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i NELER BILIYORUZ?

= Intraoperatif sivi ydnetimi postoperatif
donemin onemli belirleyicilerindendir.

s Yuksek volumlerde kristaloidler
= Postoperatif kilo artis

= Artmis morbidite



i NELERE CEVAP ARIYORUZ?

= En uygun sivi ?
= En uygun miktar ?

= En uygun uygulama zamani ?



i NELERI BILMEMIZ GEREKLI?

= Vaskiler bariyerde sivinin hareketi?

= Cerrahi ve anestezik girisimler sivi
hareketlerini nasil etkiliyor?



i SUNUM PLANI

Fizyolojiyi hatirlamak
II. Sivilarin ozelliklerini bilmek
[II. Hangi sivilar ve ne kadar guvenliler?

IV. Hedefe yonelik sivi yonetimi
V. Eve mesajlar
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Kapiller endotelyum
su,anyon,katyon ve suda
eriyen diger molekdllere

gecirgen

>35kDa molekdullere karsi
gecirgen degil

Mikrosirkulasyondaki sivi
kolloid osmotik basing (COP)
ile saglaniyor

Hidrostatik basing damar
disina hareket sagliyor
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i Endotelyal Glikokaliks

= Endotel icin makromolekul filtresi

= EGL glikoprotein ve proteoglikanlardan
olusur.

= ESL (0.4-1.2um) dolasimdaki plazma ile
dinamik denge halinde

= " Cift-bariyer Olgusu”
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proteins
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Glikokaliks Yikimi

Iskemi/Reperfiizyon
Hipoksi/Reoksijenasyon
Inflamatuar sitokinler
Proteazlar

Atrial Natritretik Peptid

Ven Den Berg 2003,Circ Res



Ignored fact:
Hypervolaemia Disturbes Vascular Barrier

| '_ ly\éj}calyi

.

Chappeldl D et al. Cardiovasc Res 2009; 83,388-396
Jacob M, et al. Anesthesiology. 2006; 104:1223-31
Rehm M ef al. Anesthesiology 2001; 95: 849856




i Glikokaliks koruma

s Sevofluran
= Hidrokortizon
= Antitrombin




i Kristalloidler

= Inorganik iyonlarin ve organik
mikromolekullerin suda ¢c6zinmus
solusyonlari

= Iyon icerikleri plazmaya benzer olan
kristaloidler “dengeli” sollsyonlardir.



i Kolloidler

= Bitkisel veya hayvansal kaynakl

= Polisakkarit veya polipeptid
icerikli(>40kDa) makromolekuller

= Plazma genisleticiler

= Semisentetikler;
Jéelatinler,dekstranliar, hidroksi eti/
nisastalar(HES)

= Dogal kolloidler; a/bumin, PPF, FFP



i Kolloidler

= Molekil Agirligt (MW)

= Molar Substitiisyon Derecesi (MS)

= Hammaddeleri



i Jelatinler (Gelofusin,Hemaccel)

= Hayvansal kaynakli kollajenlerden
hazirlanirlar

= Creutzfelt-Jakob hastaligi?
= Bulas yolu kanitlanmamis
= Klinik kullanimlar devam ediyor



i Dekstranlar (Dextran40, Dextran 70)

= Sukrozun enzimatik biyosentezlenmesi
ile elde edilirler.

= Klirensleri MW'larina baglidir

= >55 kDA metabolize olur ve klirensi GIS
ile saglanir.

= Max doz bilgisi cok dnemli



ﬁDROKSiETiL NISASTA (HES)

Hidroksietilasyon, Hidroliz

!

Hidroksietil Nisasta (HES)




HIDROKSIETiL NiSASTA (HES)

olekll agirhgi (kDa): 70-670

> Konsantrasyon (%): 6 ya da 10

Yuksek (450-670), orta (200-260), dusuk (70-130)

> Yer degistirme (Degree of substitution, DS)

DS: 0.7 (Hetastarch) A
DS: 0.6 (Hexastarch)
DS: 0.5 (Pentastarch)

DS: 0.4 (Tetrastarch)

Enzimatik
ytkim
azalir

> C€2/C6: C2 karbon atomuna baglanma enzimatik yikimi azaltir

C2/C6 (>8) ise yuksek, (<8) ise dusuk

Shock. 2014 Jan 14.



i HES

= En son gelistirilen semisentetik ,bitkisel
kaynakli kolloidlerdir.

= Hammaddeleri, MW ,MS ve
Substitusyon modeli farmakokinetik
Ozelliklerinin farkliliklarina neden olur.



i HES

= Molekul agirliklari farkh 3 ayri nesil HES
s 400kDa-70kDa
= Son nesil MW 130kDa olan HES

= Farmakokinetik Ozelliklerinde belirleyici
degildir



HES (Tetrastarchlar)

Corn-based HES 130/0.4 vs Potato-based HES 130/0.42
Structural Differences

130/0.4 130/0.42
SOUrce: waxy maize source: potato
alpha-1,4 and 1,6-linkages alpha-1,4-linkages
95-100% amylopectin structure 20-30% amylose structure
branched linear

/

E'"'-'



i Tetrastarchlar

= Plazma klirensleri diger HES cozeltilerine gore
daha yuksektir.

= Alfa-amilaz ile glikoza parcalanirlar.

= Parcalanmayi yavaslatmak icin ne kadar
hidroksietil ilave edildigi MS ile tanimlanir

s MS derecesi farmakokinetik ozelliklerinde
farklihklara neden olmaktadir.

= C2/C6 orani hacim etkilerini ve dokuda
birikme 0Ozelliklerini belirler



HIDROKSIETIL NISASTA (HES)

450/0.7 250/0.5 250/0.62 130/0.4
Hespan HAES-steril Elo HAES Voluven
Molekdl agirhg

(kDa) 200 130
(%) 6 ya da 10
9:1 9:1

C2/C6 471 9:1

Volum etkisi 5-6 3-4 3-4 3-4
(saat)

Volim gticu 100 100 100 100
(%) 145

Maksimum doz 20 20 20 50
(mL/kg/giin)

J Anesth 2010, 24:913-25.



HES SOLUSYONLARI

HES 130/0.4 HES 130/0.42
Voluven Venofundin

Kaynak

Sentez yili 1957 1994
Konsantrasyon %6 %6
Mol agirhg (kDa) 130 130
Molar substitution 0.41 0.45-0.46
C2:C6 €D
Amilopektin igerigi
Maks. Doz (mL/kg) 50 50

Ishihara H. J Anesth. 2013 Oct 9



HIPERTONIK HES

HyperHaes™ -
(Fresenius,Germany) &

Mol agirhigi (kDa) /DS 200 /0.5
Osmolarite (mosmol/-L) 2464
Onkotik etkisi (mmHg) 70
Konsantrasyon % 6

Coziicl %7.2 NaCl (mEq/L)
Maksimum (doz mL/kg) 4

Can J Anesth 2004 , 51: 500-513



HIPERTONIK KOLLOID AVANTAJLI MI?

IvI yliklemeden hipovolemiyi 6nler ve yeterli doku oksijenlenmesi saglar

A\

~ Travmall hastada hastane oncesi hizl hemodinamik duzelme olusturur

~ Koroner cerrahide; (hipertonik dekstran/ hipertonik HES)

CI de artis, SVR ve pulm vas direncte azalma saglar
Pa02/FiO2 orani T, erken ekstubasyon saglanabilir
> Serum Na kons 160 mmol/L gegmedikce ndrolojik bulgu olusmamaktadir.

CLINICS 2008;63(6):833-40



i Tetrastarchlarin giivenligi

= Birikici Etkileri

= Koagllasyon Uzerine etkiler
= Anafilaktik reaksiyonlar

= Renal etkiler



HES - BIRIKICI ETKISI

> HES retiklloendotelyal sistemde depolanir, CO2 ve suya donusur.
~ DS orani (0.7) yuksek olanlar parcalanmaz ve depolanir.
> 24 saat sonra dokularda birikir (% 26- 42)
> Widerman ; 37 calisma (635 hasta), 282 cerrahi hasta (%45.9):
En fazla cilt, bobrek, kemik iligi, karacigerde
Lenf nodu, dalak, akciger, barsak, plesantada birikir
Doza bagli birikim artar. En disiik doz 0.4 g/kg
Bazi olgularda ciltte 8 yil, bobrekte 10 yil kalir

Intensive Care Med 2014; 40:160-170



HES - BIRIKICI ETKISI

ES; yabanci cisim olarak algilanir ve fagositlerce alinir.

Kasinti, kiicuk periferik sinir hiicrelerinde birikim ile olabilir.

Y

~ Ozmotik nefrozis benzeri tablo ile renal replasman tedavisi (RRT) T
(sepsiste, KC transplantasyonu)

Disiik mol agirliklhh HES proksimal tiibdllerde birikebilir

Y

> Endotelyal hiicrede birikimi koagulasyon ve immun sistemi etkiler

~ Elektron mikroskobu, ya da immunohistokimyasal yontemle gorilebilir.

Intensive Care Med 2014; 40:160-170



KOAGULASYON UZERINE ETKISI

RollodIer hiemodilusyon olusturur ve AT III (antikoagiilan) 4 .

FVIII/VWF kompleksi de dilusyona bagl 4 .

Albumin; diger kolloidlere gore en az zararli

Yavas yikilan HES ve dekstranlar; FVIII/VWEF aktivitesinde, pihti gliclinde
ve trombosit fonksiyonlarinda azalma yaparlar.

Jelatinler de pihti giiciinii ve trombosit agregasyonunu <.

(Yavas yikilan HES molekdilleri kadar degil.)
J Anesth 2010; 24:913-25.

J Clin Pharm 2011; 51: 292-300



HES: KOAGULASYON ETKISI

subendothekial matrix
endothelial cells
2 \

P =

xi

<«— Xlla

Procoagulant Secretion

Polymerisation

)

fibrin net «——fibrin «—

negatively charged
phospholipids

Rolling

lﬁ & [

co GAC co - B
Adhesion

Sybille A. Anesthesiology,2005; 103:654-60



RENAL ETKILERI ‘_e.m_
, iz olgularinda HES kullanimi AKT T anali

(%10 HES 200/0.5)/Ringer Laktat, 537 hasta, RRT ve AKT artar).
NEJM 2008;358:125-29.

» HES:; sepsisde AKI T (cerrahi ve travma hastalarinda daha az )
Cochrane Database Syst Rev. 2010,20;(1):CD007594

- Perner, HES 130 / Ringer Laktat sepsisde mortalite ve AKI T
N Engl J Med. 2012 ;367(2):124-34.

» Myburgh , 6% HES (130/0.4)/saline (ICU da) AKI ve RRT T
N Engl J Med. 2012 Nov 15;367(20):1901-11. (CHEST)




META-ANALIZLER (HES)

Kolloid sollisyonlari sivi restisitasyonu icin kullanildiginda birinin digerine
gore glvenlik ya da etkinlik yoniinden Gstinliga yok.
Cochrane Data Base Syst Rev 2012; 7:CD001319

~ Kolloidlerin kristaloid sivilara gore yanik, travma veya cerrahi hastalarda
mortaliteyi azaltmada Gstiinligu yok. HES solusyonlari mortaliteyi T.
Cochrane Data Base Syst Rev 2013:CD000567

~  HES ve diger sivilara gore AKI ve RRT 1. Mol agirligi, DS, volum {71, sepsis
ya da sepsis disi olmasi AKI ve RRT gelismesini etkilemez.
Cochrane Data Base Syst Rev 2013; 7:CD007594



Avrupa ilac¢ ajansi (EMA) ve Farmakovijilans Risk

Degerlendirme Komitesi (PRAC) dnerileri

Q

Sepsis, septik sok ve agir sepsis hastalarinda HES kullanilmamali
Akut agir KC yetmezligi gelisen hastada kullaniimamali

Bdbrek bozuklugu hikayesi olanda kaginilmali

Bbbrek hasari gelistiginde kesilmeli

90 gun boyunca renal fonksiyonlar takip edilmeli

Prime soliisyonu olarak HES kullaniimamali (Kanama riskini T)

Koagulopati bulgulari varliginda HES kesilmeli
Nisan 2013 (http//www.ema.europa.eu/ema/)



Yeni Jenerasyon HES solusyonlari
zararh degil

~ James; FIRST trial (Fluids in Resuscitation of Severe Trauma)

HES 130/0.4, penetran travmada, bobrek fonk. iyilesme yapar.
(BJA 2011, 107:693-702)
> Van Der Linden; cerrahi ya da travma hasta (n=4529) ,
HES 130 0.4 (n=2139) ile AKI, RRT, kan kaybi artisi saptanmamis
(Anesth Analg 2013;116:35-48)
> Martin; HES 130/0.4, cerrahi hasta (n=1230), renal hasar farkh degil

(Anestesiolgy 2013; 118; 387-394)

» Gillies; cerrahi hastada (n=1567) HES ile 6lim/ renal hasarda artis yok
(BJA 2014; 112:25-34.)



ensive Care Med (2014) 40:256-256
T AT YRS T or A WHAT’S NEW IN INTENSIVE CARE

>

Julian Bion Hydroxyethyl starch: putting patient safety first

Rinaldo Bellomo
John Myburgh
Anders Perner
Konrad Reinhart
Simon Finfer

EMA ve PRAC, 2. toplantisinda HES, sepsis, klint travma ve major cerrahide

kanamayi T ve renal hasar yapar, kullaniimamali.

Hipovolemik hastalarda kristaloidler yetersiz ise HES kullanilabilir. Renal
fonksiyonlarin 90 giin izlenmesine ihtiyac var.

12 kasim 2013 (http//www.ema.europa.eu/ema/)



i Perioperatif Sivi Yonetimi

=« Intraoperatif sivi tedavisinin amaci;

dokulara yeterli oksijeni saglayacak organ
perftzyonunu devam ettirmektir.



+

= Uzun preoperatif aclik donemleri
= Agresif kolon hazirliklari
= 3. bosluk (?) kayiplari

YUksek voltimlerde kristalloid infdzyonlar



‘Liberal” vs. ‘restrictive” perioperative fluid therapy - a
critical assessment of the evidence

M. Bunpcaarp-NigLsen', N. H. Secuer” and H. Kenuer! Acta Anaesthesiol Scand 2009; 53: 843-851.

'Section of Surgical Pathophysiology, and *Department of Anaesthesia, Rigshospitalet, University of Copenhagen, Copenhagen, Dermark

procedure
comorbidities
preop hydration
bowel preparation
. anaesthesia / neurcaxial blockade

| risk of:
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llous
PONV
pulm complications
| 1 cardiac demands

| 1 risk of:

organ hypoperfusion
SIRS

sepsis

multi organ fallure




Hedefe YOnelik Bireysel Sivi

ﬂedavisi

= Hastanin siviya olan cevabina gore
bireysellestirilmis sivi tedavileri, sonucu
olumlu etkiliyor.

= Geleneksel takip parametreleri sorunu ve
sivl tedavisini belirlemekte yetersiz

= Akim-bazli hemodinamik olctimler, non-
invaziv teknikler




Hedefe Yonelik Bireysel Sivi
* Tedavisi (ODM) (poherty M.;B1A, 2012)

| worsorsw=o |
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Balanced crystalloid compared with balanced colloid solution
using a goal-directed haemodynamic algorithm

A. Feldheiserl, V. Pavloval, T. Bonomo?, A. Jonesl, C. Fotopoulou?, J. Sehouli?, K.-D. Wernecke*
and C. Spies?”



Balanced crystalloid compared with balanced colloid solution
using a goal-directed haemodynamic algorithm

Intravenous volume (ml)
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Non-parametric analysis
for longitudinal data:

Group: P= 0.0164
Time overall: P < 0.0001
Group x Time: P =0.0033

Time course:
Balanced crystalloid: P < 0.0001
Balanced starch: P < 0.0001

—e— Balanced crystalloid
—%— Balanced starch




Balanced crystalloid compared with balanced colloid solution
using a goal-directed haemodynamic algorithm

1.0 Creatinine (plasma)
Non-parametric analysis
for longlitudinal data:

= Group: P=0.4289
® 0.8 ) — Time overall: P < 0.0001
& g Rl Group x Time: P = 0.5404
— = b NN Time course:
g S Balanced crystalloid: P < 0.0001
& 0.6 Balanced starch: P < 0.0001
«Q
: fs
£ :
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© < Balanced starch
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300 - Neutrophil gelatinase-associated Non-parametric analysis
lipocalin (NGAL) (plasma) for longitudinal data:

— 250 - Giroup: P =0.7629
JE Time overall: P < 0.0001
o 200 - = Group x Time: P =0.0469
= A — Rt Time course:
o 7A o Balanced crystalloid: £ < 0.0001
S 1804 / o S Balanced starch: P < 0.0001
=3 ; kTS
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Safety of Modem Starches Used During Surgery
Philippe Van Der Linden, MD, PhD.* Michael James, MB ChB, PhD, FRCA, FCA(SA).%
o B Rt e 1 | = 59 makale

Various hydroxyethyf starch (HES) preparations have been used for decades to augment blood n 4529 Cerrahi haSta

yolume. There has been concem recently regarding possibie adverse outcomes when using
HES in the intensive care setting, especially in patients with septic shock. However, the phar-
macokinefic and pharmacodynamic properties of HES preparations depend on their chamical
compasition and scurce material. Thus. different clinical conditions could result in differing
effectiveness and safely for these preparations. Consequently, we assessed the safely of tefra-
starches when used during surgery, using a formal seerch, that yielded 59 prmary full publica
fions of studies that met a priori inclusion criteria and randomly allocated 4529 patients with
2139 patients treated with tetrastarch compared with 2390 patients treated with a comparator
Tnere were no indications that the use of tetrastarches during surgery induces adverse renal
effects as assessed by charge or 20solute concentrations of serum creatining or need for renal
replacement therapy {39 trials, 3389 patients), increased biood inss (38 triaks, 3280 patients),
allogeneic erythrocyte transfusion (20 trials, 2151 patients; 0ods ratio for HES transfusion 0.73
[95% confidence interval = 0.61-0.87], P = 0.0005). or incraased mortality odds ratio for HES
moriaity = 0,51 [0.24-1.05], = 0.079). (Anesth Analg 2012:XCXK-XX)




Safety of Modern Starches Used During Surgery

Tetrastarches Used in Surgery: Mortality

OR: 0.51 21 Trials, 1918 Patients
[0.25-1.05] —
55 P=0.079
j 11/956
20}
Mortality
(%) 1
[95% ClI] 1‘5‘§
10}
05}
o

Tetrastarch Comparator



Safety of Modern Starches Used During Surgery

Coagulation Reviewed articles

N=66 "Coagulation" Studies

In vitro & in vivo coagulation studies in volunteers
N=7

Nonsurgical or nontrauma context

N=6
Duplicate
N=3
Analyzed articles
N=50
Surgical context Trauma context
N=48 N=2
1 objective: 1" objective: 1" objective: 1 objective: 1" objective:
blood loss ex vivo coag hemodynamic renal function miscellaneous
N=9 N=20 N=15 N=2 N=2




Safety of Modern Starches Used During Surgery

Surgical Blood Loss with Tetrastarches

Compared to Other Fluids
125 1 47 5 1" 7 frials
- 4T 175 410 228 pts
Blood I
loss 100 +——-""""""""~“ft———~ -I———
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| Safety of Modern Starches Used During Surgery

y
Tetrastarch in Surgery: Patients Transfused
20 trials; 2,151 patients

OR:0.73 18 trials with data
[0.61-0.87]
50_ P=0.0004 479/1,027
- 386/995
40
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Transfused I
301
(%)
[95% CI] [
201
101
ol

Tetrastarch Comparator



Safety of Modern Starches Used During Surgery

Tetrastarches Used in Surgery: RRT
7 Trials; 790 Patients

OR: 0.60
4 -+ [0.23-1.53]
P=0.35
7/388 12/402
Renal 3T
Replacement
Therapy
(%) 271
[95% CI]
1 -
0 -

Tetrastarch Comparator



Safety of Modern Starches Used During Surgery

Peak Serum Creatinine after Tetrastarches
Compared to Other Fluids

7 2 4 3 trials
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Anesthesiology
Effects of Third Generation Waxy Maize-derived H Starch on Renal
chﬁminSt?r;icargaﬁea:tiz ggstemaﬁc Regi‘;wmmetaar\al;snis . | 1 30 / O . 4 H ES

Manuscrpt Nember: ALNZ01203071R4
F Tite: £fiects of Third Genzraion Wy Naze-gthed Hydrooyetyt Siarch o0 Rendl

Fnckn in Surgica Paienss: Systematc Review and Mezandyss
= 1/ RCT
Clade Martin, M.
Matthizs Jacob, M. [ ] n : 1 2 3 O
£ Yicaut, MD.
Bertrand Gaidzt, MD,
Hugo Van Akzn, MD. PR,
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Effects of Third Generation Waxy Maize-derived Hydroxyethyl Starch on Renal
Function in Surgical Patients: Systematic Review and Meta-analysis

Risk difference meta-analysis plot [random effects])

Ool 2009 47 0.00 (-0.08. 0.08)
Tiryakioglu 2008 * 0.00 (-0.05. 0.05)
Godet 2008 2 0.04 (-0.17, 0.25)
Kasper 2003 ° -0.02(-0.11, 0.07)
Lee 201140 - 0.02 (-0.05, 0.10)
Mahmood 2007 35 -0.07 (-0.22, 0.12)
Yang 201133 - 0.00 (-0.07, 0.13)
Mukhtar 2009 %° 0.00 (-0.20. 0.20)
combined [random) <> 2 98E-04 (-0.02, 0.02)
02  -0105 0020 0145 0270

risk difference (95% confidence interval)



EDITORIAL | 1

Infusion therapy in Anaesthesiology and Intensive Care
Medicine: Yesterday, today and tomorrow

H. Van Aken'™ M. Jacob™ M. Westphal' und B, Zwillar

U Klinik una Palikiinik fOr Anasthesiologie und operative Intensivirssd zn. Dniversitats klinikom MOnstes
[Direktor: Prol. D D b, Ho Wan ki)

¢ Hlinik fur Aneesthesiclogis, Ludwig-Maximilians Universitat [Direktor: Prof. D B, Z2widler)

Demand-oriented infusion therapy

1. Balanced crystalloid to compensate for basal needs and fluid loss

6% HES 130/0.4 for substitution of intravascular volume loss

After having given the maximum dose = use of another isoconcotic,

isoosmotic colloid

Van Aken H, Jacob M, Westphal M, ZwiBler B. Andisth Intensivmed 2009; 50: 1-7.




All infusion solutions are drugs

Only the dose makes a thing not a poison

Pprnoevasule
_ Theophradlns

Paracelsus (1493-1541)




Choose the right fluid for the right occasion (indication)
in the rlqht amount'

"




British Consensus Guidelines on
Intravenous Fluid Therapy for Adult
Surgical Patients

GIFTASUP

Jeremy Powell-Tuck (chair)’, Peter Gosling”, Dileep N
Lobo'® Simon P Allison’, Gordon L Carlson®?, Marcus

Gore”, Andrew J Lewington®, Rupert M Pearse®, Monty G
Mythen®
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Kolloidler - Klinik Kullanimlar1 = Son jenerasyon HES soltsyonlari
cerrahi hastalarda ciddi kan kaybi
durumlarinda hemodinamiyi
saglamakta temel seceneklerdir.
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i EVE MESAJLAR

= Perioperatif sivi tedavisinde sivi secimi hasta
guvenligi nedeni ile cok 6nemlidir.

= Yeni nesil HES solltsyonlar (%6 130/0.4)
cerrahi hastalarda etkin ve guvenilir volim
genisleticilerdir.

= Perioperatif sivi tedavisinde hedefe yonelik

vireysel sivi tedavisi optimal doku ve organ

Korumasl saglamaktadir.




