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Kapguonnerus

Kpucramnonnnas BHyTpukieTouHbIe

(am3koe comepkanne Na/Ca)

KoMmoHeHTHI ]

Kpossnas Buekiietounsie

(Bricokas konuentpauus Na/Ca/Mg)

AHTE HO
Crioco0 e
JIOCTaBKH

Xonomonas (10-16C)

Perporpaano

Iepuonaeckn Tennas (37C)

Meton
AOCTABKH HenpepbiBHO
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* HageXxHas 3awwmnTa

e He TpebyeT 4yacToro NnOBTOPHOIO
BBEAEHUS

* [lpoCcTa B TEXHNYECKOM UCTMOJIHEHUYN
* H/3Kaa CTOMMOCTb
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Kapgnonnerus
Aenb Hnpo

KpoBsHHas
Ten/ioBas
Kapawnonaeruns

MuHunerms

KycTagnon

Bonee 600

Bonee 700

Hoabpb
2012

C mapTa OkT6pb
2012 2015
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KycTtaguon

[MpnHuMn gencreuns
* BHYTpPMKAETOUHbIV Kapamonaernyeckmm
pacTBop

* HMU3KMe KOHLeHTpauuu HaTpuma 1
Kanbuna. Hatpnesoe nctoweHme
BHEK/IETOYHOI0 NMPOCTPAHCTBA BbI3blBaeT
noTepto NOASPU3aLUN MUOLUTAPHON
naasmaTm4eckom membpaHbl, Bbi3biBas
OCTAHOBKY cepALla B A4MacToNy



KycTtaguon

+ OrpOMHbIN OMbIT KAMHUK NO BCEMY MUPY

+ Bo3mMOXHOCTb paboTbl Ha 0g4HOM f03e 40
2 YacoB

+ [0TOBbIM OPULLMHANBHBIN PACTBOP

- femoaunntoumns
- LleHa
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[MpnHuMn gencreuns
e [MNnepkanmemms: MHAYKLUSA U

NoAJAep>XXaHMe OCTAHOBKM CepAL,a B
anacrtone

* [MNepoCMONAPHOCTb N FTMNEPrANKeMUA:
npeaoTBpalleHne oTeka MMoKapaa
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KpoBfiHaa kapauonaerus

dusmonornyHas

+BbICOKAS KNC/IOPOAHASA EMKOCTb
3pUTpOLUNTOB, obecneumBatow,as aspobHbIN
MeTabonnsm mmokapaa

+ BblcOKas bydpepHas eMKOCTb SpUTPOLUTOB

+ aZA€KBATHOE KONJIONAHO-OCMOTMYECKOE
AaB/eHMe, Mpeaynpexaatoliee pa3Butmne
KNE€TOYHOIrO OTEKA

+ CHUXEeHMe obLen remogmatoLnm 3a Bpems
onepawunm, 4To 0COHBEHHO akTyanbHO Npwu
ANVNTENbHOM NEepUoe UweMnm
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- BepoAATHOCTb CMCTEMHOM FrMnepKaanemMmm

- HeobxoanmMoCTb NOBTOPHOIO BBEAEHUS
KaXXAble 15-20 MUH

- PacTtBOp kanna xnopuaa 10% v Bbiwle...
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=== Kapauonnaerua no Aenb Hnao

ouBwT

[puHLKMN gencTeus

 Mg2+ ecTtecTBeHHbIN 610KaTOP Ka/ibLMeBbIX
KaHanoB CHMXaeT BHYTPUK/IETOYHOE
HakonneHne Ca2+

e [Mnepkannemmsa aenonspmusyeT KAeTOYHble
MeMbpaHbl Bbi3biBasg OCTAHOBKY B AMACTOY

e NaHCO3 bydepHbiv areHT

* JlngokaunH- 6aokatop Na+ KaHanos,
yBenmumBaeT pedppakTepHbIN Nepuos
KapAMOMMOLNTOB

e MaHHUTOAN 20% - [MNEPOCMOISIPHBIN areHT,
CHUKaeT OTeK KapAMOMUOLUTOB
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e PaccyeT 20 MA/Kr

» bonee 5o Kr1 AnTp

e COOTHOLLEeHMe PacTBOP/KPOBb  4:1

* icnonb3oBaHue Tens1oobmeHmka, temp
8-12 CO

* 800 Mn p-pa+200 MJ1 KPOBMU

° 4 MWUH

e PacyeTHOe BpemMA 180 MUH

e [1py NOBTOPHOM BBeAEHUN 120 MUH



History and Use of del Nido Cardioplegia Solution at Boston

Children’s Hospital

Gregory 5. Matte, BS, CCP, LP. FPP: Pedro I. del Nido, MD

Department of Cardiac Surgery, Boston Children’s Hospital, Boston, Massachusers

Abstraci: Cardioplegia is an integral and essential method of myo-
cardial protection for patients of all ages requiring cardiac sur-
gery in which the heart must be stopped. Numerous cardioplegia
solutions and delivery methods have been developed. The del Nido
cardioplegia solution has been in vse for 18 vears at Boston
Children’s Hospital. This is a unigue four parts crysalloid to one
part whole blood formulation that is generally used in a single-
dose fashion. Although the formulation was originally developed

for use in pediatric and infant patients, its use for adult cardiac
surgery has been expanding. National and international inquiries
to our institution regarding this cardioplegia have been increas-
ing over the last 2 years. We present the developmental history,
supporting theory, and current protocol for use of what is now
referred to as del Nido cardioplegia. Keywords: del Nido solution,
cardioplegia. myocardial protection. Boston Children’s Hospital,
pediatrics, infants. JECT. 201 2;44:98-103

Cardioplegia 1s an integral and essential method of
myocardial protection for patients of all ages requiring
cardiac surgery in which the heart must be stopped.
Researchers at the University of Pittsburgh (Pittsburgh,
PA) developed a novel formulation for myocardial pro-
tection in the early 1990s. This team. led by Pedro del
Nido, Hung Cao-Danh. K. Eric Sommers, and Akihiko
Ohkado. eventually patented this solution (1). Modifica-

] 1

and current protocol for use of del Nido cardioplegia at
Boston Children’s Hospital.

HISTORY

Cardioplegia for infant and pediatric patients was origi-
nally the same as that used for adults and was simply

L P L 1 " 1 imv e



Propensity Matched Analysis of del Nido
Cardioplegia in Adult Coronary Artery
Bypass Grafting: Initial Experience With

100

Consecutive Patients

Tomasz Timek, MD, Charles Willekes, MD, Olivia Hulme, BS, Ben Himelhoch, BS,
Daniel Nadeau, MD, Andrew Borgman, MS, Jeff Clousing, CCP, Dick Kanten, CCP, and

Joe W

agner, CCP

Division of Cardiothoracic Surgery, Meijer Heart and Vascular Institute at Spectrum Health, Michigan State University College of
Human Medicine, Anesthesia Practice Consultants, DeVos Cardiovascular Research Program, and Van Andel Institute/Spectrum
Health, Grand Rapids, Michigan

Background. Del Nido cardioplegia (DC) offers pro-
longed cardiac protection with single-dose administration
and has had a long safety record in pediatric cardiac
surgery. However, its application in the adult population

has thu:
cardiac |
cardiop])
(CABG)|
Methd
CABG

B Hawem nepBoHavasbHOM onbiTe , KIMT denb
Huao npesocTaBmaa 3KkBUBANIEHTHYIO 3aLMTa
MWUOKapAa U KJIMHNUYECKME NCXOAbI 200 w
y B3pocsibix nauneHtTos c AKLL. KIT Aenb HnpoAe A
6bia cBsi3aHa Society
c 6onee HU3KMM YPOBHEM I/IHOKO3bI B s
KpoBOObpaLLeHnK, 1 U NPOAEMOHCTPUPOBA
OCYLLLECTBMMOCTb O HOKPATHOW A03bl

A5 PYTUHHOW KOPOHAPHOW onepauumu.

tween H
matchin|
grade ¢
grade,
only. Inj

far been limited. We evaluated the efficacy of
protection and clinical outcomes of DC vs blood
egia (BC) in adult coronary artery bypass graft
patients.

lds. Clinical outcomes of 100 consecutive isolated
patients who received DC (May to September
pre compared with the previous 100 consecutive
CABG patients receiving BC (December 2013 to

2(14). Propensity matching yielded 82 pairs. The

rgeons operated on all patients. Clinical patient
ristics and data were extracted from our local The
bf Thoracic Surgeons database and the electronic
record.

5. Preoperative characteristics were similar be-
C and DC patients before and after propensity
. BC patients received anterograde and retro-
rdioplegia, whereas DC was delivered antero-
bith 92 of 100 patients receiving a single dose
ptropic support upon arrival to the recovery unit

elia

ble myocardial protection is central to safe per-

formance of any cardiac operation requiring cardiac

standstill, yet there is no agreement in the published
literature or clinical practice about the superiority of
one cardioplegic solution over another [1]. Buckberg
cardioplegic solution [2] in a 1:4 dilution with whole
blood has formed the basis for myocardial protection as
blood cardioplegia (BC) at our institution for several
years; however, it requires a high volume of solution,

did not differ between BC and DC (0.28 = 0.11 vs
0.27 + 0.11 pg/kg/min milrinone [p = 0.8] and 0.05 + 0.03
vs 0.05 + 0.03 pg/kg/min norepinephrine [p = 0.7,
nor did postoperative troponin T levels (0.56 + 0.48 vs
0.70 + 1.27 ng/mL; p = 0.3). The peak intraoperative
glucose level was higher in BC (209.8 = 40.4 mg/dL) than
in DC (1614 + 423 mg/dL) patients (p < 0.001). No
patients died in either group, and the postoperative
incidence of atrial fibrillation, stroke, reoperation for
bleeding, and prolonged intubation did not differ be-
tween the groups before and after matching, There was
also no difference in the postoperative ejection fraction
between the groups (0.51 + 0.13 vs 0.47 = 0.13 for BC and
DC, respectively; p = 0.17).

Conclusions. In our initial experience, DC provided
equivalent myocardial protection and clinical outcomes
to BC in adult isolated CABG patients. DC was associated
with lower cardiopulmonary glucose levels than
BC and demonstrated the feasibility of single-dose
administration for routine coronary operations.

{Ann Thorac Surg 2016;101:2237-42)
© 2016 by The Society of Thoracic Surgeons

cumbersome delivery modes, and significantly perturbs
intraoperative glucose management.

Del Nido cardioplegia (DC) [3] has demonstrated a
long safety record in pediatric cardiac operations, with
single-dose administration for more than 90 minutes of
cardioplegic arrest [4]. The solution is based on Plasma-
Lyte A (Baxter Healthcare, Deerfield, IL), which has an
electrolvte milieu similar to extracellular fluid, with
the addition of mannitol, magnesium sulfate, sodium

bicarbonate, potassium chloride (26 mEq), and lido-
2 L & [ S .
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[pnHUMN AencTeus
e Mg2+ ecTecTBeHHbIV BaoKaTOP

KanbUMeBblX KaHaN0B CHMXKaeT
BHYTPUK/IETOYHOE HakonieHne Ca2+

e [Mnepkasnmemma AenonapuyeTt KJeTOYHbIe
MeMOpaHbl BbI3biBas OCTAHOBKY B A4MACTOy

e HoBOKaWH, B3aMMOAENCTBYET C
peLenTopamMm, PacnosIOXKEHHbIMU B
NOTEHLMAN3aBUCUMbIX HATPMEBBIX KaHANaX,
CHMXAET NPOHULLAEMOCTb MeMbpaH AN
MOHOB HATPUS, NPENATCTBYSA
BO3HWUKHOBEHMUIO MOTEHLIMANA AEeNCTBUS
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o Kanuna xnopuga 10%- 30 M

e MarHua cynbdata 25%-64 M
e HoBokauH 5%- 24 Mn

» Boaa Ana nHbekumnm 82 mn
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“=== MuHunneruns

[lpenmyLLecTBa
e Hn3kmnum ob6bem naermm 100 Mn
» OgHOKpaTHas Ao3a- 60 MUH
* bbICTpOEe BO3HVUKHOBEHME aCCUCTO/IUN

* bbICTpoe BocCcTaHOB/IEHUE
KOHTPaKTU/IbHOCTU U PUTMA

e TexHn4eckn NpocTa B UCMOJHEHUN



MuHunnerms

HepaocTaTku
e AopTa/sibHaa HeAOCTAaTOYHOCTb

e OTcyTCcTBME HONBLLIOIO OMNbITA U KPYMHbIX
nccaea0BaHUM

e lleHa



Buaeo



Short Communication

Low-Volume Cardioplegia and Myocardial Protection
in Coronary Artery Bypass Graft Surgery

Samuel Tschopp' Friedrich Eckstein' Peter Matt?

1 Department of Cardiac Surgery, University Hospital Basel, Basel,
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Abstract

Keywords

= coronary artery
bypass graft surgery

We studied myocardial protection during coronary artery bypass graft surgery using
low-volume cardioplegia (Cardioplexol) and minimal extracorporeal circulation (MECC)
for different types of coronary artery diseases. In total, 426 consecutive patients were
included and divided into four groups: those with left main stem stenosis (n = 45),

= CABG those with three-vessel disease (n = 200), those with both (n = 141), and those with
= myocardial neither (n = 40). The peak postoperative myocardial markers and 30-day mortality
protection

were analyzed. Both myocardial markers and 30-day mortality were significantly

= cardioplegia elevated in patients with isolated main stem stenosis. We conclude that the use of

[IpoaHann3npoBaHbl NocaeonepaLoHHble MapKepbl M1MoKapaa U 30-
AHEeBHasA cMepTHOCTb. Kak MrMokapavasibHble MapKepsbl, Tak 1 30-4HeBHas
CMepPTHOCTb OblM 3HAUNTEIbHO YBEeNMYEHbI Y NALLMEHTOB C U30/IMPOBAHHbLIM
CTEHO30M J1IeBOM KOPOHAPHOM apTepun. Mbl MPULLAY K BbIBOAY, YTO
MCNO/Ib30BaHWe Kapauonaermum ¢ Hu3kmm obbemom n MECC 6e3onacHo.

OAHaKo NauMeHTbl C U30/IMPOBAHHBIM CTEHO30M JIEBOM KOPOHAPHOM apTepun
MOryT 6bITb MeHee 3aLMLLeHbI.
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o' = Kputepuu agekBaTHOCTM 3aLLUTI
MUOKapAa

1. Qusuko-xummnyeckme: KLLC, PH

2. brnoxmmmnueckme: KOK-MB, TpONOHMH,
ACT...

3. Mopdonornueckme
(YNbTpacTPYyKTYpPHbIE)
4. KAMHUKO-PYHKLMOHANbHbIE:
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4. KAMHUKO-PYHKLMOHANbHbIE:

Bpema HacTynaeHne accucTonmm

BO3HMKHOBEHME CMOHTAHHOW 3N1EKTPUYECKON U
MeXaHN4YeCKON aKTUBHOCTM MMOKApPAA B NepepbiBaxX MeXAy
ceaHcamm KT

KOHTpO/b faBaeHUs Npyn NpoBeAeHUN KapAUONiermm

YacToTa CMOHTAHHbIX BOCCTAHOBJIEHUI PUTMa NoCjie CHATUA
3aXXNMMa C aOpPTbl

XapakTep 1 4NUTeNbHOCTb n3MeHeHnn Ha KT

AnntencHocTb npumeHeHms OKC B noctnepdy3snoHHOM
nepuoge

[MoTpebHOCTb B MOHOTPOMHOM NOAAEPXKKE
[pMeHeHWe KapamnoBepcum



KycTtagunon
n=64

MwuHunnaerns
n=78




n

Bospacr, et

OB, %
Bpewmsa UK, Mmun

Bpewms nmemun,
MWH

KycTtaguon

64
63+8

45-65%
89+11
72+14

Adenb Hugo

69
58+12

35-55%
77+14
68+12

MuHunaerunsa

78
56+14

42-58
61+6
5447



Wianpasa Poccun Ir Kanwmsrpan

| -
n 64 69 /8

BoccrasoBiieHue
puTMa

OKC

HNuoTpomnHas
MOAJAEPKKA

Max nakrar,
MMOJIb/JI

29 (45%)

7 (12%)
22 (35%)

2,0+0,9

58 (84%)

12 (18%)
12 (18%)

1,9+0,8

75 (96%)

19 (24%)
9 (12%)

1,6+0,5



- PapmMako3KOHOMMKA

-

1 maruent/py6. 22 600 (2 ) 515 + 7000
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3 EHTD BbICORKX MEJMLYCUNR TEXA0n0r
Winzapasa Poccun Ir. Kaniesrpaa/

~ ®apmako3KOHOMUKA

S
~

Kycraguoa |Jleas Hugo Mununiaerus

1 martueHT/pyo. 22 600 (2 m) 515 + 7000 431

100 2 226 000 51 500+ 700 000 43 100
HaIreHToB/pyo.
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o TeopeTnyecku, Teopua U NpakTmUKa
OAMHAKOBbI. HO Ha NpaKTMKe 3TO He Tak.

* «Jeopud - 3TO KOrja BCe 3HAlOT BCE, HO
Hu4ero He paboTtaer. lNMpakTunka - 370
Korga Bce paboTaeT, HO HUKTO He 3HaeT,
noyemy.»



