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WARNING: MORTALITY
RENAL REPLACEMENT THERAPY
* In critically ill adult patients, including patients with sepsis, use of
hydroxyethyl starch (HES) products, including Voluven®, increases
risk of
o Mortality
o Renal replacement therapy
« Do not use HES products, including Voluven®, in critically ill adult
patients, including patients with sepsis.

FDA, 2013




HIDROKSIETIL NISASTA (HES) ICEREN PARENTERAL SOLUSYONLAR
HAKKINDA ONEMLI GUVENLILIK BILGISI

Saym Doktor,

Bu mektubun amaci hidroksietil misasta (HES) igeren triinlerin sepsisli kntik hastalarda
kullanimina bagli olarak gelisen &liim ve bdbrek vetmezlidi nisklernin artmasi hakkinda
sizler1 bilglendinmektir.

Ozet

Son cahsmalarda sepsishi kritik hastalarda, HES ve diger kan hacim arancilar
karsilastilmmstir. Bu cabsmalar, HES ile tedavi edilen hastalarda oliim ve bobrek

vetmezligi risklerinin daha fazla oldugunu gostermistir. Sepsisli kritik hastah@ olan ve
vodun bakim tnitesine giris vapms kritik hastahén olan  vetiskinlerde HES
kullamlmamalidir.



Hekimlere vonelik tavsiveler

> Sepsis. agir sepsts ve septik ok tansst konulmug kntik hastaligs olan ve yogun bakim
Uinitesine  vatigt veya devri yapilan kntik hastalids olan vetiskinlerde HES
kullantsimamalidur.

» Akut agir karaciger vetersizligi olan kistlerde HES kullamimamalidir, Kronik
karacifer hastaigy olan hastalarda fayda-zarar degerlendinimest yapilarak
kullamimals. bu hastalar gézlem altinda tutulmahdurlar.

» Bobrek fonkstyon bozuklugu dvkiisii olan hastalarda kullanmundan kagimimalidir

» Bobrek hasarma isaret eden ik bulgu tespit edildiginde HES kullanmu
sonlandsrilmalidar.

» HES uygulamasmi takiben 90 giin icenisinde renal replasman tedavisi rapor edilmustir.
Bu nedenle tiim hastalanin. en az 90 gunlik stire¢ boyunca renal fonksiyonlarinin
takibine devam edilmelidir.

#| Actk kalp ameliyatt vapilan hastalarda. kardiyopulmoner bypass sirasmnda asin
kanama riskinden dolay: priming soliisvonunda HES kullanimindan kacimlmalidar.
| Koagiilopative 15aret eden ilk bulgu tespit edildiginde HES kullanimi kesilmelidir.
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Assessment of hemodynamic efficacy and safety
of 6% hydroxyethylstarch 130/0.4 vs. 0.9% NaCl
fluid replacement in patients with severe sepsis:
The CRYSTMAS study
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Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Effects of Fluid Resuscitation With Colloids vs Crystalloids
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Figure 2. Cumulative Incidence of Death Within First 28 Days After

Figure 3. Assessment of Treatment x Diagnosis Interaction and Death Within First 28 Days

Colloids Group Crystalloids Group
(n=1414) (n=1443)

Reason for iCU No.of  No.of No.of  No.of HR
Admission Patlents Deaths Patlents Deaths (95% C1)
Other causes of 555 131 572 152 0.87 (0.69-1.10)
hypovolemic shock
Sepsis 774 215 779 226 0.95(0.78-1.10)
Trauma ) 85 13 92 12 1.19(0.54-2.60)
All patients 1414 359 1443 390 0.93 (0.80-1.10)
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PRAC confirms that hydroxyethyl-starch solutions (HES)
should no longer be used in patients with sepsis or burn
injuries or in critically ill patients

HES will be available in restricted patient populations

A

Akut kan kaybina bagli
hipovolemide kullanilabilir
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HES, 24 saatten fazla
kullaniimamali
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Renal fonksiyonlar 90 gin
izlenmeli
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Regular Article

Impact of 6 % hydroxyethyl starch (HES) 130/0.4 on the correlation
between standard laboratory tests and thromboelastography (TEG®)
after cardiopulmonary bypass

Gregory A. Hans **, Gary Hartstein 2, Laurence Roediger ?, Bernard Hubert 2, Pierre Peters °, Marc Senard @

* Department of Anesthesia and Intensive Care Medicine, CHU of Liege, Domaine Universitaire du Sart Tilman, Averwe de 'hopital Bat, B35, 4000 Liege, Belgium
b Department of Thrombosis and Hemostasis, CHU of Liege, Domnaine Universitaire du Sart Tilman, Avenue de I'hopital Bat. B35, 4000 Liege, Belgium

Results: The type of fluid used significantly affected the MA (P<0,001), the K time (P <0.001) and the alpha angle
(P<0.001) regardless of the results of the standard clotting tests. According to standardized R regression coeffi-
cients the platelet count and the type of fluid used were stronger predictors of the MA, the alpha angle and the K
time than the fibrinogen level. MA better predicted platelets < 80.000 ul-' than K time and alpha angle (P =
0.023). The best cutoff value of MA identifying patients with platelets < 80,000 ul-* was 62 mm in the crystalloid
group and 53 mm in the HES group. MA, K time and alpha angle were poor predictors of the postoperative fibrin-
ogen level,

Conclusion: HES significantly changes the cutoff value of TEG® MA best identifying patients < 80,000 ul™' after on-
pump cardiac surgery.




Table 2

Laboratory Results and TEG Values after Protamine,

Crystalloid {n = 56) HES (n = 40)
Hemoglobin {gr/dL) 9.717.1-135| 8.25[6.9-11.7)
Platelet {x 10%/ul) 113 [38-245] 94 [49-260)
Fibrinogen (g/L) 1.5]0.74-5.72) 2.12 [1.09-4.78]
aPTT(s) 35([22.2-59.2) 40.9 |30-180]
INR TA[1.17-197] TA4[1.23-248]
R time {min) 5.8(1.8-19.4) 6.4[3.8-16)
K time {min) 1.6]1-34) 2.4[1.2-92]
MA (mm) 64 + 7 57 + 8

Data are mean 4+ sd or median |range). aPTT = activated partial thromboplastin time.

INR = International Normalized Ratio. MA = Maximal Amplitude,

Conclusion: HES significantly changes the cutoff value of TEG® MA best identifying patients < 80,000 " after on-

pump cardiac surgery.
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Comparison of three point-of-care testing devices
to detect hemostatic changes in adult elective
cardiac surgery: a prospective observational study

Aurora Espinosa, Roar Stenseth™, Vibeke Videm'“ and Hilde Pleym™

Abstract

Background: Bleeding complications in cardiac surgery may lead to increased merbidity and mortality. Traditional
blood coagulation tests are not always suitable to detect rapid changes in the patient’s coagulation status.
Point-of-care instruments such as the TEG (thromboelastograph) and RoTEM (thromboelastometer) have been
shown to be useful as a guide for the clinician in the choice of blood products and they may lead to a reduction
in the need for blood transfusion, contributing to better patient blood management.

Methods: The purpose of this study was to evaluate the ability of the TEG, RoTEM and Sonoclot instruments to
detect changes in hemostasis in elective cardiac surgery with cardiopulmonary bypass and to investigate possible
correlations between variables from these three instruments and routine hematological coagulation tests. Blood
samples from thirty-five adult patients were drawn before and after surgery and analyzed in TEG, RoTEM, Senoclot
and routine coagulation tests. Data were compared using repeated measures analysis of variance and Pearson's
test for linear correlation.

Results: We found significant changes for all TEG variables after surgery, for three of the RoTEM variables, and for
one variable from the Sonoclot. There were significant correlations postoperatively between plasma fibrinogen
levels and variables from the three instruments.

Conclusions: TEG and ReTEM may be used to detect changes in hemostasis following cardiac surgery with CPB.
Sonoclot seems to be less suitable to detect such changes. Variables from the three instruments correlated with
plasma fibrinogen and could be used to monitor treatment with fibrinogen concentrate.




Table 1 Nomenclature, variable definitions and reference ranges jof the TEG, RoTEM and Sonoclot instruments

TEG RoTEM Sonoclot
Clot time R (Reaction time} CT {Cotting time)
Time to 2 mm amplitude {(4-8 min,) EXTEM CT (42-74 sec)”
| INTEM CT (137-246 sec)
Clot kinetics K {kinetics) CFT (Clot formation time)
Time from 2 to 20 mm dot firmness (14 min) EXTEM CFT (46148 sec)
ANTEM CFT (40-100 sec)
Clot kinetics Alpha angle Alpha angle
Alpha angle (53-67 deg) -EXTEM angle (63-81 deg)
“INTEM angle (71-82 0eg)
Clot strength MA (Maximum amplitude) MCF (Maximum (ot Firmness)
-EXTEM MCF ( 45-71 mm)
(55-73 mm) “INTEM MCF (52-72 mm)
FIBTEM MCF (3-25 mm).
Clot elasticity G (46-108 dynes/cm?)
Time until the beginning of fibrin formation - Son Act (85145 sec)
Rate of fibrin formation - . Clot Rate R1 (15-45 clot signal units/min)
Compietion of fibrin formation . - Peak (mm)
Index of fibrinogen conversion to fibrin « - Time to Peak (540-£00 sec)
Platelet-induced clot retraction . R3 (>2 mm/min)

*EXTEM reagent contains tissue factor, INTEM reagent contains ellagic acid, FIBTEM reagent contains platelet inhibitor.



Table 2
Laboratory Results and TEG Values after Protamine,

Crystalloid {n = 56) HES (n = 40)
Hemoglobin {gr/dL) 9717.1-135] 825(69-11.7)
Platelet (x 10%/uL) 113 |38-245] 94 [49-260|
Fibrinogen (g/L) 1.510.74-5.72) 2.12[1.09-4.78)
aPTT(s) 35(22.2-592) 40.9 [30-180)
INR 1.4[1.17-1.97] 1.4[1.23-2.48|
R time {min) 5.8(1.8-19.4) 6.4(3.8-16]
K time {min) 1.6[1-34] 2.4[1.2-9.2)
MA (mm) 64+ 7 5748

Data are mean + sd or median [range|. aPTT = activated partial thromboplastin time.
INR = International Normalized Ratio. MA = Maximal Amplitude,

R time(min) 4-8
K time(min) 1-4
MA (mm) 55-73

Conclusion: HES significantly changes the cutoff value of TEG® MA best identifying patients < 80.000 ™" after on-
pUMp cardiac Surgery.
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Mechanisms of hydroxyethyl starch-induced dilutional
coagulopathy

C. FENGER-ERIKSEN,*t E. T@ONNESEN,* J. INGERSLEV{ and B. S@RENSENT]
Departments of *Anaesthesiology and tClinical Biochemistry, Centre for Haemophilia and Thrombosis, Aarhus University Hospital, Aarhus,
Denmark; and }Centre for Haemostasis and Thrombosis, 5t Thomas® Hospital, London, UK

To cite this article: Fenger-Eriksen C, Tennesen E, Ingerslev J, Serensen B. Mechanisms of hydroxyethyl starch-induced dilutional coagulopathy. J
Thromb Haemost 2009, 7: 1099-105.



Amac

 HES ‘e bagli dilisyonel koagulopatinin
biokimyasal mekanizmasini 6grenmek

* Bu amacla %30 dilisyon olusturduklari
sistektomi hastalarini izliyorlar

e Kazanilmis fibrinojen eksikliginin etkilerini ve
tedaviye yanitini degerlendiriyorlar



Table 1 Laboratory characteristics before (baseline) and after 30% in vivo hemodilution with hydroxyethyl starch 130/0.4

Baseline 30% Hemodilution Absolute decrease Relative change (%)

Hematocrit (0.28-0.47) 0.43 = 0.03 0.29 + 0.02* 0.14 + 0.03 -324+5
Standard coagulation parameters

Platelet count, 10° L™ (150-450) 248 = 66 181 + 50* 61 + 25 -27+5'

APTT, s (25-38) 32 = 39 43 + 11* 92 £+ 5 + 28 + 13

Prothrombin time, relative (> 0.80) 0.93 = 0.08 0.69 + 0.08* 0.25 + 0.06 -27 + 6

Antithrombin, 10° TU L™ (0.88-1.24) 0.94 = 0.08 0.56 + 0.07* 0.40 + 0.06 -42 + St

D-dimer, mg L™ (< 0.50) 0.54 = 0.37 14 + 2.6 0.75 + 2.36 + 99 + 177"
Single coagulation factors

Fibrinogen (uwm)

Ad modum Clauss 9.5+ 19 5.1 + 0.8*% 4.04 + 090 — 44 + 447
Antigen level 102 = 1.9 59 + 1.5% 43 + 090 -43 + 6.1

FIL:C, U mL™" (0.80-1.32) 1.25 = 0.2 0.68 + 0.1* 0.56 + 0.16 -44 + ¢

FVIL:C, U mL™" (0.68-1.69) 1.07 = 0.2 0.73 + 0.2* 0.33 + 0.11 -31+7

FVIIL:C, U mL™" (0.66-1.55) 145 = 0.6 0.88 + 0.4* 0.61 + 0.48 -39 + 16

FX:C, U mL™' (0.74-1.52) 1.19 = 0.2 0.73 + 0.2% 0.46 + 0.11 -39 + &'

FIX:C, U mL™" (0.69-1.49) 1.22 = 0.26 0.89 + 0.16* 0.32 + 0.14 ~-28 + 6.6

FXIIL:C, U mL™" (0.61-1.77) 1.26 = 0.2 0.71 + 0.1* 0.54 + 0.12 ~-43 + 6
VWF ristocetin cofactor, U mL™' (0.47-1.59) 1.51 = 0.60 1.02 + 0.38% 0.49 + 0.38 -30 + 14
Endogenous thrombin potential (nm X min) 1471 = 309 1532 + 247 37 + 164 + 3.8 + 11

Data presented as mean =+ standard deviation. Values in parentheses indicate normal reference ranges. APTT, activated partial thromboplastin
time; VWF, von Willebrand factor. n = 20. *Significantly different from baseline value. "Relative decrease significantly different from expected
decrease (hemotocrit).
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Fig. 1. Parameters of thromboelastometric whole blood clot formation before (baseline) and after 30% in vivo hemodilution (squares) with hydroxyethyl
starch 130/0.4 and after ex vivo (open circles) addition of fibrinogen, prothrombin complex concentrate (PCC), factor VIII (FVIII), fresh frozen plasma
(FFP), activated recombinant FVII (rFVIIa), and platelets. n = 20. *Significantly different from baseline value. XSignificantly different from 30%

dilution. MaxVel, maximum velocity.
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e Kazanilmis fibrinojen eksikligi (dilisyonel)
koagUllopatinin nedeni ise

* Fibrinojen replasmani ile koaglulopati
tamamen dizelmektedir
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Comparison of the effects of albumin 5%, hydroxyethyl starch
130/0.4 6%, and Ringer’s lactate on blood loss and coaqulation
after cardiac surgery

K. Skhirtladzel, E. M. Base!*, A. Lassnigg?, A. Kaider?, S. Linkel, M. Dworschak! and M. J. Hiesmayr!

! Division of Cardiothoracic and Vascular Anaesthesiology and Intensive Care Medicine, Department of Anaesthesiology, General Intensive Care
and Pain Medicine, Medical University of Vienna, Vienna, Austria
2 Centre for Medical Statistics, Informatics and Intelligent Systems, Section for Clinical Biometrics, Medical University of Vienna, Vienna, Austria

* Corresponding author. E-mail: eva.base@meduniwien.ac.at

Background. Infusion of 5% human albumin (HA) and 6% hydroxyethyl starch 130/0.4 (HES)

Editor’s key po‘nts during cardiac surgery expand circulating volume to a greater extent than crystalloids and
« The perioperative use of would be suitable for a restrictive fluid therapy regimen. However, HA and HES may affect
colloid solutions has blood coagulation and could contribute to increased transfusion requirements.
potential benefits in cardiac Methods. We randomly assigned 240 patients undergoing elective cardiac surgery to
surgical patients, but may receive up to 50 ml kg~* day ! of either HA, HES, or Ringer’s lactate (RL) as the main
affect coagulation. infusion fluid perioperatively. Study solutions were supplied in identical bottles dressed in
e In this randomized study of opaque covers. The primary outcome was chest tube drainage over 24 h. Blood
240 patients, the use of transfusions, thromboelastometry variables, perioperative fluid balance, renal function,

high volumes of colloid mortality, intensive care unit, and hospital stay were also assessed.



Randomization, fluid regimen, and blinding

Eligible patients were randomized into three groups compris-
ing 80 patients each with the following fluid regimens:

HA group: 5% albumin up to 50 ml kg~ day ", additional RL
as required;

HES group: 6% HES 130/0.4 upto 50mlkg ™ *day ?, additional
RL as required;

RL group: RL up to 50 ml kg~ ! day?, additional RL as
required.




Table 2 Chesttube droin G

eand transfusions until the ﬁrst 24 hafter surgery. HA, 5% human serum albumin; HES, 6% hydroxyethyl starch 130/0.4;

RL, Ringer’s lactate;  frozen plc Chest tube drainage and PRBCs are expressed as median (25/75%
percentiles). All other variables are depicted as percentages. P-value as determined by univariate analysis
HA (n=76) HES (n=81) RL (n=79) P-value
Chest tube drainage (ml) 835 (545/1253) 700 (540/1080) 670 (455/1015) 0.0850
PRBCs (ml) 300 (0/600) 300 (0/600) 0 (0/300) 0.0004
PRBCs (units) 1(0/2) 1(0/2) 0 (0/1) 0.0004
PRBCs intraoperative (ml) 0 (0/600) 0 (0/600) 0 (0/300) 0.0119
PRBCs postoperative (ml) 0 (0/275) 0 (0/250) 0 (0/0) 0.0333
FFP (%) 8 10 5 0.5152
Platelets (%) 7 14 5 0.1186
Fibrinogen (%) 12 16 4 0.0383
Factor concentrate (%) 3 6 3 0.3921
Percentage of patients receiving
PRBCs (%) 58 61 34 0.0013
Any blood product (%) 62 64 35 0.0003

Blood transfusion was performed according to STS-SCA
transfusion guidelines.”~ “° Transfusion triggers for the transfu-
sion of PRBCs were: huemnglabin (Hb) concentrationsof =7.0g
di—* durlng nncl =8. l:ll 9. D g dl— ! after CPB.

-—— [} - - - - -



2.-6. gun arasl

Most units of PRBC were given perioperatively during
the first 24 h.

There were no significant group differences in the
number of PRBC units transfused within PODs 2 — 6
— HA :2.04; HES: 2.14; RL :2.15 P=0.544.

No significant intergroup differences were noted for
transfused FFP and platelets.

Regarding the amount of coagulation factor
concentrates, no significant differences were found
between the three groups.




& REVIEW ARTICLE

Safety of Modern Starches Used During Surgery

Philippe Van Der Linden, MD, PhD,* Michael James, MB ChB, PhD, FRCA, FCA(SA),
Michael Mythen, MD FRCA, 18l and Richard B. Weiskopf, MD{|

Various hydroxyethyl starch (HES) preparations have been used for decades to augment blood
volume. There has been concern recently regarding possible adverse outcomes when using
HES in the intensive care setting, especially in patients with septic shock. However, the phar-
macokinetic and pharmacodynamic properties of HES preparations depend on their chemical
composition and source material. Thus, different clinical conditions could result in differing
effectiveness and safety for these preparations. Consequently, we assessed the safety of tetra-
starches when used during surgery, using a formal search, that yielded 59 primary full publica-
tions 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.
There were no indications that the use of tetrastarches during surgery induces adverse renal
effects as assessed by change or absolute concentrations of serum creatinine or need for renal
replacement therapy (39 trials, 3389 patients), increased blood loss (38 trials, 3280 patients),
allogeneic erythrocyte transfusion (20 trials, 2151 patients; odds ratio for HES transfusion 0.73
[95% confidence interval = 0.61-0.87], P = 0.0005), or increased mortality (odds ratio for HES
mortality = 0.51 [0.24-1.05], P = 0.079). (Anesth Analg 2013;116:35-48)




Figure 2. Flow chart of reviewed and ana-
lyzed publications related to coagulation.
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Table 1. Studies Using Blood Loss as the Primary Objective

No. patients Volume packed %
Authors Surgery Starch/comparator Volume (mL) (N) Blood loss (mL) red blood cells Transfused
Kasper et al.®* Cardiac 130/0.4 3500 (2000-4500) 59 660 (380-1440) 1(0-6)U 32%
HES 200/0.52 2500 (1850-3250) 58 705 (330-1750) 1(0-6) U 32%
Van der Linden Cardiac 130/0.4 48.9+17.2mL/kg 64 544 + 305" 0 (0-6) U 38%
et al.52 MF gelatin 48.9+14.6mL/kg 68 504 £327° 0 (0-6) U 31%
Ellger et al.®® Major 130/0.4 50mL/kg 20 2563 (750-5500) 1.7 (0-6) U NR
Abdominal HES 200/0.5+MF gelatin 30 + 20mL/kg 20 2430 (1000-4000) 1.3(0-4)U NR
Chong Sung et al.*®* Cardiac 130/0.4 10mL/kg 21 9.9+4.8mL/kg 7.5+£6.0mL/kg 81%
Pediatric Fresh frozen plasma 10mL/kg 21 8.7+£3.9mL/kg 7.6£6.2mL/kg 81%
Boks et al.®’ Cardiac 130/0.4 1000 20 1768175 586155 mL NR
MF gelatin 1300-1500 90 1921 +89 582+57 mL NR
Ooi et al.®® Cardiac 130/0.4 1942+1046 45 567 +281 NR 89%
MF gelatin 1973+729I 45 596+337 NR 93%
Vanhoonacker Cardiac 130/0.4 1500 82 9.4+6.1mL/kg 0.77+0.90 U NR
et al.20 MF gelatin 1500 72 7.8£5.0mL/kg 0.63+1.08 U NR
Hanart et al.** Cardiac 130/0.4 50 (37-50) mL/kg 60 19 (9-31) mL/kg” 18 (0-40) mL/kg 57%
__& Pediatric 4% albumin 50 (45-50) mL/kg 59 25 (13-32) mL/kg® 29 (6-42) mL/kg 78%*
Lee et al.®® Cardiac 130/0.4 1458+ 465° 53 978+347 21+16U 27%
Off pump Balanced crystalloid 8342+1794 53 1028 +389 1.6x1.2U 23%

Studies for which blood loss was the primary end point. All studies of randomly allocated patients. Author’s name in italics indicates publications that specifi-
cally indicated that the trial was double blinded. All values are those from the published reports. Values are presented as mean £ SD, except those with
parentheses, which are median (interquartile range). Data shown in italics indicate a statistically significant difference. Volume is the volume of tetrastarch or
comparator administered. % Transfused is the percentage of patients transfused with allogeneic red cells.

U = units; NR = not reported; MF = modified fluid; HES = hydroxyethyl starch.

? MF gelatin also used: group HES 130, 500 (0-4000) mL; group HES 200/0.5, 1700 (0-4000) mL.

" Expressed as pure red cell volume (i.e., hematocrit of 100%) rather than blood volume.

¢ Crystalloids also used in the HES 130/0.4 group, 6694 +1882mL.

* P =0.019 versus HES 130/0.4.



Safety of Tetrastarches Used During Surgery
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Table 2. Studles Using Ex Vivo Coagulation Variables as the Primary Objective and Reporting Blood Loss
Data

No. Volume %
Authors Surgery Starch/comparator Volume (mL) patients (n) Blood loss (mL) PRBCs Transfused
Chen et al.”® Minor 130/0.4 20mL/kg 20 56+23 NR NR
HES 200/0.5 20mL/kg 20 60+17
Ringer lactate solution 20mL/kg 20 65119
Kim et al.?? Cardiac 130/0.4 2.4+x05L 24 5301247 1(04)U NR
Off pump HES 200/0.5 2.3+0.6L 24 713+263* 1(0-3)U
Mittermayer et al.?* Major orthopedic 130/0.4 6-8mL/kg/h 19 319 (4-1744y gue 3/19
(spine) MF gelatin 8-11mL/kg/h 21 526 (7-1559)° 13U® 8/21
Ringer lactate solution 13-15mL/kg/h 21 296 (47-1064)" 2U° 1/20
Tiryakioglu et al.>®*  Cardiac 130/0.4 1500 70 430+150 20 NR
Ringer acetate solution 1500 70 460+140 20u°
Osthaus et al.# Miscellaneous 130/0.42 10mL/kg 25 2.9+4.9mL/kg/h NR NR
pediatric MF gelatin 10mL/kg 25 4.2+4.6mL/kg/h
Schramko et al.”? Cardiac 130/0.4 15mL/kg 15 895 (619-1250) NR 5/15
HES 200/0.5 15mL/kg 15 870 (680-1230) 11/15
4% albumin 15mL/kg 15 990 (773-1073 5/15
Schramko et al.”™ Cardiac 130/0.4 28mL/kg 15 951+336 15u° NR
MF gelatin 28mL/kg 15 1099+420 21U°
Ringer lactate solution 28mL/kg 15 921+367 8u°
Muralidhar et al.?* Cardiac 130/0.4 1920+£230 10 550+125 0} 0
Off pump HES 200/0.5 2200+307 10 856+131t 0 0
MF gelatin 2700+197+ 10 582+ 159 0 0
Choi et al.™ Cardiac 130/0.4 500 18 471+187¢ 9° 7/18°
5% albumin 500 18 573+201° 15¢ 11/18°
Choi et al.?* Major orthopedic 130/0.4 15mL/kg 27 1422+ 688 960+ 584 4,27
_ (spine) HES 670/0.75 15mL/kg 27 1373+517 800289 12/27%
Jin and Yu™ Gastric cancer 130/0.4 30mL/kg 12 340108 R R
MF gelatin 30mL/kg 12 314158
Ringer lactate solution 30mL/kg 12 321+84
Liang et al.™ Colon cancer 130/0.4 1480+280 18 180+ 50 0 0
HES 200/0.5 1510+£260 17 210160 ] 0
Zdolsek et al.®® Major ortho- 130/0.4 1023+188 22 511+228 NR NR
pedic (hip 130/0.42 8861198 18 5391422
repiacement) HES 200/0.5 952+179 20 595+ 265
Dextran 70 861+230 18 524+ 200

* P =0.016 versus HES 130/0.4.
T P = (0.05 versus HES 130/0.4 and MF gelatin.
¥ P=0.03 versus HES 130/0.4.



OR: 0.73
[0.61-0.87]

5 _P=0.0004 479/1,027
: 386/995 l

40 + [

Patients : I
Transfused :
%) 07
[95% CI] ;
20 +
10 +

0
Tetrastarch Comparator

Figure 4. Fraction of patients transfused with allogeneic red cells
comparing those given a tetrastarch versus all other compara-
tors. Twenty trials reported allogeneic red cell transfusion (2151
patients); 2 reported no difference without actual data; 18 studies
provided data for 2022 patients. Bars are 95% confidence intervals.
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Figure 5. Flow chart of reviewed and ana-
lyzed publications related to renal function.



Table 4. Studles Evaluating Renal Function as the Primary Objectlve and Reporting Blood Loss Data

Volume packed %
Authors Surgery Starch/comparator Volume (mL) patlents (N) Blood loss (mL) red blood cells  Transfused
Harten et al.*?  Major abdominal 130/0.4 750 (0-1750) 14 400 (0-2000) NR NR
standard care® 15 250 (0-750)
Mahmood Major vascular 130/0.4 3911+783 21 1650 (1025-2630) 6(4-8)U NR
el Hydroxyethyl starch  3443+1769 21 1500 (1055-2050) 7 (5-10)
200/0.62
Modified fluid gelatin  4480+£1499 20 1700 (800-3150) 7 (5-10)

NR = not reported.
* Not defined in the publication.



Table 6. Studies Reporting Data for RRT

Author Patient population Starch, comparator Volume (mL) N (total) RRT (N)
Godet et al.** Abdominal aortic surgery HES 130/0.4 2350+£1355 32 0
Gelatin 2136+1174 33 1
James et al.*® Trauma (blunt) HES 130/0.4 6113+1919 20 2
Saline solution 629512197 22 1
Trauma (penetrating) HES 130/0.4 5093+2733 36 0
Saline solution 7473+4321% 31 2
Kasper et al.®* Coronary artery bypass HES 130/0.4 3500 (2000-4500) 59 2
HES 200/0.5 2500 (1850-3250) 58 3
Lee et al.*¥ Coronary artery bypass HES 130/0.4 14581465 53 1
Crystalloid 834211794 53 0
Mahmood et al.** Aortic aneurysm surgery HES 130/0.4 3911+1783 21 1
HES 200/0.62 344311769 21 1
Gelatin 44380+1499 20 3
Mukhtar et al.*® Liver transplantation HES 130/0.4 9309+1557 20 1
Human albumin 813612153 20 1
Olofsson et al.* Primary hip arthroplasty HES 130/0.4 250 or 500 184 0
MP40X 250 or 500 180 1

Studies reporting data for RRT. All studies randomly allocated patients. Author's name in italics indicates publications that specifically indicated that the trial
was double blinded. Data shown in italics indicate a statistically significant difference.

HES = hydroxyethyl starch; RRT = renal replacement therapy.
* P < 0.05 versus HES 130/0.4.



Renal Replacement Therapy
Seven studies reported the need for RRT (Table 6). Seven

of 388 (1.8%) patients receiving a tetrastarch had RRT com-
pared with 12 of 402 (3.0%) receiving a comparator (OR,

0.60[0.23-1.53]; P = 0.35; all were other colloids, except for 1
group of crystalloid in 1 trial).*




Table 7. Studies Repo

Author

Boldt et al.=

Fenger-Eriksen
et al., 2005%

Gallandat Huet
et al.*®

Godet et al.™*

Hanart et al.*

Harten et al.**
Heinze et al.™®
ickx et al.*®
Jover et al.*®

Kasper et al.™

Kasper et al.™
Kim et al.**

Mahmood et al.*!

Mukhtar et al.*

Oiofsson et al.>

Shabazl et al.*?

Tiryakioglu
et al.*

Van der Linden
et al.*?

Van der Linden
et al.™

Wu et al.®”

Yang et al.**

Yap et al.™

Patlent population
Cardiac surgery

Major spine surgery
Cardiac surgery

Abdominal aortic

surgery
Pediatric cardiac

surgery

Emergency abdeminal
surgery

Major urological
surgery

Major abdominal
surgery

Laparoscopic
cholecystectomy

Major surgery

Coronary artery
bypass

Coronary artery
bypass surgery

Aortic aneurysm
surgery

Liver transplantation

Primary hip
arthroplasty

Cardiopulmonary
bypass

Cardiopulmonary
bypass priming

Cardiac surgery

Primary hip
arthroplasty

Living-related kidney
transplantation

Hepatectomy

Coronary artery
bypass surgery

Starch, comparator
HES 130/0.4
HES 200/0.5
HES 130/0.4

Saline
HES 130/0.4
HES 200/0.5
HES 130/0.4

Gelatin
HES 130/0.4

Human albumin

HES 130/0.4
“Standard care”
HES 130/0.42
HES 200/0.5
HES 130/0.4
HES 200/0.5
HES 130/0.4
Ringer lactate solution
HES 130/0.4
HES 200/0.5

HES 130/0.4
HES 200/0.5
HES 130/0.4
HES 200/0.5
HES 130/0.4
HES 200/0.62
Gelatin
HES 130/0.4
Human albumin
HES 130/0.4

MP40X

HES 130/0.4
Ringer lactate solution
HES 130/0.4
Ringer lactate solution
HES 130/0.4
Gelatin
HES 130/0.4
MP40X
HES 130/0.4
Gelatin
HES 130/0.4
Human albumin
Ringer lactate solution
HES 130/0.4

Gelatin

ing Serum Creatinine or Creatinine Clearance Data
No. patients  Creatinine baseline

Volume (mL)
795175
820+90

4000 (3000-6000)
7000 (700-10,000)
25501561
24661516
2350+1355
2136+1174
Intraoperative, 50

(45-50)/kg
Intraoperative, 50

(37-50)/kg

750 (0-1750)

2540+£1232

229011040
1825+245
1925+183

3500 {2000-4500)
2500 (1850- 3250)
24001500
23001600
3911+1783
3443+1768
4490+148%9
830911557
813612153
250 or 500

250 or 500

1500
1500
1500
1500
48.8+20.9/kg
48.9:19.3/kg
250 or 500
250 or 500
11071308
1178+320
4500 + crystalloid
1800 + crystalloid
12,924
500

500

per group (N)
10
10

Creatinine peak

(mg/dL) (mg/dL)
0.88x0.15 1.01+0.26
0.91+0.17 1.04+0.22

0.83 (0.61-1.01) 0.74 (0.58-0.82)
0.87 (0.57-1.11) 0.81 (0.73-0.85)
1.10:0.16 1.23+0.20
1.12+0.16 1.07+0.23
1.23%0.33 1.40x0.70
1.26 £.0.28 1.44+0.70
0.32 (0.27-0.39) 0.31 (0.25-0.40)
0.27 (0.24-0.35) 0.30 (0.23-0.36)
0.97 (0.62-1.82) 0.97 (0.68-1.70)
1.14 {0.80-2.85) 1.08 (0.68-3.41)
0.85:0.19 0.89+0.19
0.83:0.26 0.86+0.28
1.05:20.13 0.85+0.19
1.15%0.12 1.02+0.12
CrCl: 116+28 CrCl: 176+ 14
CrCl: 109.+ 21 CrCl: 62+ 6.6%
Creatinine: normal;  Creatinine: normal;

no significant no significant
change change
0.9+0.2 1.0x0.3

0.9x0.2 1.1:04
0.96x0.2 1.0x0.2

1.0£0.2 0.9+0.2

1.1+0.01 10£0.01
1.2+0.03 1.2:0.1
1.13+0.01 16+£0.2*

11304 1503

11103 1.3:04

CrCl: 82 (62-100) CrCl: 96 {78-122)
mL/min mL/min
CrCl: 82 (70-100) CrCl: 94 (72-114)
mL/min mL/min
0.96x0.18 1.25:0.35
1+0.15 1.21:0.45

11104 141024

1.0:0.2 11+0.22%
1.05%0.23 1.02:0.29
1.0910.29 1.17£0.74

CrCi: no differences CrCl: no differences
between groups between groups
8.17x2.47 0.86x0.23
8.2712.42 1.03£0.41

Normal, no signifi-
cant differences
between groups

Normal, no signifi-
cant differences
between groups

1.09+0.25

1.35+0.57
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Figure 6. Ratio of peak postoperative serum creatinine concentra-
tion for patients given a tetrastarch to the peak postoperative serum
creatinine for patients given comparators. The bars are mean val-
ues (with 95% confidence intervals) of the mean or median group
data reported in all publications providing serum creatinine data.
n = number of publications providing data; N = number of patients
in those trials who were given a tetrastarch; HSA = human serum
albumin. Mo statistical analyses were performed.



In summary, 24 trials evaluated the need for RRET or
creatinine clearance or concentration in 1134 patients given
a tetrastarch and 1177 given a comparator. There was no

evidence that tetrastarch administration induced renal

impairment as judgﬂi by these variables, including in

subpopulations of patients at high risk for postoperative
degradation of renal function.



In summary, we conclude that data in the peer-
reviewed literature do not suggest an adverse safety
signal when tetrastarches are used intraoperatively or
in the immediate postoperative period or both. We did
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 Grup 1: Albumin+ HES (18 hasta)
— (500ml %5 albumin) + (1000mI Plasmalyte)
— Inf: 20 mL/kg/giin 6% HES 130/0.4

e Grup 2: HES+ HES (18 hasta)

— (500 mL 6% HES 130/0.4 + (1000 mL of plasmalyte)
Inf: 20 mL/kg/giin 6% HES 130/0.4

* Grup 3:Albumin + non HES (18 hasta)
— (500ml %5 albumin) +(1000ml Plasmalyte)
— Inf: Plasmalyte



Table 2 ROTEM before [Pre] and 24 h after [Post] CPB

HA-HES HES-HES HA-nonHES p value
InTEM
Coagulation time (s)
PreCPB 187 [173-224] 204 [148-289] 200 [172-271] 0.75
PostCPB 242 [187-268] 228 [162-283] 274 [219-344] 0.428
Clot formation time (s)
PreCPB 91 [75-114] 88 [71-132] 70 [68-92] 0.124
PostCPB 115 [92-193]* 121 [80-208] 119[101-138]* 0.972
aangle (°)
PreCPB 73 [68-75] 73 [69-76] 76 [73-77] 0.109
PostCPB 72 [61-73] 70 [54-76] 69 [65-711* 0.977
Maximum clot firmness (mm)
PreCPB 60 [57-64] 63 [58-65] 61 [56-65] 0.602
PostCPB 54 [45-58]* 52 [45-56]* 57 [51-591* 0.085
ExTEM
Coagulation time (s)
PreCPB 57 [49-75] 55 [49-67] 50 [45-52] 0.123
PostCPB 58 [50-80] 55 [45-70] 52 [45-60] 0.234
Clot formation time (s)
PreCPB 104 [79-124] 99 [82-112] 85 [73-112] 0.514
PostCPB 114 [106-165] 105 [86-144] 120 [93-126]* 0.482
aangle (°)
PreCPB 71 [65-74] 72 [68-74] 74 [71-78] 0.130
PostCPB 69 [64-72] 72 [67-76] 74 [70-76] 0.093
Maximum clot firmness (mm)
PreCPB 59 [54-61] 63 [58-65] 62 [57-66] 0.057
PostCPB 56 [50-62] 59 [56-63] 58 [55-61]* 0314
FibTEM
Maximum clot firmness (mm)
PreCPB 14[11-17] 17 [14-25] 18 [15-20] 0.052
PostCPB 16 [13-20] 17 [11-20] 18 [15-25] 0.658

preCPB, before cardiopulmonary bypass; postCPB, after cardiopulmonary bypass; ROTEM, rotation thromboelastography; HA, 5% human albumin; HES, 6%
hydroxyethyl starch 130/0.4; InNTEM, intrinsic ROTEM; EXTEM, extrinsic ROTEM; FibTEM, fibrinogen ROTEM.

Values are median [interquartile range].

*p<0.05 between pre- and postCPB within group.



Table 3. Blood Loss, Transfusion Requirement, Coagulation Variables, and Fluid Balance

Intraoperative Postoperative 24 h

Blood loss (mL)

HA-HES 500 [480-720] 450 [380-740]

HES-HES 583 [420-700] 495 [410-1220]

HA-nonHES 500 [485-665] 430 [280-685]
Transfused pRBC (units)/patients number (%)

HA-HES 1 [0-1]/10 (56) 0[0-1)/8 (44)

HES-HES 1 [0-2)/11 (61) 0 [0-1.5)/8 (44)

HA-nonHES 0 [0-1]/7 (39) 0[0-1)7 (39)
Transfused FFP (units)/patients number (%)

HA-HES 0 [0-3]/5 (28) 0[0-0)3(17)

HES-HES 0 [0-3]/5 (28) 0[0-0.5)/4 (22)

HA-nonHES 0 [0-3]/5 (28) 0[0-01/3 (17)
Transfused Plts (units)/patients number (%)

HA-HES 0[0-0)2 (11) 0 [0-0]/1 (6)

HES-HES 0[0-0)/3 (17) 0 [0-0)/1 (6)

HA-nonHES 0 [0-0]/1 (6) 0[0-0)/2(11)

HA, 5% human albumin: HES, 6% hydroxyethyl starch 130/0.4; pRBC, packed red blood cells; FFP, fresh frozen plasma; Plt, platelet concentrations; PT,
prothrombin time; aPTT, activated partial thromboplastin time.

Values are median [interquartile range] or meanstandard deviation or number of patients. Total, combined data of intraoperative and postoperative 24 h.
* p<0.005 compared with HA-HES and HES-HES group.

' p<0.005 compared with HA-HES and HA-nonHES group.



Table 4. Postoperative Datas

HA-HES (n=18) HES-HES (n=18) HA-nonHES (n=18) p value
Hemofiltration (mL) 1200 [800-1875] 1000 [850-2200] 1000 [100-1650] 0417
AKI (n) 4 4 5 0.629
ICU day (day) 3.3+0.9 3.2+1.0 2.7+0.9 0.196
Hospital day (day) 132+4.4 11.245.5 12.4+3.4 0671
Mortality (n) 0 1 0 0981

HA, 5% human albumin; HES, 6% hydraxyethyl starch 130/0.4; AKI, acute kidney injury by RIFLE (R-risk, l-injury, F-failure, LE-loss and end stage renal dis-
gase) criteria; ICU, intensive care unit.
Values are number of patients or median [interquartile range].



In conclusion, 6% HES 130/0.4, when used for priming
and perioperative fluid therapy up to 20 mL/kg, seemed to
yield similar influence on the ensuing coagulopathy and in-

flammatory response following complex valvular heart sur-
gery requiring prolonged duration of CPB, compared with

conventional fluid regimen including albumin and plasmalyte.
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Hydroxyethyl starch 6%, 130/0.4 vs. a balanced
crystalloid solution in cardiopulmonary bypass
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Table 1 Comparison of the two groups by preoperative
and intraoperative characteristics

Factor Isolyte-M™  Voluven™ 6% p value*
group (n:100) group (n:100)
Mean £ 5D Mean £ 5D

Age 61.81 £10.12 6152+529 0.833
BMI (kg/m") 27 BB+ 3596 2902 + 4561 0.063
LVEF (56) 53.72 £ 1081 5233+ 1108 0.370
Cross-clamp time {min) 5357 +£2002 5558+17.22 0449
CPB time {min) 7966 + 2763 B257 + 2358 0435
Graft # 322+1.06 3.10+080 0.390

n:9% n:9% p value**
Patient Total 100 100
Male sex 7 74 0622
Current/Bx-smoker 6/ 63 0553
Diabetes Mellitus 46 42 0569
Hypertension 65 62 0659
Dyslipidemnia 79 76 0811
Preoperative [-blocker use 40 4f 0318
Peripheral Arterial Disease® ] 3] 0.1718%=*
Stroke 1 1.000***
Carotid Disease” 7 5 0552
COPD/Asthma 14 15 0.847

*independent samples t-test.
**chi-square test.
#*Cisher's exact test.



Table 2 Comparison of the two groups by postoperative

variables

Isolyte-M™  Voluven™ 6%

group group

Mean = SD Mean+SD p value*
ICU intubation time, hours 1038+ 9.04 538+ 264 0.290
Length Of Stay
ICU, hours 4793 £1201 4525 + 586 0.046
Postoperative, days 6.14£255 547 +1.20 0019
Drainage tubes removed, 363641039 36.12+1332 0.886
hours
Toltal amount of drainage, 741.75£44858 68030+33292 0273
m
Number of FFP used 105+132 1024140 0877
Nurq per of packed RBC 182+165 163+1.50 0.397
used
Number of PC used 061 +£192 0154098 0.035

n:% n&6 p value**

Postoperative exploration 2 B 0.445
for hemorrhage
Postoperative AF 15 19 0457%*
Renal Dysfunction® 6 5 0421
Postoperative Stroke 1 1 1.000

*Independent samples t-test.
** Fisher’s exact test.
***chi-square test.



Conclusions

* |n this prospective randomized study,

 we did not document any difference between
HES and crystalloid solutions used for CPB
priming regarding postoperative outcomes like
postoperative bleeding, renal functions and
the use of blood and FFP.

 The number of used PC was less and the
hospital length of stay and ICU stay were
shorter in HES group.
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The impact of hydroxyethyl starches in cardiac
surgery: a meta-analysis

Matthias Jacob', Jean-Luc Fellahi??", Daniel Chappell* and Andrea Kurz®

Introduction: Recent studies in septic patients showed that adverse effects of hydroxyethyl starches (HESs) possibly
outweigh their benefits in severely impaired physiological haemostasis. It remains unclear whether this also applies
to patient populations that are less vulnerable. In this meta-analysis, we evaluated the impact of various HES
generations on safety and efficacy endpoints in patients undergoing cardiac surgery.

Methods: We searched the PubMed, Embase and Cochrane Central Register of Controlled Trials databases for
randomised controlled trials (RCTs) in the English or German language comparing the use of HES to any other
colloid or crystalloid during open heart surgery.

Results: Blood loss and transfusion requirements were higher for older starches with mean molecular weights more
than 200 kDa compared to other volume substitutes. In contrast, this effect was not observed with latest-generation
tetrastarches (130/0.4), which performed even better when compared to albumin (blood loss of tetrastarch versus
albumin: standardised mean difference (SMD), —0.34; 95% Cl, —0.63, —0.05; P = 0.02; versus gelatin: SMD, —0.06; 95%

Cl, —0.20, 0.08; P=0.39; versus crystalloids: SMD, —0.05; 95% Cl, —0.20, 0.10; P = 0.54). Similar results were found for
transfusion needs. Lengths of stay in the intensive care unit or hospital were significantly shorter with tetrastarches
compared to gelatin (intensive care unit: SMD, —0.10; 95% Cl, —0.15, —0.05; P= 0.0002) and crystalloids (hospital: SMD,
—0.52; 95% (I, —0.90, —0.14; P = 0.007).

Conclusions: In this meta-analysis of RCTs, we could not identify safety issues with tetrastarches compared with other
colloid or crystalloid solutions in terms of blood loss, transfusion requirements or hospital length of stay in patients
undergoing cardiac surgery. The safety data on coagulation with older starches raise some issues that need to be
addressed in future trials.
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A Tetrastarch 0.4 versus albumin

Tetrastarch 0.4

Albumin

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% ClI

Choiet al. 2010 938 16343 18 974 13126 18 196% -0.24 [-0.89, 0.42) —

Hanar et al. 2009 19 163 60 25 1407 59 641%  -0.39[-0.75 -0.03 ——

Niemi 2008/8chramko 2009 895 46741 15 990 22222 15 163% -0.25[-0.97, 0.47) S

Total (95% C1) 93 92 100.0%  -0.34[-0.63,-0.05) -

Heterogeneity: ChF = 0.23, df= 2 (P = 0.89); F= 0% B A ; ] 3

Test for overall effect: Z=2.28 (P = 0.02)

Favours Tetrastarch 0.4 Favours Albumin

Figure 2 Blood loss with tetrastarch compared to albumin, gelatin or crystalloids. Units of blood loss were expressed in millilitres (ml),

except Tor Hanart et al. 143) and Van der Linden et al. [52], where the units were millilitres per kilogram body weight, and Lee et al. [47], where

no unit was indicated. The standardised mean difference (Std. mean difference) of the mean for the tetrastarch groups minus the mean for the

albumin (A), gelatin (B) and crystalloid (C) groups was used as effect size. Fixed-effects models were applied to calculate a common effect

estimate using the inverse-variance method (IV). SD, standard deviation; Cl, Confidence interval.




B Tetrastarch 0.4 versus gelatin

Tettastarch 0.4 Gelatin Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
Alavi et al, 2012 1,280 280 32 1,350 270 K} 7.7% -0.25[-0.75, 0.24) —
Boks et al. 2007 1,768 711.51 90 1,921 844.33 a0 22.1% -0.20 [-0.49,0.10] =
Kimenai et al. 2013 500 311.11 30 465 288.89 30 7.4% 0.12 [-0.39, 0,62] —
Mulavisala et al. 2012 76 74 28 109 108 21 5.8% -0.36 [-0.93, 0.21) .
Muralidhar et al. 2010 550 124.8 10 582 159 10 2.4% -0.21 [-1.09, 0.67)
QOoi et al. 2009 567.3 281.2 45 596.4 3366 45 11.1% -0.09 [-0.51, 0.32] T
Schramko et al. 2010 951 336 15 1,099 420 15 3.6% -0.38 [-1.10, 0.34) o
Van der Linden et al 2005 19.4 12.3 64 19.2 14.5 68 16.3% 0.01 [-0.33, 0.36) %
Vanhoonacker et al. 20089 69579 368.82 82 5092.43 347.89 72 18.7% 0.29 [-0.03, 0.60) T
Yap et al. 2007 507 183 20 561 227 20 4.9% -0.26 [-0.88, 0.37) e
Total (95% CI) 416 402 100.0% 0.06 [-0.20, 0.08]

Heterogeneity: Chi*=892, df =9 (P= 0.44), F=0%
Test for overall effect: Z=0.87 (P = 0.39)

Figure 2 Blood loss with tetrastarch compared to albumin, gelatin or crystalloids. Units of blood loss were expressed in millilitres (ml),
except for Hanart et al. [43] and Van der Linden et al. [52], where the units were millilitres per kilogram body weight, and Lee et al. [47], where

2 1 0 1
Favours Tetrastarch 0.4 Favours Gelatin

N~ L

no unit was indicated. The standardised mean difference (Std. mean difference) of the mean for the tetrastarch groups minus the mean for the

albumin (A), gelatin (B} and crystalloid (C) groups was used as effect size. Fixed-effects models were applied to calculate a common effect

estimate using the inverse-variance method (IV). SD, standard deviation; Cl, Confidence interval,




C Tetrastarch 0.4 versus crystalloid

Tetrastarch 04 Crystalloid Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Akkucuk et al. 2013 2366 1272 12 1921 1091 12 35% 0.36 [-0.45,1.17] x
Alavi et al. 2012 1280 280 32 1300 260 29 90% -0.07 [-0.58,043) —
Chakravarthy et al. 2012 1589 390 25 1381 357 23 68% 0.55 [-0.03,1.12] =
Gurbuz et al. 2013 680.3 33292 100 74175 44858 100 296% -0.15[-0.43,0.12) —&
Lee etal 2011 978 347 53 1028 389 53 157% -0.13 [0.52, 0.25] .
Schramko et al. 2010 951 336 15 921 367 15 4.4% 0.08 [-0.63, 0.80] x
Shahbazi et al. 2011 9349 591 35 BS&34 56525 35 103% 0.14 [-0.33,061] S T
Tiryakioglu et al. 2008 430 150 70 460 140 70 206% -0.21 [-0.54,013) T
Total (95% Cl) 342 337 100.0% -0.05 [0 .20,0.10] ?
Heterogeneity. Chi#=7.45, df=7 (P=0.38); I*=6% ?-2 5 3 1f 21

Test for overall effect: Z=062 (P=054)

Favours Tetrastarch 0.4 Favours Crystalloid

Figure 2 Blood loss with tetrastarch compared to albumin, gelatin or crystalloids. Units of blood loss were expressed in millilitres (ml),
except for Hanart et al. [43] and Van der Linden et al. [52], where the units were millilitres per kilogram body weight, and Lee et al. [47], where
no unit was indicated. The standardised mean difference (Std. mean difference) of the mean for the tetrastarch groups minus the mean for the
albumin (A), gelatin (B) and crystalloid (C) groups was used as effect size. Fixed-effects models were applied to calculate a common effect
estimate using the inverse-variance method (IV). SD, standard deviation; Cl, Confidence interval.




Tetrastarch 0.4 versus pentastarch 0.5

Heterogeneity: Chi*= 1250, df =4 (P =001);, *=68%
Test for overall effect Z =288 (P =0.004)

Tetrastarch 04 Pentastarch 0.5 Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% C1 IV, Fixed, 95% CI
Ertmer et al. 2012 790 370 37 B850 320 39 253% 017 [062,0.28) I
Gallandat et al 2000 1301 851 30 1821 122 29 189% -0.54 |-106,-0.02) —
Kasper et al. 2003 660 22747 59 705 304.72 58 389% -0.17 [-0.53,0.20) —
Metha et al 2007 295 122 20 334 150 20 132% 028 [-090,0.34) e
Muralidhar et al 2010 550 1249 10 85 131.1 10 37% 229347 ,-1.11] e
Total (95% Cl) 156 156 1000% 033[0.56, 011 E3

-4

2 0 2 4
Favours Tetrastarch 04 Favours Pantastarch 0.5

Figure 3 Blood loss with tetrastarch compared to pentastarch. Units of blood loss were millilitres (ml). The standardised mean difference (Std.
mean difference) of the mean for the tetrastarch groups minus the mean for the pentastarch 0.5 group was used as effect size. A fixed-effects model
was applied to calculate a common effect estimate using the inverse-variance method (V). SD, Standard deviation; Cl, Confidence interval.
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A Tetrastarch 0.4 versus albumin

Tetrastarch 0.4 Albumin Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Choi etal. 2010 8 18 14 18 21.1% 0.57 [0.32,1.01] =
Hanart et al. 2009 34 60 46 59 699% 0.73[0.56, 0.94] ——
Schramko et al. 2009 5 15 6 15 9.0% 0.83[0.32, 2.15] s
Total (95% ClI) 93 92 100.0% 0.70 [0.56, 0.89] ’-
Total events 47 66
Heterogeneity. Chif = 0.69, df = 2 (P = 0.71); I* = 0% =02 025 ! 2 5=
Testfor overall effect Z = 2.95 (P = 0.003) Favours Tetrastarch 0.4 Favours Albumin

Figure 4 Transfusion requirements after tetrastarch compared to albumin, gelatin or crystalloids, The risk ratio was used as effect size
(transfusion risk for the hydroxyethyl starch groups divided by transfusion risk for the albumin (A), gelatin (B) and crystalloid (C) groups).
Fixed-effects models were applied to calculate a common effect estimate using the Mantel-Haenszel (M-H) approach. Cl, confidence interval,




B Tetrastarch 0.4 versus gelatin

Tetrastarch 0.4 Gelatin Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI
Kimenai et al. 2013 4 30 3 a0 29% 1.33[0.33,545] *
Louetal 2012 8 35 8 35 7.8% 1.00[0.42, 2.36]
Muralidhar et al. 2010 0 10 0 10 Not estimable
Qoi et al. 2009 40 45 42 45 411% 0.95[0.84, 1.08] .
Van der Linden et al 2005 24 64 21 68 199% 1.21[0.75, 1.95] e
Vanhoonacker et al. 2009 37 82 27 72 28.2% 1.20[0.82, 1.76] =
Total (95% ClI) 266 260 100.0% 1.09 [0.91, 1.30] B
Total events 113 101
Heterogeneity: Chi2=4.75, df =4 (P =0.31); 12= 16% 052 0’5 1 2 5
Test for overall effect Z=085(P =034) Favours Tetrastarch 04 Favours Gelatin

Figure 4 Transfusion requirements after tetrastarch compared to albumin, gelatin or crystalloids. The risk ratio was used as effect size
(transfusion risk for the hydroxyethyl starch groups divided by transfusion risk for the albumin (A), gelatin (B) and crystalloid (C) groups).
Fixed-effects models were applied to calculate a common effect estimate using the Mantel-Haenszel (M-H) approach. Cl, confidence interval.



C Tetrastarch 0.4 versus crystalloid

Tetrastarch 0.4 Crystalloid Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-, Fixed, 95% CI M-H, Fixed, 95°% CI
Chakravarthy et al. 2012 8 25 6 23 34.2% 1.23 [0.50, 3.00] L
Leeetal 2011 14 53 12 53 658% 1.17 [0.60, 2.28] )
Total (95% Cl) 78 76 100.0% 1.19 [0.69, 2.03] .
Total events 22 18
Heterogeneity. Chi#= 0.01,df=1 (P =0.93), I?=0% +

t + i
0.2 05 1 2 ]

Test for overall effect Z = 0.63 (P = 0.53) Favours Tetrastarch 04 Favours Crystalloid

Figure 4 Transfusion requirements after tetrastarch compared to albumin, gelatin or crystalloids. The risk ratio was used as effect size
(transfusion risk for the hydroxyethyl starch groups divided by transfusion risk for the albumin (A), gelatin (B) and crystalloid (C) groups).
Fixed-effects models were applied to calculate a common effect estimate using the Mantel-Haenszel (M-H) approach. Cl, confidence interval.




A Tetrastarch 0.4 versus albumin
ICU
Tetrastarch 0.4 Albumin

Study or Subgroup  Mean [days] SD [days] Total Mean [days] SD [days] Total Weight

Mean Difference
IV, Fixed, 95% Cl[days]

Mean Difference
IV, Fixed, 95°% CI [days]

Choi et al. 2010 17 08 18 14 06 18 87.1% 0.30 [-0.16,0.76) 2

Hanart et al. 2009 5 37 60 4 2956 59 129% 1.00 [-0.20,2 20 i

Total (95% CI) 78 77 1000% 0.39 [0.04,0352) <
Heterogeneity: Chiz=113,df=1 (P=0.29); F=12% 5 =‘ 3 1- i

Test for overall effect: Z=1.77 (F=008)

Hospital

Study or Subgroup

Tetrastarch 0.4 Albumin
Mean [days] SD [days] Total Mean [days] SD [days] Total Weight

Favours Tetrastarch 0.4 Favours Albumin

Mean Difference
IV. Fixed, 95% CI [days]

Mean Difference
IV, Fixed, 95% Cl [days]

Chol et al. 2010 12 3.7 18 11.6 3 18 453% 0.40(-1.80, 2.60) -
Hanart et al. 2009 14 593 60 12 519 59 54.7% 2.00 [-0.00, 4.00) —
Total (95% CI) 78 77 100.0% 1.28 [-0.20, 2.76] S
Heterogeneity: Chi*= 1.11, df = 1 (P = 0.29); F= 10% o 3 S 3 1
Test for overall effect: Z= 1.69 (P = 0.09) Favours Tetrastarch 0.4 Fayours Albumin




B Tetrastarch 0.4 versus gelatin
ICU

Tetrastarch 0.4 Gelatin Mean Difference Mean Difference
Study or Subgroup Mean [days] SD [days] Total Mean[days] SD [days] Total Weight IV, Fixed, 95% Cl[days] IV, Fixed, 95% CI [days]
Alaviet al 2012 187 019 32 1.9 0.09 31 513% -0.08[-0.16, -0.02) =
Boks et al, 2007 0.95 0.28 a0 0.95 0.28 90 40.9% 0.00 [-0.08, 0.08)
Mulavisala et al. 2012 3.7 26 28 34 1.8 21 0.2% 0.30 [-0.93, 1.53) 14
Ooietal 2009 244 1.36 45 26 1.3 45 09% -016-0.71, 0.39) =
Van der Linden et al 2005 1 0.47 64 1.79 0.7 68 6.7% -0.79 [-0.99, -0.59] ——
Total (95% CI) 259 255 100.0% -0.10 [-0.15, -0.05] ¢
Heterogeneity: Chi*= 50.93, df = 4 (P < 0.00001); F=92% '1 _0=5 , 035 ;
Testfor overal effect: Z= 3.74 (P = 0.0002) Favours Tetrastarch 0.4 F avours Gelatin
Hospital Tetrastarch 0.4 Gelatin Mean Difference Mean Difference
Study or Subgroup Mean [days] SD [days] Total Mean[days] SD [days] Total Weight IV, Fixed, 95 Cl[days] 1V, Fixed, 95% CI [days]
Mulavisala et al. 2012 6.8 1.9 28 6.7 26 21 29.9% 0.10[1.22, 142
Ooietal. 2009 6 26 45 6 22 45 524% 0.00[-1.00, 1.00]
Van der Linden et al 2005 8 386 64 9 6.01 68 17.7% -1.00(2.71,0.71] .
Total (95% CI) 137 134 100.0% -0.15 [-0.87. 0.57) 4

Heterogeneity: Chi*= 1,17, df= 2 (P = 0.56), I*= 0%
Test for overall effect: Z= 0.40 (P = 0.69)

2 4.0 1 2
Favours Tetrastarch 0.4 Favours Gelalin



C Tetrastarch 0.4 versus crystalloid
ICU

Tetrastarch 0.4 Crystalloid Mean Difference Mean Difference
Study or Subgroup Mean [days] SD [days] Total Mean [days] SD [days] Total Weight IV, Fixed, 95% CI [days] IV, Fixed, 95% CI [days]
Akkucuket al. 2013 25 2.2 12 3 28 12 0.1% -050[-251,1.51) ¢ t
Alavi et al. 2012 1.87 019 32 1.92 019 289 41.7% -0.05[-0.15, 0.05) 4
Chakravarthy et al 2012 1.92 0.5 25 1.75 0.42 23 56% 0.17 [-0.09, 0.43] T
Gurbuz et al, 2013 1.89 024 100 2 05 100 322% -0.11 [-0.22, -0.00) -
Lee et al 2011 27 0.8 53 27 11 53 28% 0.00[-0.37, 0.37] —_—r
Shahbazi et al. 2011 304 084 35 294 1.32 35 1.4% 0.10[-0.42, 0.62] S —r—
Tiryakioglu et al. 2008 1.88 042 70 1.96 0.5 70 16.2% -0.08 [-0.23, 0.07] N
Total (95% CI) 327 322 100.0% -0.06 [-0.12, 0.00] 0]
Heterogeneity: Chi = 4.57, df =6 (P = 0.60); F=0% 52 4-1 3 15 24

Test for overall effect: Z= 1.87 (P = 0.06) Favours Tetrastarch 0.4  Favours Crystalioid

Hospital
Tetrastach 0.4 Crystalloid Mean Difference Mean Difference

Study or Subgroup Mean [days] SD [days] Total Mean [days] SD [days] Total Weight IV, Fixed, 95°% Cl [days] 1V, Fixed, 95% CI [days]
Akkucuk et al. 2013 5 23 12 5.9 3.2 12 29% -0.90[-3.13, 1.33)
Gurbuz etal 2013 547 1.2 100 614 255 100 48.7% -0.67 (-1.22,-012) .
Lee et al. 2011 109 57 53 10.3 3.7 53 43% 0.60[-1.23, 2.43]
Shahbazi et al. 2011 523 0.94 35 5.43 178 35 31.8% -0.20 [-0.87, 0.47) —r
Tiryakioglu et al, 2008 8 3 70 9 3 70 144% -1.00 [-1.88,-0.01) —
Total (95% CI) 270 270 100.0% -0.52 [-0.90, -0.14] -5
Heterogensity: Chi*= 3.61, df = 4 (P = 0.46); I*= 0% r2 1 3 j 2

Testforoveral effect: Z= 2.70 (P = 0.007) Favours Tetrastarch 0.4 Favours Cry stalloid

gure 5 (See legend on next page)



A Tetrastarch 0.4 versus albumin

Tetrastarch04 Albumin Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chai etal. 2010 3364 45675 18 3072 25173 18 183% 0.77[0.09, 145) 2
Hanart et al. 2009 164 1841 60 168 2056 59 654% -0.20 [-056, 0.16) —
Schramkoetal. 2009 5862 98309 15 5565 734 15 163% 0.33[-0.39, 105 -
Total (95% Cl) 93 92 100.0% 0.06 [0.23, 0.35] ?
Heterogeneity: Chi* = 6.84, of = 2 (P = 0.03), 1= 71% 2 g 5 ! 3
Test for overall effect: Z =042 (P = 0.67) Favours Tetrastarch 0.4 Favours Albumin

Figure 6 Efficacy of tetrastarch compared to albumin, gelatin or crystalloids as judged by total volume infusion. Units of total combined
volume of colloids and crystalloids were expressed in millilitres (ml), except for Hanart et al. [43] and Van der Linden et al. [38,52], where units
were expressed as millilitres per kilogram body weight (ml/kg). (A} Albumin. (B) Gelatin. (C) Crystalloid. The standardised mean difference (Std.
mean difference) of the mean for the hydroxyethy! starch group minus the mean for the albumin group was used as effect size. Fixed-effects
models were applied to calculate a common effect estimate using the inverse variance method (V). SD, standard deviation; Cl, confidence interval.




B Tetrastarch 0.4 versus gelatin

Tetrastarch 04 Gelatin Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
Alavi et al. 2012 4820 23087 32 7225 338.01 31 1.1% -823(-9.80, -6.67] —_
Kimenai et al. 2013 6275 840.88 30 6,130 764.08 30 10.8% 0.18 [[0.33,0.69) T
Mulavisala et al. 2012 566 14584 28 654 173.07 21 8.4% -0.55 1.13,0.03) ™
Muralidhar et al. 2010 1820 2299 10 2700 1972 10 13% -349(-4.98, -2.00] —_—
Ooi et al. 2009 198423 1,046.1 45 19733 7288 45 16.3% -0.03 [-0.45,0.38] >
Schramko et al. 2010 2724 908.06 15 3735 85479 15  46% -1.12[-1.89, -0.34] =
Van der Linden et al 2005 1006 1451 B4 1025 1297 68 239% -0.14 [-0.48,0.20] L |
Vanhoonacker et al. 2009 676 467 82 1035 B13 72 264% -066 [-0.99, -0.34) a
Yap et al. 2007 2574 722 20 2510 769 20 7.2% 0.22 [-0.41,0.84) T
Total (95% Cl) 326 312 100.0% 0.41 [0 58, 0.25] {
Heterogeneity. Chi*#= 13274, df =8 (P < 0.00001); F=94% _150 ,'5 3 5‘ 1¥0

Test for overall effect: Z=4.84 (P <0.00001)

Favours Tetrastarch 0.4 Favours Gelatin

Figure 6 Efficacy of tetrastarch compared to albumin, gelatin or crystalloids as judged by total volume infusion. Units of total combined
volume of colloids and crystalloids were expressed in millilitres (ml), except for Hanart et al. [43] and Van der Linden et al. [38,52], where units
were expressed as millilitres per kilogram body weight (ml/kg). (A) Albumin. (B} Gelatin. (C) Crystalloid. The standardised mean difference (Std.
mean difference) of the mean for the hydroxyethyl starch group minus the mean for the albumin group was used as effect size. Fixed-effects
models were applied to calculate a common effect estimate using the inverse variance method (V). SD, standard deviation; Cl, confidence interval.

J




C Tetrastarch 0.4 versus crystalloid

Tetrastarch 0.4 Crystalloid Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Akkucuk et al. 2013 180497 28263 12 2,187.22 646.51 12 138% -0.74 [-157,0.09] ==
Alavi et al. 2012 4820 23087 32 8250 371.21 29 22% -1108[13.17,-8.99] -
Lee et al. 2011 8152 137079 53 B342 1794 53 B56% -0.12 [-050,0.26] 58]
Schramko et al. 2010 2724 90806 15 2924 76222 15 185% -0.23 [-095,0.49) i
Tiryakioglu et al. 2008 0 0o 70 1360 360 70 Not estimable
Total (95% CI) 182 179 100.0% 0.46 [0.77, -0.15] ‘
Heterogeneity: Chi= 10272, df = 3 (P <0.00001); I?=97% _1*0 ,'5 o é 140

Test for overall effect: Z=234 (P =0.003) Favours Tetrastarch0.4 Favours Crystalloid

Figure 6 Efficacy of tetrastarch compared to albumin, gelatin or crystalloids as judged by total volume infusion. Units of total combined
volume of colloids and crystalloids were expressed in millilitres (ml), except for Hanart et al. [43] and Van der Linden et al. [38,52], where units
were expressed as millilitres per kilogram body weight (ml/kg). (A) Albumin. (B) Gelatin. (C) Crystalloid. The standardised mean difference (Std.
mean difference) of the mean for the hydroxyethyl starch group minus the mean for the albumin group was used as effect size, Fixed-effects
models were applied to calculate a common effect estimate using the inverse variance method (V). SD, standard deviation; Cl, confidence interval.




* We conclude that tetrastarches are improved
compared to older starches in regards to
blood loss or need for transfusions.

* On the basis of the available data,
tetrastarches seem to be efficient and safe
volume substitutes which can be
recommended for cardiac surgery.
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Table 1 Characteristics of included studies. RRT, renal replocement theropy; AKI, ocute kidney injury; SCr, serum creatine; AKIN, Acute Kidney Injury Network

Study Design Type of surgery n Storch Comparator Jodod  Reports Reports  Reports  Author-defined AKI Commercial
score mortality  RRT AKI support

Alovi and RCT Cardiac 52 6% HES 13004 4% gelotin RL 3 Yes No No - Not stated
colleagues™”
Dehne and RCT ENT 60 68 HES-200/0.5:6% RL 4 Yes No No - Fresenius
colleagues™* HES-200/0.62: 6%

HES-650/0.7
Dienl and RCT Cardiac 6% HES-450/0.7 5% albumin 3 Yes No Yes SCr>15mgdl ? Not stated
colleagues®®
Feldheiser and RCT Gynoecological S0 8% HES130/0.4 Balanced 4 Yes No No - Fresenius-Xabl
colleagues™ crystalloid
Gadet and Multicentre  Vescular 65 8% HES 130/0.4 3% gelatin 4 Yes Yes Yes Increase in SCr from Fresenius-Kabi
colieagues’™ RCT baseline of =0.5mg

dl?

Gondos and Multicentre  Mixed 200 8% HES 130/0.4 RL, 4% geiatin, 3 Yas No No - Fresenius-KXabl
colleagues’™ RCT 5% clbumin
Guo and RCT Gynoecolagical 42 8% HES-20000.5 RL 3 Yes Yes No - Not stated
colleagues’®
Hecht-Deinikand  RCT Cardiac 156 6% hetastarch 5% albumin 4 Yes No No - None
colleagues”
Hung and RCT Vascular 864 65 HES 130/0.4 RL 4 Yes Yes Yes Not specified Edwards
colleagues’”
Kuitunen and RCT Cardioc 45 8% HES12000.7:6% 4% albumin 4 Yes No No - Not stated
colleagues®® HES 400/0.7
Lee and RCT Cardiac 106 8% HES 130/0.4 RL 3 Ne Yes Yes AKIN criteria None
colleagues™
Mahmood and RCT Vascular 62 6% HES 200/0.6: 6% 4% gelatin 4 Yes Yes No - Fresenius-Kabi
colleagues’” HES 130/0.4
Marik and RCT Vascular 30 &% hetastarch RL 4 Yes No No - Not stated
colleagues'*
Munsch end RCT Cardioc 40 8% MES-450/0.7 Plasma protein 3 Yes No No - Not stated
colleagues™? fraction
Ooi and RCT Cardiac 50 6% HES 130004 4% gelatin 4 Yes Yes Yes Not specified Not stated
colleagues™’
Skrvinskas and RCT Cardiac B0 NaCl0.72%/6% HES  RL 3 Yes No No - Not stated
colleagues™
Van der Linden RCT Cardioc 6% HES-200/0.5 3.5% gelatin 3 Yes No No - Not stated
and colleagues™®
van der Linden RCT Cardiac 132 8% HES 130/0.4 3% gelatin 3 Yes No No - Not stated
and colleagues™® (Votuven)
Verheij ond RCT Cardiac or major 67 &% HES 200/0.5 4% gelatin, 4 Yes No No - Broun
colieagues’’ vascukar NoCl 0.9%




HES

Study or subgroup Events Total

Control
Events Total Weight

Risk difference
M-H, fixed, 95% CI

Risk difference
M-H, fixed, 95% CI

Cardiac surgery

Alavi and colleagues20

Diehl and colleagues®
Hecht-Dolnik and colleagues?®
Kuitunen and colleagues?®
Munsch and colleagues3?2
Ooi and colleagues??
Sirvinskas and colleagues34
Van der Linden and colleagues330
Van der Linden and colleagues3€0

OO0 00000

Verheij and colleagues3” 0
Subtotal (95% CI)
Total events 0

32
33
78
30
20
45
40
55
64
17

414

N -0 00 000 OoOOo

Heterogeneity: 72=1.12, df=9 (P=1.00); /2=0%
Test for overall effect: Z=0.58 {P=0.56)

Non-cardiac/mixed surgery

Dehne and colleagues?’ 0
Feldheiser and colleagues2® 1
Godet and colleagues?* 2
Gondos and colleagues?® 15
Guo and colleagues?s 0
Hung and colleagues?? 0
Mahmood and colleagues3® 1

0

Marik and colleagues3!
Subtotal (95% CI)

Total events 19

45
26
32
50
20
41

42
15

27

omoogmoo

43

Heterogeneity: 2=3.27, df=7 (P=0.86); I°=0%
Test for overall effect: Z=0.16 (P=0.87)

Total (85% Cl)
Total events 19

685

46

Heterogeneity: z°=4.33, df=17 (P=1.00); I*=0%

Test for overall effect: Z=0.12 (P=0.91)

680  6.1%
27 4.4%
78  11.5%
15  2.9%
20  29%
45 6.6%
40 59%
55  8.1%
68 9.7%
50 3.7%
458  62.0%
15  3.3%
24 37%
33 4.8%
150 11.1%
22 31%
39  59%
20  4.0%
15 2.2%
318 38.0%
776 100.0%

Test for subgroup differences: 7°=0.11, df=1 (P=0.74); °=0%

*ig 2 Forest plot of hospital mortality.
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HES Control Risk difference Risk difference

Study or subgroup Events Total Events Total Weight M-H, fixed, 95% Cl M-H, fixed, 95% CI
Cardiac surgery

Lee and colleagues®® 1 53 0 53 265% 0.02[-0.03, 0.07]

Ooi and colleagues33 0 45 0 45 225%  0.00[-0.04, 0.04]

Subtotal (95% Cl) 98 98 49.0% 0.01 [-0.02, 0.04]

Total events 1 0

Heterogeneity: 7°=0.33, df=1 (P=0.56); 1°=0%
Test for overall effect: Z=0.58 (P=0.56)

Non-cardiac/mixed surgery

Diehl and colleagues?? 2 33 0 27 148%  0.06 [-0.04, 0.16] ™
Godet and colleagues?4 8 32 7 33 16.2%  0.04 [-0.17, 0.24]

Hung and colleagues?? 0o a4 0 39 20.0% 0.00[-0.05, 0.05] £
Subtotal (95% CI) 106 99 51.0% 0.03 [-0.04, 0.10]

Total events 10 7

Heterogeneity: 7°=1.87, df=2 (P=0.39); I°=0%
Test for overall effect: Z=0.78 (P=0.43)

Total (95% ClI) 204 197 100.0% 0.02 [-0.02, 0.06] $
Total events 1 7
Heterogeneity: z2=2.21, df=4 (P=0.70); I>=0%

Test for overall effect: Z=0.95 (P=0.34)

Test for subgroup differences: z2=0.22, df=1 (P=0.64); I°=0%

-1 -05 0 0.5 1
Favours HES Favours control

d

Fig 3 Forest plot of acute kidney injury.



HES Control Risk difference Risk difference

Study or subgroup Events Total Events Total Weight M-H, fixed, 95% Cli M-H, fixed, 95% CI
Cardiac surgery

Lee and colleagues?® 1 53 0 53 24.3% 0.02 [-0.03, 0.07]

Ooi and colleagues3? 0 45 0 45 20.6%  0.00[-0.04, 0.04]

Subtotal (85% Cl) 98 98 44.8%  0.01[-0.02, 0.04]

Total events 1 0

Heterogeneity: ?=0.33, df=1 (P=0.56); I?=0%
Test for overall effect: Z=0.58 (P=0.56)

Non-cardiac/mixed surgery

Godet and colleagues®* 0 32 1 33 149% -0.03[-0.11,0.05]

Guo and colleagues?® 0 20 0 22 96% 0.00[-0.19, 0.09] E
Hung and colleagues?” 1 4 0 39 183%  0.02[-0.04, 0.09]

Mahmood 2009 2 42 3 20 124% -0.10[-0.27, 0.07] — e
Subtotal (95% Cl) 135 114 55.2% -0.02 [-0.08, 0.03] &
Total events 3 4

Heterogeneity: °=3.13, df=3 (P=0.37); I*=4%

Test for overall effect: Z=0.87 (P=0.38)

Total (95% Cl) 233 212 100.0% -0.01 [-0.04, 0.02] ¢
Total events 4 4

Heterogeneity: »*=3.69, df=5 (P=0.60); I’=0% o7 - 0 = : 0§5 1
Tost for avore? effegt: 2=0.49 (P=0.62) Favours HES Favours control
Test for subgroup differences: y*=1.10, df=1 (P=0.30); I*=8.8%

Fig 4 Forest plot of renal replacement therapy.



Conclusion

* The principal finding of this study was that
there was no difference in hospital mortality,
requirement for RRT, or author defined AKI

associated with perioperative use of i.v. 6%
HES solutions.
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Reports from literature searching (n=2919)
Pubmed n=970
EMBASE n=5%0
Ovid n=549
Cochrane library n=805

Records from review references or comments n==5

+| Exclusion of duplicate reports (n=1702)

h 4

Reports for screening (n=1217)

Exclusion of reports not matching
inclusion criteria (n=1181)

X

Reports for potential inclusions (n=36)

Exclusion of reports from Boldt (n=12)

Exclusion of reports without data
available (n=2)

\ 4

Reports included in meta-analysis (n=22)




Mortalite

cxperimental-rico

wontroi

Study or Subgroup Events Total Events Total Weigh
Beards 1994 4 13 6 15 1.5%
Van der Linden 2005 0 64 1 68 0.4%
Mahmood 2007 2 42 6 20 2.2%
Godet 2008 2 32 2 33 0.5%
Oo0i 2009 0 45 0 45

Mukhtas 2009 1 20 1 20 0.3%
Heradstveit 2010 2 10 2 9 0.6%
Gondos 2010 2 26 5 80 0.7%
Inal 2010 5 15 5 15 1.3%
Du 2011 1 20 2 21 0.5%
Yang 2011 0 26 0 55

James 2011 12 56 6 53 1.6%
Myburgh 2012 349 2337 342 2383 90.3%
Nagpal 2012 1 35 0 35 0.1%
Total (95% CI) 2741 2852 100.0%
Total events 381 378

Heterogeneity: Chi? = 9.24, df = 11 (P = 0.60); I = 0%
Test for overall effect: Z = 0.42 (P = 0.67)

KISK Katuo
M-H. Fixed

0.77 [0.28, 2.14]
0.35[0.01, 8.53]
0.16 [0.04, 0.72]
1.03 [0.15, 6.89]
Not estimable
1.00 [0.07, 14.90]
0.90 [0.16, 5.13]
1.23 [0.25, 5.97]
1.00 [0.36, 2.75]
0.53 [0.05, 5.35]
Not estimable
1.89[0.77, 4.68]
1.04 [0.91, 1.19]
3.00[0.13, 71.22]

1.03 [0.90, 1.17]

| Year
1994
2005
2007
2008
2009
2009
2010
2010
2010
2011
2011
2011
2012
2012

HES Control

KISK Kauo
M-H. Fixed
L ]
0.01 01 1 10 100




RRT

HES Control Risk Ratio Risk Ratio
S rs ro Ev To Events Tota eight -H. Fixed, 95% CI Year M- ixed, 95% CI
Chen 2006 0 33 0 33 Not estimable 2006
Mahmood 2007 2 42 3 20 36.6% 0.32[0.06, 1.75] 2007 — &
Godet 2008 0 32 1 33 13.3% 0.34 [0.01, 8.13] 2008 "
Ooi 2009 0 45 0 45 Not estimable 2009
Mukhtas 2009 1 20 1 20 9.0% 1.00 [0.07, 14.90] 2009
James 2011 2 56 3 53 27.7% 0.63[0.11, 3.63] 2011 =
Du 2011 1 20 0 21 4.4% 3.14[0.14, 72.92] 2011 ¥
Lee 2011 1 53 0 53 4.5% 3.00[0.12, 72.02] 2011 s
Nagpal 2012 1 35 0 35 4.5% 3.00[0.13, 71.22] 2012 -
Total (95% Cl) 336 313 100.0% 0.83 [0.36, 1.91] ‘
Total events 8 8 : , : :
it 12 — — _— - |12 = NO ) T T 1
Heterogeneity: Chi? = 3.58, df =6 (P = 0.73); I?= 0% 001 01 1 10 100

Test for overall effect: Z = 0.43 (P =0.67)

HES Control




A: Bleeding, B: RBC Transfusion

HES Control Std. Mean Difference Std. Mean Difference
r rou Mean SD Total Mean SD Total Weight IV, Fixed,. 95% CI Year IV, Fixed. 95% CI
Ley 1990 1,070 448 1 896 383 10 4.7% 0.40 [-0.47, 1.27] 1990 -
Schramko 2009 883 431 30 990 222 15 9.0% -0.28 [-0.90, 0.34] 2009 B
Ooi 2009 567.3 281.2 45 596.4 336.6 45 20.5% -0.09 [-0.51, 0.32] 2009 ! (T
Schramko 2010 951 336 15 1,010 398 30 9.1% -0.15[-0.77, 0.47] 2010 )
Lee 2011 753 313 53 810 322 53 24.1% -0.18 [-0.56, 0.20] 2011 -
Alavi 2012 1,280 280 32 1,326 264 60 19.0% -0.17 [-0.60, 0.26] 2012 A [
Kimenai 2013 500 420 30 465 390 30 13.7% 0.09 [-0.42, 0.59] 2013 -
Total (95% Cl) 216 243 100.0% -0.10 [-0.29, 0.08]
Heterogeneity: Chi? = 2.40, df = 6 (P = 0.88); I? = 0% Y 5% B 0B
Test for overall effect: Z = 1.08 (P_=0.28) HES Control
HES Control Std Std. Mean Difference

Ley 1990
Van der Linden 2005
Mukhtas 2009
James 2011

Lee 2011

Total (95% CI)

11
64
20
36
53

184

Heterogeneity: Chi? = 4.16, df =4 (P = 0.38); 1?=4%
Test for overall effect: Z = 1.21 (P = 0.23)

182

. Mean Difference

0ig xed. 95% Cl Year IV, Fixed. 95% Cl
5.5% 0.53 [-0.35, 1.40] 1990 ;
36.4% 0.00 [-0.34, 0.34] 2005 =
10.8% -0.42 [-1.04, 0.21] 2009 —I
18.3% -0.16 [-0.64, 0.32] 2011 ——
29.0% -0.28 [-0.67, 0.10] 2011 —&T
100.0%  -0.13 [-0.33, 0.08]

1
Ll

-1

-

HES Control




A:HES-Crytaloid,  B:HES-GEL C:HES Alb ICU sivi ted

Crystalloid Std. Mean Difference

Std. Mean Difference

0,

atiaieieing

Liks

vical)

3 : B2 : :F: \'A REEgﬂu_]. 85% Cl
2,587 15 2,606 15 -0.03 [-0.75, 0.68] 2010

Test for overall effect: Z = 1.19 (P = 0.23)

HES Albiimin

Schramko 2010 633 564
Heradstveit 2010 5499 2,047 10 8,678 2,565 9 14.3% -1.32 [-2.33, -0.30] 2010 2
James 2011 5457 2,402 56 6,984 3,621 33 23.9% -0.52 [-0.96, -0.08] 2011 -
Yang 2011 2,047 79 26 2,145 154 25 21.5% -0.79 [-1.37,-0.22] 2011 = G
Alavi 2012 3,500 2,100 32 6,100 400 29 21.3% -1.66 [-2.25, -1.07] 2012 .
Total (95% CI) 139 111 100.0% -0.84 [-1.39, -0.30] ’
Heterogeneity: Tau® = 0.28; Chi* = 15.22, df = 4 (P = 0.004); I* = 74% % 4 !
Test for overall effect: Z = 3.02 (P = 0.0032 HES Crystalloid
B HES Gelatin Std. Mean Difference Std. Mean Difference
_Study or Subgroup  Mean SD Total Mean  SD Total Weight IV, Fixed, 95% Cl Year IV, Fi %Cl
Van der Linden 2005 3,570 678 64 3,654 707 69 52.5% -0.12 [-0.46, 0.22] 2005
Ooi 2009 717 910 45 794 712 45  35.6% -0.09 [-0.51, 0.32] 2009
Schramko 2010 2,587 633 15 2,820 1,605 15 11.8% -0.19 [-0.90, 0.53] 2010
Total (95% CI) 124 129 100.0% -0.12 [-0.37, 0.13]
Heterogeneity: Chi* = 0.05, df = 2 (P = 0.98); I? = 0% T o 2 : =,
Test for overall effect: Z = 0.94 (P = 0.35) HES Gelatin
C HES Albumin Std. Mean Difference Std. Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% C| Year IV, Random, 95% Cl
Schramko 2009 3,006 879 30 2,565 705 15 42.2% 0.52 [-0.11, 1.15] 2009 q i
Yang 2011 2,047 79 26 2,042 51 30 57.8% 0.08 [-0.45, 0.60] 2011 at
Total (95% CI) 56 45 100.0% 0.26 [-0.17, 0.70] ’
Heterogeneity: Tau? = 0.01; Chi = 1.15, df = 1 (P = 0.28); I7 = 13% ‘_2 1 5 1 2’




Conclusion

Although volume expansion with 6% HES did not seem to increase the mortality or RRT
incidence in non-septic ICU patients, the sample sizes of our meta-analysis were small and
the studies generally were of poor quality.
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Fig. 1. (a-d) plasma levels of tumor necrosis factor-o {TNF-a, a), interleukin-6 (IL-6, b), interleukin-8 (IL-8, ¢} and interleukin-10 (IL-10, d) at baseline (T0), and 2 h (T1), 12 h
(T2),24 h(T3) and 48 h (T4) after separation from cardiopulmonary bypass after patients were randomly given hydroxyethyl starch 130/0.4 (HES, n = 10), gelatin (GEL, n = 10)
or crystalloid (ISO, n = 10) for acute normovolemic hemodilution. Data are given as means and vertical bars denote 95% confidence intervals. ‘Repeated measures of ANOVA
design, overall two-way (group and time) interaction. *Kruskal-Wallis ANOVA by rank test, multivariate analysis with Bonferroni correction (Group HES vs. Group 1SO at T1).
SKruskal-Wallis ANOVA by rank test, multivariate analysis with Bonferroni correction (Group HES vs. Group GEL at T1).
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Discussion

* |[n an in vivo system, the balance of pro- and
anti-inflammatory reactions determines the
extent of the overall inflammatory response.

— In our study,

— The HES group showed ;
* less pro-inflammatory (as measured by IL-8) and

* more anti-inflammatory response (as measured by IL-
10) than GEL, and

* less pro-inflammatory (as measured by TNF-a) response
than I1SO 2 h after weaning from CPB.



