTpidHa A5 PO3BUTKY
acucTonil y wypis.



[liATBEPAKEHO B YHCTOMY €KCIIEPUMEHT!

[TpoTokon 1 (lNonepenHe nikyBaHHA IHJY3IEID
IHTpaninigy)
dizionoriyHnm po34vnH (N=6)
10% iHTpaninig (n=6)
20% iHTpaninig (n=6)
30% iHTpaninig (n=6)
o [NpoTokon 2 (NopiBHAHHSA NeTanbHOCTI 3 PO3MaxoMm
bontocHMX 003 byniBakalHy nicnga peaHimMadii)
dizionoriyHMn po34vmH (N=6)
30% iHTpaninig (n=06)



# Saline Treated
O-Lipid Treated

JleTanbHicTb nicna B/B 6ONOCHOI

003K OyniBakaiHy B 3a5eXHOCTI

1.00 — BiZ peaHiMauii i3 3aCTOCyBaHHSAM

abo izapo3umHy abo ninigHol

emMynbcil. KoxkHa kpanka

0.75 - npeacrasnse gpakuito

0 neTanbHOCTI B rpyni 3 6 TBApWH

nicns BignNoBiaAHOI OONMKCHOI 403K
byniBakaiHy (OinbLu HiX B 10

o} pasic). BernimunHa LD50

0.25 ® cKknana 12.5 Mr/kr gns

CONnbOBOI peaHimauii Ta 18.5
0.00 T l 1 Mr/Kr Ans ninigHoi.
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[ Tiacymox

[1lpodpinakTnyHe BBEAEHHA IHTpaninigy nepea
peaHiMauiero 3cyBa€e KpuBy “[O03a — BiANOBIAbL
0o byniBakalH-iIHOYKOBAHOI acuCToril y WypiB.

Teopisa — 4aCTKOBO TNyMaynTn edpekT MOXKHa
OecTpykuieto byrniBakalHy B HOBOCTBOPEHIN
ninigHin dgaasi.

[1aHi pesynbTaT cBig4YaTh NPO MOXIUBICTb
NpM3HaYeHH4 NinigHol IHAY3il B NiKyBaHH]
KapAiarbHOI TOKCUYHOCTI Big OyniBakaiHy.



THTPAAITTIA®

3actocoByeTbcd 3 1960-x pp.
HyTpuuinHa nigTpuMka

€ B anTekax OinbLUOCTI WwnuTtanie



THTPAAITTIA®

BoaoHa emynbciga Ha onil col

[lepeBaxatoTb TpUrniuepuan 3 rmiuepuHom,
I3OTOHIYHICTb

docdoninian sevHoro binka ( 6ina [1%] ) €
eMynbratopom.

B KpoBi Kpanni XXupy qopMyTb XXUPOBI
acoujiauil, okpemi Big BOOHOI YaCTUHMK
nrasmm, B AKiN ninodinbHi cydcTaHuil
(byniBakalH) MOXe PO34YMHSATUCS.

[lponodon... CX0Xu 3a cKnaaom.

Weinberg, G. L., T. VadeBoncouer, et al. (1998). "Pretreatment or resuscitation with a lipid infusion shifts the dose-response to
bupivacaine-induced asystole in rats." Anesthesiology 88(4): 1071-5.




Mexanizm All — paHH1 TeOpii

B KpoBi Kpanni Xupy ¢popmMyroTb XUPOBI
acouiauil, oKpemi Biag BOOAHOI YaCTUHU NNa3Mu, B
AKin ninodginbHi cybcTaHuil (byniBakaiH) MOXYTb

PO3YNHATUCH. KoediuieHT xupoBoro:soaHoro 6ynisakainy = 11.9
CYTTEBO MiATPMMYE L0 MoAenb

Lli ninigHi acouiauili MOXyTb NPOABNATHU
AanaTKoBi, KOMNNEeKCHI papMakoguHaMiYHI
BnacTuBocTi. Jlinian TpaHCNOPTYOTb MOMEKYNu B
OopraHu — )KMpOBi aeno. Micna BBeaeHHs IHTpaninigy

3HUXKYETbCA KOHLUEHTpaLia BilbHOro dyniBakaiHy B nsasmi

IHy3ia ninigiB kKopucHa ansa piBHA MeTadornismy
(6yniBaKa'|'H nopyLwlye CUHTEe3 ATq)) Eledjam Ta cniBaBT B

1989 nokasanu, wWo npeiHkyo6auia 3 AT® nonepeaxae aenpecito CKOPOTIIMBOCTI ,
BUKNaKaHy OyniBakalHOM
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Lipid Emulsion Infusion Rescues Dogs From
Bupivacaine-Induced Cardiac Toxicity

Guy Weinberg, M.D., Richard Ripper, B.A., Douglas L. Feinstein, Ph.D., and
William Hoffman, Ph.D.

Background and Objectives: We previously demonstrated in rats that intravenous infusion of a lipid emul-
sion increases survival in resuscitation from severe bupivacaine cardiac toxicity. The present studies were
undertaken to determine if this method is similarly effective in a non-rodent model using a larger animal.

Methods: Bupivacaine, 10 mg/kg, was administered intravenously over 10 seconds to fasted dogs under
isoflurane general anesthesia. Resuscitation included 10 minutes of internal cardiac massage followed with
either saline or 20% lipid infusion, administered as a 4-mL/kg bolus followed by continuous infusion at 0.5
mL/kg/min for 10 minutes. Electrocardiogram (EKG), arterial blood pressure (BP), and myocardial pH (pHm)
and pO2 (pmO2) were continuously measured.

Results: Survival after 10 minutes of unsuccessful cardiac massage was successful for all lipid-treated dogs
(n = 6), but with no survivors in the saline controls (n = 6) (P < .01). Hemodynamics, PmO2, and pHm were
improved during resuscitation with lipid compared with saline treatment in which dogs did not recover.

Conclusions: We found that infusing a lipid emulsion during resuscitation from bupivacaine-induced cardiac
toxicity substantially improved hemodynamics, pm0O2, and pHm and increased survival in dogs. Reg Anesth Pain
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Table 1. MAP, HR, Pa02, PaC02, and pHa Under Baseline Conditions in Saline- and Lipid-Treated Dogs

MAP HR Pa02 PaC02
Group No. Treatment (mm Ho) (min-1) (mm H) (mm H) pHa
Saline b Baseline 91 +12 122 £17 236 + 69 ¥%£2 7.38 + 0,04
Recovery 10+38' 0"
Lipid 6 Baseline 96 + 14 128 £ 21 228 + 63 3+ 2 7.39 +0.02
Recovery 93+ 12 12618 212 1 56 ¥%£2 7.35 + 0,04
NOTE. Data are mean = SD.

*P <05 compared with baseline.



ExcrnepuMmeHT T2 pe3yAbTAT

12 cobak
daTtanbHa gosa mapkaiHy (10 mr/kr)
6 cobakam BBedeHO IHTpaninig — yci BUXUnu

6 cobakam BBeaeHO Pi3pO34MH — YCi
NoMepru.



Tunosunt ekcnepumeHT 3 [HTpasimaAom
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Fig 1. BP during a typical experiment. B indicates the
start of a bupivacaine 10 mg/kg bolus infusion. This is
taken as zero time. Criteria for circulatory collapse were
reached at 4.5 minutes, and internal cardiac massage,
indicated by C, was begun, causing the subsequent pres-
sure spikes that continued until shortly after the lipid
infusion, indicated by L, was begun at 15 minutes. Cir-
culation was sufficiently established by 26 minutes (after
roughly 10 minutes of lipid therapy) that isoflurane gen-
eral anesthesia was restarted, indicated by 1.
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Successful Use of a 20% Lipid Emulsion to Resuscitate a Patient
after a Presumed Bupivacaine-related Cardiac Arrest
Meg A. Rosenblatt, M.D.,” Mark Abel, M.D.,T Gregory W. Fischer, M.D.,T Chad J. ltzkovich, M.D.,¥ James B. Eisenkraft, M.D.§

THE infusion of a lipid emulsion has been shown to
increase the survival rates of both rats and dogs that have
been resuscitated after an overdose of bupivacaine.!=?
We report the first successful use of a 20% lipid infusion
to resuscitate a patient from a prolonged cardiac arrest
that immediately followed the placement of an inter-
scalene block with bupivacaine and mepivacaine.

Case Report

The patient was a 58-yr-old, 82-kg, 170-cm male who presented for
arthroscopic repair of a torn rotator cuff in the right shoulder. His
medical history was significant for coronary artery bypass graft surgery
atage 43 yr. He gave a history of angina upon exertion and occasionally
at rest. He declined further preoperative cardiac workup but was
considered by his cardiologist to be stable on medical therapy. This
included nitroglycerine as needed, lisinopril, atenolol isosorbide mono-
nitrate, and clopidogrel and enteric-coated aspirin, both of which had
been discontinued 1 week previously. His preoperative electrocardio-
gram revealed a right bundle-branch block, a left anterior hemiblock,
and evidence of an old anterior wall myocardial infarction.

The patient arrived at the operating room holding area, where
standard monitors were applied. Blood pressure was 120/80 mmHg,
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gen was delivered by a facemask attached to a self-inflating resuscita-
tion bag while 50 mg propofol was injected intravenously. The seizure
stopped, and spontaneous respirations resumed. Approximately 90 s
later, the patient began to seize again; this time, 100 mg intravenous
propofol was administered. The electrocardiogram showed asystole,
and no pulse, by carotid or femoral palpation, or blood pressure was
detectable. Advanced cardiac life support was immediately started. The
trachea was intubated, and end-tidal carbon dioxide was detected with
an EasyCap®™II (Nellcor Inc., Hayvward, CA). Tube position was con-
firmed by auscultation, after which chest compressions were immedi-
ately resumed. During the first 20 min of advanced cardiac life support,
a total of 3 mg epinephrine, given in divided doses, 2 mg atropine, 300
mg amiodarone, and 40 U arginine vasopressin were administered. In
addition, monophasic defibrillation was used at escalating energy lev-
els—200, 300, 360, and 360 J, according to the advanced cardiac life
support protocol. Cardiac rhythms included ventricular tachycardia
with a pulse, pulseless ventricular tachycardia that momentarily be-
came ventricular fibrillation, and eventually asystole. The arrhythmias
observed during most of the resuscitation period were pulseless ven-
tricular tachycardia and asystole.

After 20 min, at which time plans were being made to institute
cardiopulmonary bypass, the administration of a lipid emulsion was
suggested, and 100 ml of 20% Intralipid (for Baxter Pharmaceuticals by
Fresenius Kabi, Uppsala, Sweden) was given through the peripheral
intravenous catheter. Cardiac compressions continued, and a defibril-
lation shock at 360 J was given. Within seconds, a single sinus beat



YHonoBik 58 pokKiB, 82 Kr

BI/IHQ,AOK APMmpOoCKoniyHe 8iOHOBMEHHS

38'A3KU ripasoz2o rnseya.

AHaMHe3 XUTtTt4
ornepauisi aOpTOKOPOHAPHOIO LUYHTYBaHHA

CTHeokapais Hanpyrn, kapgionor nigTpumysaB CTabIfNbHICTb
MeoNKaMeHTO3HO.

JikyBaHHSA
HiTporniuepuH (3a noTpeboto), nisuHonpun, ateHonon, isocopbiay AiHiTpar,
Knoni,u,orpenb Ta eHTepaJ'IbHVII7I aCI'IipI/IH, KOXEH 3 siknx Byno BiaMiHEeHO 3a 1 TWXAeHb

Rosenblatt, M. A., M. Abel, et al. (2006). "Successful use of a 20% lipid emulsion to resuscitate a patient after a presumed
bupivacaine-related cardiac arrest." Anesthesiology 105(1): 217-8.




[TnekcvcHa nneyoBa
bnokana
40 mn po3qyuHy MA:

20 mn 6ynieakaiHy, 0.5%
ma

20 mn menieakainy, 1.5%
CtaHoapTHe MoHiTopyBaHHA, 50 mm EKI, BcTaHOBMEHO
ronky 22-G Stimuplex® Ta nigkno4yeHo o
HenpocTumynatopa Stimuplex®-DIG

MixxgpabHuaTin npocTip ineHTudikoBaHo Ha piBHI C6.
[1ne4oBe cnneTiHHA BU3Ha4YeHe cTumMynsuieto diuenca
(0.1 mc, 214) 0.34 MA

40 mn MA nosBinbHO BBEAEHO (NPUONMU3HO NPOTArom 2,5
XB) N0 5 MJ1 nopuiax 3 acnipauissMn Mixk dontocamu.

[TauieHT OyB aKTUBHUM Ta KOHTAKTHUM Mig Yac
BUKOHaHHSA bnokaan. XXoaHoro pasy He byno acnipauil
KPOBI, cKpar Ha Oifib Ta napecrTeasil.

Axecresis

PAhncanhlatt M A MM Ahal at Al /190NRN "Qirirracefiill 1ica nf 2 29N90/ IiniA amiileinn +A raciierifate 2 natinnt aftar A



Acucrtonis

SYHI/IHKB. ceprd CmaHOapmHul
npomokos1 ALS

Uepe3 30 cek BTpaTa KOHTAKTY, KNMOHIKO-TOHIYHA
cygoma. BHyTpilHbOBEHHO BBeAeHO 50 Mr nponodony.

Uepes 90 cek cyogomu novanu nostoptoBaTtmcs; 100 mr
nponodony B/B.

EKI nokasana acucrtoniro, nynbc BIACYTHIN.
[Tloganblua nigTpuMKa XUTTa Nnpotarom 20 XBUMUH.

LOonaHo 200 mr amogapony, 40 O arpiHiHy
Ba30MnpecuHy B/B.

Rosenblatt, M. A., M. Abel, et al. (2006). "Successful use of a 20% lipid emulsion to resuscitate a patient after a
presumed bupivacaine-related cardiac arrest." Anesthesiology 105(1): 217-8.




SYUHHKA CCprs 20% IHTpaninia®

[loyaTo cepueBO-nereHeBUN KOMMIEKC 3aX0AaiB

Yepes nendepiviinin B/B katetep BBegeHo 100 mn 20%
IHTpaninioy® (Baxter Pharmaceuticals , Fresenius Kabi,
Uppsala, LLBeuis)

[lpoTarom cekyHg Ha EKI 3apeecTtpoBaHO OOUHOYHUN
CUHYCOBUN KOMMNEKC, BBeaeHOo 1 Mr aTponiHy 1a 1 Mr
agpeHaniHy.

[TIpoTarom 15 cek npogoBXXyBaBCs 3aKpUTUN Macax
cepusd, puTM cepus NoBepHyBCS A0 CUHYCOBOIO 3
yacTtoToto 90 3a xB.

[Toyanaca iHy3ia ninigHoI eMynbCil Ta TpuBana 3i

wBnakicTio 0,5 Mn/kr/xB. npoTarom 2 roa, nicnsi 4oro Ii
notarnmifHeHO



BiarmoBAenHs

[TpnbnunsHo Yepes 2,5 roanHu nauieHTa NpodymaKeHo,
3HATO 3 LLIBJI Ta ekcTyboBaHoO.

AKTUBHUWN, ageKBaTHUIN, NpaBa BEPXHSA KIHLIBKA
3anuwanacs nig gieto 6nokaaw.

HeBpornoriyHux yLKoaKeHb He Oyno.

[1okasiB Npo BTOPUHHI yCKNagHeHHSs nicns BBeOeHHS
IHTpaniniay (Hanpuknag, naHkpeaTuT) HeMae.

Rosenblatt, M. A., M. Abel, et al. (2006). "Successful use of a 20% lipid emulsion to resuscitate a patient after a

presumed bupivacaine-related cardiac arrest." Anesthesiology 105(1): 217-8.
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CASE REPORT

Successful resuscitation of a patient with
ropivacaine-induced asystole after axillary plexus block
using lipid infusion*

R. J. Litz, M. Popp. S. N. Stehr and T. Koch

Department of Anaesthesiology and Intensive Care Medidne, Fetscher Str. 74, Unmniversity Hospital Dresden,
01307 Dresdenn, Germany

Summary

R opivacaine 1% 40 ml was mistakenly injected as part of an axillary plexus block in an 84—year-old
woman. After 15 min the patient complained of dizziness and drowsiness and developed a gen-

eralised tonic-clonic seizure followed by an asystolic cardiac arrest. After 10 min of unsuccessful

cardiopulmonary resuscitation, a bolus of 100 ml of Intralipid 20% (2 ml.kg ') was administered
followed by a continuous infusion of 10 ml.min~ '. After a total dose of 200 ml of Intralipid 20%
had been given spontaneous electrical activity and cardiac output was restored. The patient rec-—

overed completely. We believe the cardiovascular collapse was secondary to ropivacaine absorption
following the accidental overdose. This case shows that lipid infusion may have a beneficial role in
cases of local anaesthetic toxicity when conventional resuscitation has been unsuccessful.

Corresponidenice to: Rainer J. itz

E-mail: rainer. litz=(@uniklinikum-dresden .de

*Editor’s Note

Readers are directed to the associated correspondesice by Weinberg
inn this issue.

Accepted: 2 June 2006



’KiHka 84 poKiB,
50 kr, ASA Il

Bummaaoxk

Onepadig

KoHTpakTypa [ontoiTpeHa nig nnevyoBoro NieKCyCHO
aHecTe3sIe

AHaMHeE3 XXUTT4

INlerka dpopma cnHgpomy MopraH'i — Agamca — Ctokca
Left bundle branch block

Perypritauis miTpanbHOro 1a TpukycniganbHoro
knanaHiB |l ctyneHns.




40 mn 1%
Amnecresis (3amicTtb 0.5%)
poniBakaiHy

=« bnokaga nne4yoBoro crnmeTiHHS

« MA BBeOeHO nicns NOBTOPHUX acnipauinHnx npob




100 mn 20%

3yrmHKa cepris + IHTpaninigy
o OOJ1t0CHO, NOTIM
[arrpaairia iHDy3ia. 3aranbHa
no3a 200 mn

binga 2 XxBunuH nocnink y NnauieHTKU BUHMKNA
LUYHOYKOBA eKCTpacucTornis, dka nepenwuna B
Opapikapaito Ta acucTorniio.

CIIP — lNpotokon ALS

Uepes 10 xBunuH CJ1P 6ontocHo BBeaeHo 100 mn 20%
IHTpaniniay (Baxter Deutschland GmbH,
Unterschleissheim, Germany)

[ToTIM — nocTinHa iHdy3ia 10 mn/xs.
[Ticnga 3aranbHol gosu 200 mn (4 Mmn/kr)

3apeecTpoBaHO eNekTPUYHY akKTUBHICTL Y BUrNAA]
TaxiapuTMmil 3 yLLMPEHUM KOMIMNEKCOM



BianoBAeHHA BUOKE Ta NOBHE

[lauieHTKa nepeBegeHa y BIT Tta yepes 3 roa
ekcTyboBaHa. [NoganbLi goCnigKeHHA cepusi nokasanu
BIACYTHICTb IH(papKTy Miokapay / TEJIA

Uepes 4 OHI nauieHTKa NOBHICTHO BigHOBMNAcCH Ta
BUNKMCaAHa OO40MY.
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Case Report

Successful Resuscitation After Ropivacaine and
Lidocaine-Induced Ventricular Arrhythmia Following
Posterior Lumbar Plexus Block in a Child

Hugues Ludot, MD™*

We report the case of a 13-yr-old girl scheduled for knee surgery under general

anesthesia and posterior lumbar plexus block. A ventricular arrhythmia developed

Jean-Yves Tharin, MD*

15 min after local anesthetic injection. A 209% lipid emulsion was successful in

converting the ventricular arrhythmia to a sinus rhythm. This is consistent with

Mohamed Belouadah, MD+t

Jean-Xavier Mazoit, MD, PhDi§

previous reports suggesting that lipid emulsion is an effective emergency treatment
of local anesthetic toxicity. We recommend the immediate availability of lipid
emulsion along with other emergency therapeutics in operating rooms where local
anesthetics are used.

(Anesth Analg 2008;106:1572-4)

Jean-Marc Malinovsky, MD, PhD)||

IV lipid emulsion increases the lethal threshold and
decreases mortality after systemic overdose of local
anesthetics in animals.? Recent reports in humans
suggest that Intralipid® may be an effective therapy
for cardiac toxicity from high systemic concentrations
of ropivacaine and bupivacaine, even in patients for
whom conventional resuscitation is ineffective.®* We
report the successful use of 20% lipid infusion to treat
a ventricular arrhythmia after ropivacaine and lido-
caine injection in a psoas compartment block in a
child.

CASE REPORT
A 13-yr-old girl, weighing 55 kg, 162 cm tall, and ASA 1

was 88/45 mm Hg, pulse oximetry showed 99% saturation,
and end-tidal carbon dioxide was 41 mm Hg. After anes-
thetic induction the child was placed in the right lateral
decubitus position and a lumbar plexus block was per-
formed as described by Dadure et al.” The posterior lumbar
plexus block was achieved with an 18-gauge insulated
needle (Plexuolong®, Pajunk, Melsungen, Germany) using a
neurostimulator (HNS 11%, Braun, Germany), with a starting
output of 2 mA, 1 ms, and 1 Hz. We observed patellar
movements elicited by impulses of 0.50 mA. After a negative
aspiration test, a 2 mL mixture containing equal volumes of
1% lidocaine with added epinephrine 1/200,000 and 0.75%
ropivacaine was injected through the needle. Although
using the same intensity of impulse, muscular contractions
disappeared, and reappeared by using 2 mA impulses. Vital
signs remained unchanged throughout administration. A total
volume of 20 mL of the same lidocaine /ropivacaine solution
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using the same intensity of impulse, muscular contractions
disappeared, and reappeared by using 2 mA impulses. Vital
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A 13-yr-old girl, weighing 55 kg, 162 cm tall, and ASA 1 volume of 20 mL of the same lidocaine /ropivacaine solution
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thetic induction the child was placed in the right lateral
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plexus block was achieved with an 18-gauge insulated
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Case Report

Intravenous Lipid Infusion in the Successful
Resuscitation of Local Anesthetic-Induced Cardiovascular
Collapse After Supraclavicular Brachial Plexus Block

Julio A. Warren, MD

We describe a case of successful resuscitation with an IV lipid infusion of local

anesthetic-induced cardiovascular toxicity after supraclavicular brachial plexus

R. Brian Thoma, MD

block with mepivacaine and bupivacaine. Lipid therapy was initiated after 10 min

of unsuccessful resuscitation and resulted in restoration of cardiovascular activity

Alexandru Georgescu, MD

Saurin J. Shah, MD

and hemodynamic stability. This case illustrates the utility of IV lipid therapy in the
treatment of local anesthetic toxicity.
(Anesth Analg 2008;106:1578-80)

Rescue from bupivacaine-induced cardiovascular
collapse with IV liEid therapy has been investigated in
animal models.! As a result, lipid therapy was
proposed for treatment of such local anesthetic toxic-
ity*~® and was described in resuscitations of patients
with bupivacaine and ropivacaine-induced asystole.”*
We report the successful resuscitation of a patient with
IV lipid infusion following cardiovascular collapse
after supraclavicular brachial plexus block with mepi-
vacaine and bupivacaine.

CASE REPORT

A 60-yr-old man, weighing 83 kg, presented for revision

AF laofr rimrnor aoviramibir hacilic sroin fichila Portinont hickars

monitored in the preoperative holding area; he followed
commands appropriately, and his vital signs were stable.
Five minutes later, he began to exhibit labored respira-
tions with bilateral breath sounds, followed by apnea and
unresponsiveness. Pulselessness developed, and cardiopul-
monary resuscitation (CPR) was initiated. His cardiac
rhythm degenerated. He was given atropine 1 mg IV,
epinephrine 1 mg IV increments (total 3 mg), vasopressin 40
U, 100 mL 8.49% sodium bicarbonate, and magnesium sulfate
6 g over 10 min, including 11 successive defibrillations (up
to 360 J) with minimal brief periods of perfusing heart
rhythms but no restoration of sustained cardiovascular
activity. Liposyn III 20% IV fat emulsion (Hospira, Inc., Lake
Forest, IL) was administered centrally via infusion without
bolus (250 mL over 30 min) beginning 10 min after CPR was
initiated. Repeated defibrillations during lipid infusion pro-
duced successively longer intervals of sustained cardiac
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Timeline of critical events with cardiac rhythm strips
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ide complex r
5 min: No further defibrillations
Respiratory & IV lipid infusion continued (total 250 cc)
' - 15 min: BP 178/88
cardiovascular collapse; 20% Lipid emulsion IV
called for code cart;

infusion started

subsequent intubation 17 min: Labs drawn

Time Zero:
Supraclavicular
block, final local
anesthetic
injection given ;
16 min:
Right radial arterial line inserted,
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8 min: Ventricular fibrillation, 1¢ defibrillation 13 min: Refractory V-fib, 11*" defibrillation

Figure 2. Timeline of critical events with cardiac rhythm strips. BP = arterial blood pressure; V-fib = ventricular fibrillation.
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Editorial
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a® Lipid Infusion Therapy: Translation to

Guy L. Weinberg, MD

Clinical Practice

hese are heady days for the regional anesthesia community. Ultrasound
technology and continuous-infusion catheters hold the promise for increas-
ing the popularity and utility of perioperative regional anesthesia. This
issue of Anesthesia & Analgesia includes a series of articles on an apparently
effective treatment for the most devastating complication of regional
anesthesia: cardiovascular collapse from local anesthetic overdose.'™*

The systemic toxicity from local anesthetic overdose was first described
by Mayer in a 1928 report of 40 fatalities related to local anesthesia.” The
risk from modern lipophilic local anesthetics was highlighted by George
Albright in a seminal editorial in 1979.° Since then, the molecular mecha-
nisms, clinical spectrum, and treatment of local anesthetic cardiac toxicity
have been carefully described. Until recently, cardiopulmonary bypass
was the only method shown effective in treating refractory cardiac arrest
from local anesthetic overdose.”

Three laboratory reports over the past decade have shown that infusion
of lipid elnulsion mitigates otherwise overwhelming bupivacaine toxicity
in animals®” and in an isolated rat heart.’® Rosenblatt et al. subsequentlv
reported rapid resuscitation after lipid infusion in a patient who failed
standard advanced cardiac life support measures for cardiac arrest after
brachial plexus anesthesia.'’ Similar reports by Litz et al.,'* Foxall et al.,*?

and Zimmer et al.'* give added support to the use of lipid emulsion for
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3 NoBigOMIIEHHSA (Ha TOU Yac)

llLuemivyHa xBopoba cepuda Ta apuUTmil
CnpusATb TOKCU4YHOCTI MA

Litz et al. — npeactasnnm papmMmakoKiIHETUYHI
OaHl Npo piBHI MeniBakalHy y cupoBaTui 4o Ta
nicnga npusHadvyeHHa IHTpaniniay

o PiBHi MeniBakalHy 3HMXanuca OinbLw WBuUaKo
nicnsa iHya3ii ninigis Ta Bu3Havanucsa t1/2

o Lle nigTBepoxye Teopito “ninigHoro amuey”

Weinberg, G. L. (2008). "Lipid infusion therapy: translation to clinical practice."
Anesth Analg 106(5): 1340-2.




3 Teopﬁ' - OHOBACHHS

Teopia “ninigHoro amuBy” - ninodginesHi monekynu MA
PO3OINATLCA B XXMPOBOMY CepPeaOoBULL, LLO
IHAKTUBYE IX ONA TKAHWH. — KOHLUENTYalribHO MPOoCTO,
arie MoOXnnBo Hacnpashi cknagHiwe, HiXK 30a€eTbCA.

MeTaboniyHe NpuUrHiYyeHHs — byniBakalH NPUrHivye
NpoAYKLi0 XXUPHUX KNCNOT HA BHYTPILLHIN
MiTOXOHApiIanbHIn MembpaHi. Jlinian ranbMytoTb Ui
npouecu Ta CcnpusitoTb OKCUAaLlil rofiIoBHOro aXxepena
eHepril ans cepus.

Stehr et al nokasanu, Wwo IHJQY3ig9 Mae N03NTUBHUM
IHOTPOMHUU edpeKT B i130/IbOBAHOMY CcepLi

Stehr SN, Pexa A, Hannack S, Heintz A, Heller AR, Deussen A,Koch T, Hu™ bler M. The effects of lipid infusion on myocardial function and
bioenergetics in I-bupivacaine toxicity in the isolated rat heart. Anesth Analg 2007;104:186-92




Editorial

@® Lipid Emulsion for the Treatment of

Local Anesthetic Toxicity: Patient
Safety Implications

Sorin J. Brull, MD There is little question that the absolute, scientific “proof” of lipid

emulsion’s efficacy in reversing local anesthetic-induced cardiac arrest is
yet lacking. Such a proof would require prospective, double-blind,
placebo-controlled studies in humans, and such studies will thankfully
never be performed, for obvious ethical reasons. However, when deciding
on the patient safety implications of a novel, potentially life-saving,
therapy, one must consider the tenuous and often unknown balance
between the purported benefits and potential risks.

BENEFITS

On the one hand, it is obvious from the published case reports
(including the three manuscripts in this issue of the journal),'™ and the
anecdotal “evidence” posted on the web at www lipidrescue.org, that lipid
emulsion (LE) has been used successfully to reverse local anesthetic
toxicity. First, it should be noted that it is indeed reversal of “local
anesthetic” cardiac toxicity, not just “bupivacaine”-induced cardiac toxic-
ity that responds to LE treatment.®*” In fact, there is also published
evidence that overdoses with other lipid-soluble drugs (such as bupropion,
lamotrigine, verapamil, and clomipramine) may respond equally well to
LE therapy.®~® Second, recent reports attest to the efficacy of LE therapy in
reversing the central nervous system (CNS) toxicity.?® This finding may be
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THE ASSOCIATION OF ANAESTHETISTS
of Great Britain & Ireland

Guidelines for the Management of Severe Local Anaesthetic Toxicity

Signs of severe toxicity:

. Sudden loss of consciousness, with or without tonic-clonic convulsions

. Cardiovascular collapse: sinus bradycardia, conduction blocks, asystole and ventricular tachyarrhythmias
may all occur

. Local anaesthetic (LA) toxicity may occur some time after the initial injection

Immediate management:
. Stop injecting the LA

Call for help

Maintain the airway and, if necessary, secure it with a tracheal tube
Give 100% oxygen and ensure adequate lung ventilation (hyperventilation may help by increasing pH in the
presence of metabolic acidosis)
Confirm or establish intravenous access
Control seizures: give a benzodiazepine, thiopental or propofol in small incremental doses
. Assess cardiovascular status throughout

© The Association of Anaesthetists of Great Britain & Ireland 2007
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Immediate management:
*  Stop injecting the LA

o Call for help

¢ Maintain the airway and, if necessary, secure it with a tracheal tube

«  Give 100% oxygen and ensure adequate lung ventilation (hyperventilation may help by increasing pH in the
presence of metabolic acidosis)

Confirm or establish intravenous access

«  Control seizures: give a benzodiazepine, thiopental or propofol in small incremental doses

o Assess cardiovascular status throughout

© The Association of Anaesthetists of Great Britain & Ireland 2007
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Management of cardiac arrest associated with LA injection:
v Start cardiopulmonary resuscitation (CPR) using standard protocols
v Manage arrhythmias using the same protocols, recognising that they may be very refractory to treatment
v Prolonged resuscitation may be necessary; it may be appropriate to consider other options:
0 Consider the use of cardiopulmonary bypass if available
o Consider treatment with lipid emulsion

© The Association of Anaesthetists of Great Britain & Ireland 2007
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Treatment of cardiac arrest with lipid emulsion: (approximate doses are given in red for a 70-kg patient)

*  Give an intravenous bolus injection of Intralipid® 20% 1.5 ml.kg" over 1 min
o Give a bolus of 100 ml

*  Continue CPR

¢ Startan intravenous infusion of Intralipid® 20% at 0.25 ml.kg".min
o Give at a rate of 400 ml over 20 min

¢ Repeat the bolus injection twice at 5 min intervals if an adequate circulation has not been restored
o Give two further boluses of 100 ml at 5 min intervals

o After another 5 min, increase the rate to 0.5 ml.kg".min"" if an adequate circulation has not been restored
o Give at a rate of 400 ml over 10 min

¢ Continue infusion until a stable and adequate circulation has been restored

© The Association of Anaesthetists of Great Britain & Ireland 2007



Follow-up action:

*  Report cases from the United Kingdom to the National Patient Safety Agency (via www.npsa.nhs.uk). Cases
from the Republic of Ireland should be reported to the Irish Medicines Board. Whether or not lipid emulsion is
administered, please also report cases to the LipidRescue™ site: www.lipidrescue.org.

e Ifpossible, take blood samples into a plain tube and a heparinised tube before and after lipid emulsion
administration and at 1 h intervals afterwards. Ask your laboratory to measure LA and triglyceride levels (these
have not yet been reported in a human case of LA intoxication treated with lipid).

¢ Please read the notes overleaf

2007, UK, Acorriariisa aHecre310AO0T1B

Your nearest bag of Intralipid® is kept

© The Association of Anaesthetists of Great Britain & Ireland 2007
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Intralipid® 20% has been shown to reverse LA-induced cardiac arrest in animal models [1,2] and in human
case reports [3,4], and its use has been reported in the treatment of life-threatening toxicity without cardiac
arrest [5]. Its therapeutic potential has been highlighted by the National Patient Safety Agency [6].

Intralipid® 20% 1000 ml should be immediately available in all areas where potentially cardiotoxic doses of
local anaesthetics are given, along with guidelines for its use.

In the UK, Intralipid® is distributed by Fresenius Kabi Ltd. It is distributed in the Republic of Ireland by Cahill
May Roberts,

Intralipid® is readily available from most hospital pharmacies, which may also be able to help departments with
timely replacement of bags nearing expiry.

The usefulness of other lipid emulsions is not known, as published work to date has only used Intralipid®.
Although some propofol preparations are provided in Intralipid®, e.g. Diprivan®, these are not a suitable
alternative, due to the significant cardiovascular depression caused by the propofol. This does not preclude the
use of small, incremental doses of propofol to control seizures,

The use of Intralipid® in this way is relatively novel. Therefore, future laboratory and clinical experiences are
likely to dictate further refinement of the method,

This guideline document will be reviewed regularly and updated when necessary. Updated versions will be
available on http:/www.aagbi.org and http:/www.lipidrescue.org.

Further educational matter is available at http:/wwwlipidrescue.org,

© The Association of Anaesthetists of Great Britain & Ireland 2007
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or treatment plan must be made by the clinician in the light of the clinical data presented and the diagnostic and
treatment options available.

© The Association of Anaesthetists of Great Britain & Ireland 2007



WASHINGTON e WA 01|

POISON
CENTER

111

IV.

Case Management .. s

Fax:  206.526.8490

Guideline —

Emergency: 1.800.222.1222

INTRALIPID USE

Purpose: To provide guidance on the use of Intralipid as an antidote.

Background: Intralipid is developing support as a potential antidote for intravenous administration of
local anesthetics. It also has demonstrated recent promise in animal models of toxicity with other lipid
soluble agents, including calcium channel antagonists and cyclic antidepressants. Currently available

data is very limited.

Indications: Cardiac arrest due to local anesthetic toxicity. Most commonly bupivacaine,. However
may be useful for other agents with high lipid solubility.

Contraindications: None known

Procedure:
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INTRALIPID USE

L Purpose: To provide guidance on the use of Intralipid as an antidote.

18 Background: Intralipid is developing suppon asa potenunl antidote for intravenous administration of
Iocnl amslheucs Il ulw has d reccnt i m imal models of wxnuty mlh olhcr hpld

w Procedure for a 70 kg patlent (500 mL lntrahpld 20%):
m. m Ay Continue cardiopulmonary resuscitation and standard therapies.
w & B) Draw 100 mL Intralipid from the bag and give as a bolus over 1 minute.
v. @ C)  Run the remaining 400 mL Intralipid over 25 minutes.
» D) Repeat the 100 mL bolus in 3-5 minutes (up to twice, total 300 mL) if circulation not restored.
» E)  Continue infusion until hemodynamic stability restored.
F) Maximum recommended total dose of 500 mL.

VI.  Procedure for a 70 kg patieat (500 mL Intralipid 20%)
A)  Continue cardiopulmonary n and d therapi
B) Draw 100 mL Intral:pud from the bag and give as a bolus over I minute.
C) Run the remaining 400 mL Intralipid over 25 minutes.
D) Repeat the 100 mL bolus in 3-5 minutes (up to twice, total 300 mL) if circulation not restored.
E) Continue infusion until hemodynamic stability restored.
F) Maximum recommended total dose of 500 mL.

VII.  For further information and to report the use of Intralipid, please see this website: www.lipidrescure.org

M0 FsoF
William T. Hurley, M.D., M Director Date

Approved: 6-07
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KAIHIUYHUN IIPOTOKOA
HAAAHHA MEAUYHOI AOLIOMOTU XBOPUM 1
IIOCTPAYKAAAUM 3 TAXKKUM OTPYEHHAM
micrieBuUM aHecTeTukoMm (MA)

Koa MKX-10: T41.3




O3Haku Ta KpuTepii AlATHOCTUKU
3aXBOPIOBAHHA

OTpyeHHA MicLeBUM aHecTeTUKom (MA)
MOXe CTaTUCS nig vyac abo nicng BUKOHAHHS
enifypanbHOT, NpOBIAHUKOBOI (BKTHOYHO 3
napaLepsikanbHOKO B aKylLepCTsi Ta
riHekonorii, AeHTanbHUMK bnokaaamm y
CTOMATOSIOrIT), IHPINbTPALIUHOL,
noesepxHeeoi (Ha cnnu3oBsux abo
NOLKOAXEHIU LWKIpi) Ta BHYTPiLWUHbOBEHHOI
perioHapHoI aHecTesil.



OcobnUBO BENUKUM € PUUK OTPYEHHS
NiAOKATHOM (Yepe3 MOXNUBICTb
NOMUIIKOBOIO 3acTocyBaHHA 10% 3amicTb
2% po3umHy) i MA Tpueanoi aii (bynisaxaiH,
poniBakdiH) Yepes ixX 3HauHy abcopbuiro Ao
MioKapAa.



TTeplwi NposaBU OTPYEHHS MOXYTb 3'9BUTUCS
MUTTEBO abO 3a AeaKUU Yac nicns
3acTocyBaHHa MA. MUTTEBUM NOYATOK
MOXJIMBUU NpPU iIHTPABA3ASIbHOMY
noTpanngaHHi MA (HecnpaBHICTb MaHXeTU
NpU BHYTPILWHbOBEHHIW perioHapHIu
aHecTe3il ab0 HeHaBMUCHe BBeAeHHSa A0
BeHU uu apTepii) abo BAMXAHHI aepo30nto
(NipokdiH cnpen y ctomatonorit).



BiacTpoyeHUM nouaTtok MOXIUBUK NiCNS
3aCTOCYBAHHSA 3HA4YHUX 003 MA ynpoaoBx
nepwmux 30 xeunuH (Hanuyactiwe - mix 10-
ro Ta 20-H0 XBUNUHAMMU), XOY OMNUCAHI
BUNAAKU NeplinX npossiB 3a Kifibka roauH
nicns T.38. TYMeECLEHTHO! iIHPIiNbTpaUiUHOI
aHecTesil BeNUKUMU [03aMU STIA0KATHY npuU
ninocakuir (piseHb aokasosocTi C)



IIpoaBu Taxkoro orpyeHHA MA:

3 OOKY LleHTpanbHOI HEPBOBOI CUCTEMMU
(LUHC): panTtosi nopyLleHHA AyLweBHOro
CTaHy, 3Ha4He 30ymKeHHAa abo
HEMPUTOMHICTb, I3 TOHIKO-KNMOHIYHUMU
KOHBYINbCIAMN abo 6e3 H1X (Npu noBifIbHOMY
Nno4vyaTKoBI MOXIMBI NepenBICHUKMN.
3anamMopoYveHH4, O3BIH Y Byxax, ABOIHHA B
o4yax, MeTaneBuu npucmak y pori,
3aHENOKOEHHS, HICTarMm, NOCMUKYBaHHA M’
A3iB, COHJINBICTb);



IIpoaBu Taxkoro orpyeHHA MA:

3 OOKYy cepLEeBO-CYOMHHOI CUCTEMU: CEPLIEBO-
CyOUHHWUU Kosanc (HecTabIiNbHICTb
remogmnHamikm, abo cuHycoBa bpaaunkapais,
abo nopyLueHHsA npoBigHOCTI, abo acucTtoniq,
abo LWNYHOYKOBI TaxiapuTmMil).



AundepeHiiiitHa Al1arHOCTUKA

Bucokuu abo HagiTb TOTanbHUK enigypanbHU 610K,
MOXIIMBUU NpU HaamipHOMy ob'emi MA ans
eniaypasnbHOI aHecTesli, TAKOX NpOSBASETbCS
6paauvKapaicro, apTepianbHOO riNOTEH3IEr, Npu
pieHi 6510Ky BULle C4 - anHoe, ane 6e3
HENPUTOMHOCTI Ta PO3LIMPEHHS 3iHULIb.

TTepwa aonomora - LUBJ1, npu 6paankapaii -
aTponiH, Npu apTepianbHIUA FNOTeH3sIl -
CUMMNATOMIMETUKM.



AundepeHiiiitHa Al1arHOCTUKA

AHAMINAKTUYHUU WOK Ha MA, 0c0bNMBO - amidHi,
bysae KasyicTUUHO piako (6inbw BiporiaHo - Ha byAab-
KU KOMMOHEHT npemeaukauii). Takox
NPOABMIAETHCA APTEPianIbHOO FiINOTEH3IER), IHKONU -
NopyLeHHIMU CBiAOMOCTI (6e3 KOHBYIbCIN). Ane
neplwum npossom 3assuuam bysae 6poHxocnasm
(CBUCTAYI XpUNU Ha BUAUXY, CKAPTU Ha 3a4yXY),
Hepiako byeae ijonmal—lmusl (Habpak LWKipy 3
NOYEPBOHIHHAM).

TTepwa aonomora - aapeHaniH, rinFoKOKOpPTUKOIAW,
GHTAroHICTU riCTaAMIHOBUX peLienTopis..



AundepeHiiiitHa Al1arHOCTUKA

30MniHHA (CUHKONA) TAKOX NPOABNAETHCS
HENPUTOMHICTHO (IHKOMU - 3 KOHBYIbCISMU),
6paauvkapaiero, apTepianbHOKO rinoTeHsieko,
3a38M4aU - lWie neped yseaeHHam MA, ocobnueo -y
CUASYOMY MONOXKEHHi, y cToMaTosnorii - npu
3aKUAAGHHI rOJ10BU.

YKNaAaHHA HaB3HaK (Ha CNUHY), SK Npasmuno,
NpU3BOAUTL A0 NOJErLeHHs.



AundepeHiiiitHa Al1arHOCTUKA

Bucokuu abo HaeiTb TOTANbHUMN CMUHHOMO3KOBUU
610K, MOXITUBUU NPU HEHABMUCHOMY BBeAeHHI MA
AO NiANABYTUHHOMO NPOCTOPY NiA 4ac BUKOHAHHS
eniaypanbHoi aHecTesii (BKNFOYHO 3 KayAanbHO),
napasepTebpanbHOI 6110KaaU Ha byab-9KOMY piBHI,
IHTepCKaneHHoT 6n1oKaau NNeyoBoro CneTeHHs,
6nokaau .cu:g/ro'f FinIkK TpidacToro Hepea (hervus
maxillaris) 6ina kpyrnoro otsopy, 6nokaau
3ipyYacToro By3na, TAKOX NPOSABINETbCA
6paavikapaiero, apTepianbHOKO FiNOTeHsielo, Npu
pIBHI 510Ky BULe C4 - anHoe, a NpU TOTaslbHOMY
6710KOBI - Lie U HEMPUTOMHICTHO Ta MAKCUMASTBHUM
PO3LWUpPEeHHIM 060X 3iHULIb.

TTepwa aonomora - LUBJ1, npu 6paankapaii -
aTpofiH, ApU-apTepianbHiA FIROTeH3H -
CUMMATOMIMETUKMU.



AlarHoCTUYHA ITporpama

KniHiYHi meToau: OUiHKA NPUTOMHOCTI, AUXAHHS (MOXnuBe
anHoe HABiTb MpU BiACYTHOCTI CyAOM), Nynbcy (PUTMIYHOCTI,
NPUBNU3ZHOT YACTOTU, HAMPYXXEHHS, HaMOBHeHHs). TouHe
BUMiptoBaHHA HCC i apTepiasibHOrO TUCKY MpU BIACYTHOCTI
MOHITOpPA Ta MOMIYHUKIB MOXe NuLle 3aTPUMATU peaHiMalinHI
3axoau.

INabopatopHi metoam (pH, Pa02, PaCO2, nnasmosui piseHb
MA) manonocTynHi B Takivi cUTyauil i He NOBUHHI BiABOMIKATU
Bifl peaHimaLiiHUX 3aXOAiB.

IHCTpyMeHTasIbHIi MeTOAU: AKLLO YCKIIaAHEHHS TpPanuiock npu
3apaHi NiAKIFOYeHOMY MOHiTopi, EKT™ aAonomoxe ouiHUTK
XapakTep apUTMIl, NyNbCOKCUMETPINA -~ CTAH OKCUreHauil |
HasBHICTb CepLieBOro BUKUAY, KanHorpamia - CTaH BeHTUNaUIT,
SKWO MOHITOp He byB NiAKNFOYEHUU 3apaHi, MOWYKU NpUnaais
He NMOBUHHI BIABONIKATU Bif, peaHiMaLiHUX 3aXO0AiB.



AikyBaAbHaA IIporpama

TTpunuHUTU BBepeHHs MA.
Knukatu Ha aonomory.

TTiaTpyumysaT NpoxiaHICTb AUXANbHUX WNAXIB, NPU
notpebi Ta MoXnueocCTi - iHTybauieto Tpaxei (piBeHb
AokasoBocTi C). SKWo camocTiHa abo WTyYyHa BeHTUnNALis
nereHo moxnuea 6e3 iHTybauii Tpaxei, kpauie ii He
BUKOHYBATK (MOXe nepepeaTu BEHTUNALIFO HA 3HAYHUM Yac
i CNPOBOKYBATU ACUCTONIHO).

TToaaeatn 100% kuceHb (Npu HasBHOCTI) i 3a6e3neunTn
AOCTATHIO BeHTUNAUI0, Npyu noTpebi - WTyYHy BeHTUNALIIO
(rinepeBeHTUNAUIA 3HUXYe pH npu meTaboniyHomy aumposi,
3MeHLYHOUU pU3UK CepLeBUX apuTMIlA).

TTepesiput ab6o 3abe3neynTu BeHO3HUU AOCTYN.



AikyBaAbHaA IIporpama

TToaymatu npo sBepeHHa NiniaHOT emynbcii 6e3
nepesullieHH peKOMeHAOBAHOr O iHCTPYKLIiaMU Temny
KpannuHHoro ssefeHHa (ocobnueo Ue cTocyeTbea
NinogpyHAUHY Ta iHWUX Npenaparis, WO MICTATb HATPIlO
onear).

SKWO KOHBYNbCIT He NpUNUHUNUCA cami, cnpobysaTu
YCYHYTU X MIHIMANIbBHUMU NOBTOPHUMMU BHYTPIlHbOBEHHUMU
no3amu beHsopiaseniHie (miaasonam, aiasenam), abo
MiopenakcaHTa KopoTtkoi Aii, abo TtioneHTany, abo
nponogony, maroum Ha ysasi, WO TioneHTan i nponogon
MOXYTb CNpUUYUHATU BpaauKapAilto Ta 3HUXEeHHS
apTepianbHoOro TUcKy, ocobnueo 6es npemeaukauii
aTponiHom (piseHb AaokasoeocTi C).

TToctiiHO ouiHOBATU CTAH CepLeBO-CYAUHHOT CUCTEMU.



AikyBaAbHaA IIporpama

TTpu 3HuxeHHi YCC po 60 ya./xs8 - BHYTpilWWHbOBEHHO
atponiH (0,02 mr/kr, ane He 6inbwe 1 mr).

TTpu 3HuxeHHi YCC po 30 ya./xs8 - BHYTpilWHbOBEHHO
anBeHaniH (nopuismu no 0,01 mr/kr, aopocnum - no
0,01-0,1 mr - meHwe, HiX NpU CTAHAAPTHIU peaHimalii)
Ao niasuweHHa YCC. Sxuwo HYCC He 3poctae - macax
cepus.

TTpy wnyHoukoBUX TAXiapUTMIAX YHUKATU 3GCTOCYBAHHS
6nokartopis kanbuieBUX KaHanis, bera-6nokaropis,
nipokaiHy Ta HosokaiHamiay (piseHb aokasosocTi D);
nepesara HaAaeTbca amionapoHy (piseHb aokasosocTi C).



IIpu acucroaii a00 HIAYHOUYKOBIN
apuTMii 0€3 NyABCY:

A. PosnouaTtu cTaHAApTHY cepLeBoO-nereHey
peaHimauito (CI1P), ane npu 3acTtocyBaHHs
aapeHaniHy nepesary cnig HAAABATU MeHLIUM
(aopocnum - no 0,01-0,1 mr) ao3am (piseHb
nokasosocTi D).

B. YcyBatu apuTmii 3a cTaHAGPTHUMU
NMPOTOKOIGMU, 3 YPAXYBAHHAM TOrO, WO GPUTMIT
MOXYTb 6YTU CTIMKUMMU,

C. TTpu Tpueaniu 6e3ycnilwHin peaHimauii
PO3rNAHYTU AOUINbHICTb 30CTOCYBAHHS XWUPOBOT
emynbcit (IHTpaninig 20%, piseHb aokasoBocTi C)
30 HACTYNHUM NPOTOKONOM (Y AYKKAX KypCUBOM -
A03U ANna Aaopocnoro 3 macoro Tina 70 Kr):



IIpu acucroaii a00 HIAYHOUYKOBIN
apuTMii 0€3 NyABCY:

IHTpaninia 20%,

a) BHYTpilWHbOBEHHO BNpoAoBX 1 XBUNUHU -

6ontoc emynbcii, 1,5 mn/kr (gopocrnomy - 6onroc
100 mn);

b) npoaoexutu CI1P;

C) pO3M0OYaTU BHYTPILWHbOBEHHY IH(PY3iFO eMYNbCil,
0,25 mn/kr 3a xeunuHy abo x 15 mn/kr 3a roguHy
(Bopocnomy - 400 mn 3a 20 xBUSUH);

d) uepe3 5 xBUNUH, SKLWO afeKBATHUU KpOBOObIr
He BiAHOBUBCS, NOBTOPUTU b6ONHOC ABIMI 3 D-
XBUSIMHHUM iHTepBasiom (Jopocsiomy - We ABa
6onrocu no 100 mn i3 B-XBUAUMHHUM IHTEpBASIOM);



IIpu acucroaii a00 HIAYHOUYKOBIN
apuTMii 0€3 NyABCY:

Yyepe3 D XBUMUH NicNg TOro, aKWo
aAeKBaTHUU KpOBOObIT He BIAHOBUBCA,
NiABUWUTM Temn iHPys3iT go 0,5 mn/kr 3a
XBUITMHY abo x 15 mn/Kkr 3a roanHy
(aopocriomy - 400 mn 3a 10 xBUSUH);

npoaosxysatu CI1P Ta iH®pY3iko XUPOBOI
eMynbCii A0 BiAHOBNEHHS cTabinbHOro
afAeKBaTHOro Kpoeoobiry abo aocarHeHHs
MAKCUMANbHOT NpUNYCTUMOT A03u 12
mn/kr (aopocrniomy - 840 mn).



NOTE TO FILE

A. JTikyBaGHHS XUPOBOHO eMynibCieto byae
ePeKTUBHUM NULLe 3a YMOBU NPOAOBXKEHHS
6e3nepepeHoi CI1P.

B. [1na BigHOBNEHHs cepLeBOT AianNbHOCTI Nicns
iIHTOKCUKaLiT MA Tpueanoi ait (bynisakdiH,
poniBakdiH) moxe 3Hagobutuca Tpmsana CJ1P.

C. Manxe B yCix BUNAAKAx yCnilwHOro «ninigHoro
NOpATYHKY» 6ynm 3actocoeaHi Intralipid 207% abo
Liposyn, gaki He micTaTb HaTpito onear. JliniagHi
emyJnbCii, WO MicTaTb HaTpito oneat (Lipofundin
TOLLO), He MOXHA BBOAUTU BHYTPiLUHbOBEHHO
60NHOCOM - Lie MOXe CNPUYUHUTU FoCTpe
YLWKOAXEHHS nereHb.



NOTE TO FILE

D. NlinigHi emynbcii i3 cepeAHbO-NAHLFOXKOBUMMU
XUpHUMU Kucnotamm (MCT/LCT) ripwe
abcopbytoTb byniBakdiH, 1eBo6YMiBAKAIH |
pONIBAKAIH.

E. TTponogon, xou yci Moro npenapatv po3ynHeHi
8 IHTpaniniai, He MOXe 3aCTOCOBYBATUCh 3AMICTb
XUpOBOI emynbCii (piBeHb Aoka3oBocCTi D),
OCKIiSTIbKU TOAI A0 iHTOKcUKauii MA poaacTbes
IHTOKCUKaLis Nponogonom (Moro BesnuKi 403U
CNPUUUHATL 6paauKapAito Ta rinoTeHsito).

F. BasonpecuH npu ao iHTokcukauii MA He
pekoMeHAoBaHUU (piBeHb Aoka3zoeocTi C).



Poboui micus, Ae 3aCcTOCOBYHOTHCS
3HauUHI Ao3m MA, maroTb byTH
OCHQALLEeHI:

a) TakKUMW XX MOHITOpaMu, K Npu NpPoBeAEHH]
HapKo3y;

b) NOBHMM peaHiMaLiMHUM OCHALLEHHSAM;

C) >Knposoto emynbcieto (IHTpaninig 20%) — 1
n.



3anobiraHHs

1. JOTpUMGAHHSA NpUNYCTUMUX A03 | KOHLIeHTpaUil,
ocobnuea ysara - KOHLUeHTpauil MA B amnynax i
gDJ'IClKOHGX (nigokaiH 6ysae 2% i 107, 65n|3ar<a’|'|-|
yeae 0,25% i 0,5%, ponisakaiH 6yeae O,2%,
0,75% i 1%), a TaKOX 3aCTOCYBAHHA MiHIMANbHUX
epeKTUBHUX Ao3 (piseHb Aoka3oBocTi D).

2. TToasiMHa acnipauiviHa npoba nepepd yseaeHHIM
KOXHOT HOBOT nopuii po3umHy MA (piseHb
nokasosocTi D).

3. TToBinbHe BBeAeHHS po3unHy MA | Npu LbOMY -
NIATPUMAHHA MOBHOIO KOHTAKTY 3 MALIEHTOM
(piseHb aokasosocTi D).



3anobiraHHs

4. YBaxHe CTaBNeHHS 40 MOBU U NoBeAiHKU
nauieHTa nicng seedeHHsa po3umHy MA nossonse
BUSBUTU NepeaBiCHUKU CUCTEMHOI peakuit Ha MA
(piseHb gokasosocTi C).

5. BpaxyBaHHs TOro, Wwo «apabuHa npossie»
(nopyLweHHs cnyxy, MeTanesu NpPUCMak, .
36y AXeHHS, KOHBYJIbCIT, KOMa, anHoe, nule NoTiM
cepLieBO-CYAUHHUM KONAMC), epeKTHO 306paxeHa
y CTapux 3apybixHUX NiApYYHUKAX, Y NOMOBUHI
BUNAAKIB He 3yCTpivaeTbCs: Npossu 3 60Ky
HepBOBOI CUCTEMU MOXYTb 3'9BUTUCSA Mi3Hille
konancy 4m 6yTu 30BCIM BIACYTHIMU (piBeHb
nokasosocrTi C).



3anobiraHHs

6. NoaasaHHa cniais aapeHaniHy (He 6inblwe
1:200.000 - okpim ctomaTonorii), aKWwo Hema
NpOTUNOKA3aHb (Nanbui, CToNa, Hic, ByXa, O4Ha
AMKQ, CTATEBUU UneH):

a) BNoBiNbHrOE abcopbuiro MA ao kpoeoobiry;

b) npoTuaie kapaioaenpecUBHUM eeKTam
NIAOKAIHY;

C) AO3BOSISE BUSBUTU BHYTpilUHbOBEHHE
NOTPANNaHHS po3umHy (3poctaHHa HCC Bxe 3a
30-45 cekyHA) Npyu NOCTIUHO NiAKNFOYEHOMY
MOHITOPpI: NYNbCOKCUMETPI YU
enekTpokapaiockoni (piseHb gokasoBocTi C).



3anobiraHHs

/. Tlepen yseneHHam senukux no3s MA
(eniaypanbHa abo «Benuki» 610Kkaau Hepeis)
nonepedHbO cnif 3a6e3neunTu:

a) HaAiIMHUU BeHO3HUW AO0CTYN;

b) MOHITOPUHT - 9K Nepel HApKO3OM.

8. OCKIiSIbKM IHTOKCUKALIS MOXe NPOSBUTUCA He
OApasy, NAUieEHTU, WO OTpUManu Benuki Aom MA
(eniaypanbHa 6nokaaa abo «senuki» 6nokaam
HepBiB) NOTPebyroTb MOHITOPUHIY BNPOAOBX
woHammeHwe 30 xBunuH (piseHb gokasoeocTi C).



TpusanicTo NiKyBaHHA y BiaAiNeHHI IHTEHCUBHOI
Tepanii:

3anexuTb Bif YCKNaAHeHb.

KpuTtepii akocTi nikysaHHs

OnyxaHHa 6e3 HeBpONOriYHUX YCKIAAHEHD.
Moxnusi NobivHi Aii Ta ycknaaHeHHaM

YcKknagHeHHaM HecBoeYacHOT abo 6e3ycnilHoi
CIP € eHuempanonaTtisa abo cmepTb XBOPOroO.

YcKnagHeHHIM macaxy cepus niTHLOro nauieHTa
MOXYTb 6YTU Neperiomu pebep i FpyaHUHW.

YcknagHeHHam rocTpoi rinepninigemii nicns
IHEPY3iT XUPOBOT eMyNbCil MOXe ByTU roCcTpuUi
NaHKpeaTuT.



PexomMmeHAAITT IIIOAO ITOAAABIIIOTO
HAAAHHA MEAUYHOL AOITOMOTI'A

TTicns siaHOBNEHHA cTabiNbHOrO aAeKBATHOrO
KpoBOObIry Ta NnepesefeHHs A0 BiAAiNeHHS
IHTEHCUBHOI Tepanil - KOHCYNbTAUIT KapAaionora,
Hesponarosora, npy NoTpebi - TAKOX IHWUX
cneuianicTis. SKWO 3aCTOCOBYBANUCH BESTUKI A03U
NINIAHOT eMybCIT - Yepes TeopeTUYHY
MOXINUBICTb NAHKPEATUTY BHACSIAOK FOCTPOI
rinepninigemin y neplwi Asa AHi NICNa peaHimauli
peKOMeHAOBAHI BU3HAYeHHa aminasu abo ninaswm
Ta YBAXHeE KMiHIYHE CnocTepexeHHs.



[ lrrapud




I lnraguasa

Kornn noynHaTtu, paHiwie abo yekaTtu
acucrtonii / ®L?
HepocTtaTHICTb IHdbopMaLil MO IHLWI XUPOBI
eMynbClil

3BaaTn Ha o3Hakn LIHC abo yekaTtn o3Hak
CCC?

IHTpaninig cam no cobi —

2 AneprivHi peakuil, naHkpeaTtuT, niasuweHHs BYT,
EKMO, BapdapnHOpPE3NUCTEHTHICTD,
MPOKOHBYbCaHT, clabkicTs .7

o MakcumanbHO pekomMeHaoBaHa gosa ?




