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An Analysis of the Association of Whole Blood Transfusion With the
Development of Acute Respiratory Distress Syndrome

Whole Blood Exposure and ARDS Risk in Trauma

A. ARDS Incidence C. Injury Severity
30 p<0.001
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No whole blood Whole blood
p < 0.001
P < 0.001
Greater blood product exposure and whole blolood transfusion are associated with higherARDS rates in trauma patients.

Source: Moreno et i

Moreno AR, Fisher AD, Long BJ, Douin DJ, Wright FL, Rizzo JA, April MD, Cohen MJ, Getz TM, Schauer SG.
Crit Care Med. 2025 Jan 1;53(1):e109-e116.

Whole blood becomes increasingly susceptible to tPA-mediated
fibrinolysis with storage
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Maginot ER, Barmettler NK, Moore EE, Moore HB, Gawargi Fl, White CM, Hiser DC, Sextro KS, Clegg AA, Moody TB, Volk GE,
Goodman N, Bobr A, Henry R, Barrett CD. J Trauma Acute Care Surg. 2025 Dec 17.
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Four-factor prothrombin complex concentrate in adjunct to whole blood
in trauma-related hemorrhage: poes whole blood replace the need for factors?

Approximate Mortality vs 1SS: Germany (TR-DGU) vs US Trauma Registries

Outcome WB Alone (n=168) 4-PCC + WB (n=84) P Value S e ey
24-h Transfusion s | S8 15 Trwma Regitres INTDR/TRSS)
PRBC, median (IQR) 10 (6-18) 8(5-14) 0.04
FFP, median (IQR) 8(4-12) 6 (4-10) 0.01 2%
Platelets, median (IQR) 2(1-4) 2(1-3) 0.19 %
Cryoprecipitate, median (IQR) 2(1-5) 2(1-4) 0.37 g “
Mortality, n (%) .
ED mortality 10 (6%) 3 (4%) 0.42
Overall in-hospital mortality 74 (44%) 39 (46%) 0.72 0

10 20 30 40 50 60 70
Injury Severity Score (1SS)

Khurrum M, et al. Four-factor prothrombin complex concentrate in adjunct to whole blood in trauma-related hemorrhage: Does whole blood
replace the need for factors? J Trauma Acute Care Surg. 2021 Jul 1,91(1):34-39.

Whole Blood vs Comp: WHOLE BLOOD COMPONENT THERAPY
SWIFT Trial Results — —

Smith JE, Cardigan R, Sanderson E, et al.

(3 ™ NEW ENGLAND
%. 7/ JOURNAL o MEDICINE

swiFT\

Study of Whole blood
In Frontline Trauma ‘ PRIMARY OUTCOME
(death or massive transfusion <24-hours)

@v’ Mo miitant g)
ALL-CAUSE MORTALITY

@ No sanfcant Qo\

MASSIVE TRANSFUSION

10 AIR AMBULANCE SERVICES | 44. Hpncn

Smith JE, et al; SWIFT Trial Group. Prehospital Whole Blood in Traumatic Hemorrhage - a Randomized Controlled Trial.
N Engl J Med. 2026 Mar 17.
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@ CRITICAL CARE

The European guideline on management of major bleeding
and coagulopathy following trauma: sixth edition

Recommendation 15 We recommend that fluid therapy using a 0.9% sodium
chloride or balanced crystalloid solution be initiated in the hypotensive
bleeding trauma patient (Grade 1B).

“The concept of a restricted volume replacement and permissive

hypotension. Tis strategy was mainly triggered by a RCT published in the

1990s demonstrating increased survival in penetrating trauma ... “
(Bickell WH et al. 1994)

Rossaint R et al. Critical Care 2023; 27:80

Re-calculation of the Bickel trial:
Statistics: Fisher Exact Test

Survivor Non Survivor
immediate fluid
replacement 193 116
1 patient
delayed fluid _, 36
replacement

p=0.04 &
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Re-calculation of the Bickel trial:
Statistics: Fisher Exact Test

Survivor Non Survivor

immediate
fluid 193 116

replacement

delayed fluid 202 @
replacement

Dilution

Coagulopathy

Volume overload

Pulmonary dysfunction

(Abdominal compartment) syndrome

Increase in blood pressure = increases blood loss

YV V.V VYV V VYV V

Hypothermia due to cold infusion solutions




Hypocoagulability
Hypercoagulability

.| Hypoxia DAMPS Modifying factors
e - Histones or ONA - Genetis
; B P * HMGB1 * Medications
-
¢ - Complement
+ activation
+ NETosios
+ Medications
[ l !
Activated Thrombin |—  Factors Platelet Fibrnogen + 1A —EY
® protein € ) (el Wosion ACIDOSIS HYPOTHERMIA
J_ Heparan S I Metolsos
sulphate + Hypothermia
FactorVa  +Acidosis —=Piktion
Hypothermia 2antiplasmin
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Moore EE et al. Trauma-induced coagulopathy. Nat Rev Dis Primers. 2021 Apr 29;7(1)
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Thorsen K et al. 2011; British J of Surgery 98(7):894-907
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S3-Leitlinie Intravagale Voluménfﬂerapie bei Erwachsenen MF

> Der‘Vqurinersat'z beim Intensivpatienten sollte mit kristalloiden Lésungen erfolge

- -
» HES soll bei Intensivpatienten nicht verwendet werden.

»
» Wenn eine alute Hypoﬁn’in mit Kristalloiden nicht ausreichend therapiert werden kann,
konnen dariiber hinau atine und Humanalbumin zum Einsatz kommen.

- SUTDATED

Marx G etal. S3-Leitlinie Intravasale Volumentherapie bei Erwachsenen AWMEF-Registernummer 001 - 020
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Surviving Sepsis- u ' a5

ampal%n o
| L‘l‘he SurV1V1ng Sepsis C n Guidelines

-

recommend using crystalloids as first-line fluid for resuscitation. (strong recommendation, moderate c nce)

26:

ing at least 30 mL/kg of IV crystalloid in the first 3 h. (strong recommendation, mo ainty evidence)

ced!ystam)ids over 0.9% saline. (strong recommendation,'oderate certainty evidence)
-

al albumin for fluid resuscitatio!

. (conditional recommendation; moderate certainty evidence)

suscitation. (strong recommendation, high-certainty evidence)

rate certainty evidence)

scott HC, Surviving Sepsis Campaigi ternational guidelines for management of sepsis and septic shock 2026. Intensive Care Med. 2026 Mar 23.

®

SurvivingSepsis F
Campaign

.\\

}"rhe SurV1V1ng Sep81s C
- ,

recommend Umta”oids as first-ll'ne fluid for resuscitation. (strong recommendation, moderate ¢ nce)

gn Guidelines2026:

ing at least 30 mL/kg of IV crystalloid in the first 3 h. (strong recommendation, m ainty evidence)
ced | ysta‘ﬂoids over 0.9% salin.(.a_. (strong recommendation,‘oderate certainty evidence)
- -

al albumin for fluid resuscitation. (conditional recommendation; moderate certainty evidence)

suscitation. (strong recommendation, high-certainty evidence)

rate certainty evidence)

-

scott HC, Surviving Sepsis Campail ternational guidelines for management of sepsis and septic shock 2026. Intensive Care Med. 2026 Mar 23.
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Fact check (1)...

The New England Journal of Medicine

EARLY GOAL-DIRE

D THERAPY IN THE TREATMENT OF SEVERE SEPSIS
AND SEPTIC SHOCK
EmanueL Rvers, M.D., M.P.H., BRyant NGuven, M.D., Suzanne HavsTap, MLA., JULIE RESSLER, B.S.,

ALexanoria Muzzin, B.S., BernnarDp KnosuicH, M.D., Epwarp PeTerson, PH.D., AnD MicHaeL TomuanovicH, M.D.,
FOR THE EARLY GOAL-DIRECTED THERAPY COLLABORATIVE GROUP®

SIRS criteria and systolic
bl00d pressure =90 mm Hg
or Iactate =4 mmoViter

MAP > 65 mmHg
CVP > 8-10 mmHg
Urin > 0,5 ml/kg/h
Scv02 > 70%

Standard therapy in
‘emergency department
n=133)

Randomization
(n=263)

Vital signs, laboratory
data, cardiac monitoring,

pulse oximetry, urinary
catheterization, arterial and
central venous catheterization

Continuous
ScvO, monitoring
nd

Hct > 30%

CVP =8-12 mm Hg

MAP =65 mm Hg

Urine output
=05 mikg/r

Urine output
=05

a
‘early goal-directed
therapy for =6 hr

Sa0, 293%

Vital signs and laboratory
data obtained every
12hr for 72 hr

Hematocrit »30%

id not
mplete 6 hr
(n=14)

11
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The New England Journal of Medicine

EARLY GOAL-DIRECTED THERAPY IN THE TREATMENT OF SEVERE SEPSIS
AND SEPTIC SHOCK

EmANUEL Rvers, M.D., M.P.H., BayanT Nouven, M.D., Suzanne HavsTao, M.A., JULE RessLER, B.S.,
ALEXANDRIA Muzziv, B.S., BernHARD KnosLicH, M.D., EDwaRD PETERsoN, PH.D., AND MicHAEL TomuanovicH, M.D.,
FOR THE EARLY GoAL-DIRecTED THERAPY COLLABORATIVE GROUP®

16

14

12

10

m Standard
mEGDT

<6h 7-72h 0-72h
p<0.001 p=0.01 p=0.7

The New England Journal of Medicine

EARLY GOAL-DIRECTED THERAPY IN THE TREATMENT OF SEVERE SEPSIS
AND SEPTIC SHOCK

EmanuEL Rvers, M.D., M.P.H., Bavant Nouven, M.D., Suzanne HavsTao, MLA., JULE RessLer, B.S.,
ALexanoria Muzzin, B.S., BernnarDp KnosuicH, M.D., Epwarp PeTerson, PH.D., AnD MicHaeL TomuanovicH, M.D.,
FOR THE EARLY GOAL-DIRECTED THERAPY COLLABORATIVE GROUP®

CVP > 8-10 mmHg 22?2?77 /
Urin > 0,5 ml/kg/h ?????

Hct > 30% ??????

12
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ProMISe

k.
<

Patients

Primary
Outcome

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 MAY 1, 2014 VOL. 370 NO. 18

A Randomized Trial of Protocol-Based Care for Early Septic Shock

Protocol-based  Protocol-based
EGDT Standard Therapy ~ Usual Care
Qutcome (N=439) (N=446) (N=456) P Valuej

Death — no./total no. (%)
In-hospital death by 60 days: primary outcome 92/439 (21.0) 81/446 (18.2) 86/456 (18.9) 0.83%
Death by 90 days 129/405 (31.9)  128/415(30.8) 139/412 (33.7) 0.66

PROCESS Investigators; N Engl J Med 370;18:1683-1693

13
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| ORIGINAL ARTICLE

Goal-Directed Resuscitation for Patients
with Early Septic Shock

The ARISE Investigators and the ANZICS Clinical Trials Group

Table 2. Study Outcomes.
EGDT Usual Care Relative Risk Risk Difference
Variable (N=793) (N=798) (95% CI) (95% CI)* P Value
percentage points
Primary outcome: death by day 90 — no. total no. (%) 147/792 (18.6) 150/796 (18.3) 098 (080t0121)  -03(-4.1t036) 090
Secondary outcomes
Median duration of stay (IQR)
Emergency department — hr 14 (05-27) 20(1.0-33) <0.001
1CU — days 28 (1.4-5.1) 28 (15-5.7) 031
Hospital — days 8.2(49-16.7) 8.5 (4.9-16.5) 089
Use and duration of organ support}
Invasive mechanical ventilation — no. total no. (%) 238/793 (30.0) 251/798 (31.5) 095 (082t0111)  -14(-60t03.]) 052
Median duration of invasive mechanical ventilation (IQR) — he 622(235-1818) 655 (23.0-157.9) 028
Vasopressor support — no.ftotal no. (%) 605/793 (76.3) 525/798 (65.8) 116 (L09t0124) 105 (61t0149) <0.001
Median duration of vasopressor support (IQR) — hr 29.4 (12.9-61.0) 34.2 (14.0-67.0) 024
Renal-replacement therapy — no.ftotal no. (%) 106/793 (13.4) 108/798 (13.5) 099(07710127)  -02(-35t032) 094
Median duration of renal-replacement therapy (IQR) — hr§ 578 (25.3-175.0) 859 (29.3-1829) 0.40
Tentiary outcomes — no./total no. (36)
Death by day 28 117/792 (14.8) 127/797 (15.9) 093(0.7310117)  -12(-47t024) 053
Death by the time of discharge from ICU 79/725 (109) 85/661 (12.9) 085(06410113)  -20(-54t015) 028
Death by the time of discharge from hospitalq 115/793 (14.5) 125/797 (15.7) 092(07310117)  -12(-4.7t023) 053

ARISE Investigators; N Engl J Med 371,16:1496-1506

The NEW ENGLAND JOURNAL of MEDICINE

| ORIGINAL ARTICLE

Trial of Early, Goal-Directed Resuscitation
for Septic Shock

Paul R. Mouncey, M.Sc., Tiffany M. Osborn, M.D., G. Sarah Power, M.Sc.,

— Usual care
5
£
£ EGDT
a
5
£
E
[
Adjusted hazard ratio, 0.94 (0.79-1.11); P=0.46
P=0.63 by log-rank test
0.00¢ T T T T T 1
0 15 30 45 60 75 920
Days since Randomization
No. at Risk
EGDT 625 492 470 461 449 445 440
Usual care 626 487 469 464 443 445 439
Figure 2. Kaplan—Meier Survival Estimates.
Shown is the probability of survival for patients with severe sepsis receiving
early, goal-directed therapy (EGDT) and those receiving usual care at 90 days.

ProMISE Investigators; N Engl J Med 2015;372,14.1311-14

14



2001 Rivers Study = Mortality
47 > 31% (NNT = 6)

Sepsis Trilogy > Mortality
18.2 — 29.5%

interstitial II
intracellular III

28.04.2026
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Fluids and the Microcirculation

1

A.Hypovolemia: decrease in

convection flow and perfused

capillary density

il

B.Expectation of fluid resuscitation:

to increase convection flow and

recruit the perfused capillary

v

w

CFluid overload: an increased
diffusion distance caused by tissue

edema and hemodilution

Colloids and the Microcirculation, Huaiwu H, Can Ince. Anesth&Analg 2018; 126,5:1747-1754.
The intravascular volume effect of Ringer’s lactate is below 20%: a prospective study in humans. Jacob M et al. Crit Care 2012.
Exact Measurement of volume effect of 6% HES 130/0.4 during acute normovolemic hemodilution. Jacob M et al. Anaesthesist 2012.

Hydroxyethyl starch and modified fluid gelatin maintain plasma volume

in a porcine model of septic shock with capillary leakage

90
80
70
60
50
40
30
20
10

0

8% Gelatine

HES

4% Gelatine

Ringer Laktat

baseline

4h

8h

Marx G, et al. Intensive Care Med (2002) 28:629-635
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@ PLOS | one

Different effects of fluid loading with saline, gelatine, hydroxyethyl starch

or albumin solutions on acid-base status in the critically ill

NaC10.9% Gelatine 4% HES 6% Albumin 5%
n=28 n=28 n=29 n=30
Age, years 61(12) 61(13) 60 (13) 60 (8)
Sex, female 5 (18%) 3 (11%) 10 (34%) B (27%)
Weight, kg 78(12) 82 (13) 75(11) 79 (16)
Height, m 1.75 (0.08) 1.77 (0.07) 1.72 (0.09) 1.71 (0.20)
APACHE Il 10(5) 11 (5) 11(4) 11 (4)
Fluid infused, mL 1723 (209) 1509 (328) 1441 (295) 1553 (258)
Hb, mmal/L,
T=0 6.2(1.2) 5.7 (0.9) 57(1.1) 59(1.2)
T=90%"" 6.1(0.9) 5.0 (0.7 5.0 (0.8) 5.2 (0.9)"
Changein PV, %** 5 [18-24] 18 [-8-491* 21[-11-50P* 16 [2-611*
Values are mean (SD) or number (p ), whene approp . Abbreviations: PV, plasma volume; HES, hydroxyethyl starch.

* P<0.001 for decrease in whole group;
** P<0.001 between fluids;
A P<0.001 for change vs saline.

A. Spoelstrade Man et al. PLoS ONE 2017 12(4): e0174507

Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Effects of Fluid Resuscitation With Colloids vs Crystalloids
on Mortality in Critically Il Patients Presenting

With Hypovolemic Shock

The CRISTAL Randomized Trial

Diillali Annane, MD, PhD: Shidasp Siami, MD; Samir Jaber, MD, PhD; Claude Martin, MD, PhD: Souheil Elatrous, MD; Adrien Descorps Declére, MD;

Colloids Group Crystalloids Group
(n=1414) (n=1443)
Reason for ICU No.of  No.of No.of  No.of HR Favors ; Favors
Admission Patients Deaths Patients Deaths (95% CI) Colloids Crystalloids
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) E =
Trauma 85 13 92 12 1.19(0.54-2.60)
All patients 1414 359 1443 380 0.93 (0.80-1.10) -‘
T T
0.5 10
HR (95% ClI)
Colloids Crystalloids
(n=1414) (n=1443) RR (95% CI) PValue®

Death
Within 28 d 359 (25.4) 390 (27.0) 0.96 (0.88 to 1.04) 26
Within 90 d 434 (30.7) 493 (34.2) 0.92 (0.86 t0 0.99) 03

Annane D et al; JAMA 2013 Nov 6;310(17):1809-17

28.04.2026
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Crystalloids vs. colloids for fluid resuscitation in the Intensive

Care Unit: a systematic review and meta-analysis

A »
ALBUMIN
suy M . Caironi et al 106 3851
» dfference (99% 1) Weght Gondos et al 117 1.04
van der Heijden et al 1.50 (0. 0.18
s el geres ST
i eneman et al .59 (0. ¢
Indad sy s s Wn Yeneina ¢ S L
Trad fensqw) S s aw g sl e 5
nadow el e LA 20 Metildi t al — 077044,133) 153
soued = WEN0 0w Moss etal 243(0.11,5589) 005
Weaver et al —— 008(000,130) 006
ALBUNEN Lowe et al S ——— 0.68 (0.14, 3.24) 0.19
e = — ey &
= ckow et al e 500(026.96, y
. = e Hill et al —— 132(076,229) 151
% ] % “ » Subtotal 1.02(0.96,1.10)  100.00
et ——— s
somed <> s o GELATIN
Gondos et al 1.17 (0.60, 2.27) 71.94
A van der Heijden ct al ¢ 100025400 1651
L Wauetal —_— 169(032,885) 1154
B a1 mn
Tnladplmsos) — g imdmiswan Subtotal - 1.19(0.68,2.08) 100.00
s = L o e S ———= v e
- anEnan o T T T T T T T T
05 1 2 5 1 2 5 10 20
yyyyy T Tt 6 Favours Crystalloids Favours Colloids
I o s Fon il T Gy

Crystalloids were less efficient than colloids at stabilizing resuscitation endpoints;

~guidance on when to switch is urgently required”

Martin & Besset. Journal of Critical Care 50 (2019) 144-154

Surviving Sepsis

he Squ1ng Sep81s C n Guidelines2026:
-

- -

recommend using crystalloids as first-line fluid for resuscitation. (strong recommendation, moderate nce)
ing at least 30 mL/kg of IV crystalloid in the first 3 h. (strong recommendation, m ainty evidence)
ced crystalloids over 0.9% saline. (srong recommendation, moderate certainty evidence)
- e
al albummr fluid resuscitation. (conditional recommendation; moderate certainty evidence)

suscitation. (strong recommendation, high-certainty evidence)

rate certainty evidence)

-

cott HC, Surviving Sepsis Campait

ternational guidelines for management of sepsis and septic shock 2026. Intensive Care Med. 2026 Mar 2‘
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[

Leitlinien und Empfehlungen

Update 2025 der S3-Leitlinie: Z

»Sepsis — Pravention, Diagnose, ’01‘9 o -

Therapie und Nachsorge” /esQ,h - - ’
fas ist neu? 17

Was ist (2)7] 1994

== Caroline Neumann' - Daniel Ebert’- Michael Bucher’ - Michael Bauer
dans -~ 20

hesciogh urd eensmedizn, Unwerstatshinkum e, na. 0

DSG 2018: Wir schlagen var, dass von einer Verwendung von Albumin oder Gelatine bei der Behanditifig von

atienten mit sepfiSchem Schock abgesehen wird, sofern eine adaquate Flussigkeitstherapie mit Kristali®iden in der

age ist, die hamodynamische Stabilitat z0"eichen. Flrden Fall, dass dies nicht moglich sein sollteSehlagen wir

nerganzenden Einsatz von Albumin oder Gelatine vor (Empfehlungsgrad: schwach). "

G 2025 (NEU): Wir schlagen v ei Patienten mit Sepsis und septischem Schock Gelatine NICHT anzuwenden.
pfehlungsgrad: schwach).

2025 (Anderung): Wir schlagen vor, bei Patienten mit Sepsis oder septischem Schock Albumin additiv zu
cierten Kristal\o' reichen, wenn groRe Mengen an Flissigkeit bendtigt werden, um eine
a

6dynan~ u erreichen.® (Empfehlungsgrad: schwach).

Brunkhorst FM, et al. S3-Leitlinie Sepsis — Prévention, Diagnose, Therapie und Nachsorge — Update 2025.
Med Klin Intensivmed Notfmed. 2025 Aug 18.

Fact check (2)...

19
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Was ist Albumin - Metabolismus

Neuroendokrines
System Interstitiell (60%) —> Katabolismus
180 g 9-13g/d HWZ19d
(101 x 18g/1)

+v Degradation durch
Intravaskulir (40%) Muskel/Haut 50%
Leber > 140 g (31 x 40g/1) Leber 15%
- 9-Bgd 60% der Gesamtproteine, 80% des KOD GI Trakt 10%
Nieren 10%
l Andere 15%

Transkapillir 7 g/h

KOD, AS-Mangel, Acute Phase

... hach Gattinoni et al. Albumin administration: volume replacement or pharmacological treatment? Minerva Anestesiol 2005

Was kann Albumin ...?

¢ Bindung und Transport (toxischer) endogener und exogener Verbindungen

» Radikalfanger / NO Modulation (Thiolgruppe)

* Antiinflammatorische Aktivitat / Inhibition von Apoptose

Drug site 3

[
Drug site 2 l\ (Af{’ b
, ““Multi-metal Drug site 1
Sudiow's sito L2 }ng, " binding Sudiow's site 1

ddQ)  ste

0

@Y o

NH,

Thiolgruppe (R-SH) = ROS - Disulfidbriicke R-SS-R*
-> Thionitrit R-SN=0= reversibel mittels NADP/NADPH
- Sulfonsdure R-SO, —OH = irreversibel

ROS: Hydroxyl Radikal

Superoxid Radikal
Wasserstoffperoxid

20
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Antiinflammatorische, antioxidative und NO Modulierende Wirkung des Albumins
—> CAVE: Reduziertes Antioxidatives Potential von handelsfertigen Albumin

pg/ml Cytokine
0 500 1000 1500 2000 2500 3000 3500 4000

TRIPS
TRIPS + APC
+ Antiigen
+ DA-DKP 500uM
TRIPS + anti-CD3/28
+ DA-DKP 500uM 31% Decrease*
TRIPS
TRIPS + APC
+ Antiigen
+ DA-DKP 500uM
TRIPS + anti-CD3/28 IFN
+ DA-DKP 500uM
TRIPS
TRIPS + APC I L_8
+ DA-DKP 500uM
+ Cyclosporine

0 500 1000 1500 2000 2500 3000 3500 3000 4500 4000

Bar-Or D et al. Heterogeneity and oxidation status of commercial human albumin preparations in clinical use. Crit Care Med. 2005

Was kann Albumin ...?2

¢ Bindung und Transport (toxischer) endogener und exogener Verbindungen
» Radikalfanger / NO Modulation (Thiolgruppe)
* Antiinflammatorische Aktivitat / Inhibition von Apoptose

* Aufrechterhaltung des KOD und der Kapillarpermeabilitat

A " niedriger KOD

Niedriger

Endothelzelle.

Iy
E Endothelzelle

Glykokalyx
T e e T a0 €'§_
A ] hoher0D

v v | niedriger koD
Interstitieller Raurn Interstitieller Raum hoher KOD

a b

Chappell D. et al. Expedition Glykokalyx: Ein neu entdecktes ,,Great Barrier Reef”. Der Andsthesist. 2008
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A comparison of albumin and saline for tluid
resuscitation in the intensive care unit

10
- i Albumin saline
— i Patients Group Group Relative Risk (95% Cl)
0.9+ — no. of deaths /total no.
3 = Overall 726/3473 729/3460 099 (0.91-1.09)
& os Tauma
.E _=‘=-:-u._,‘_=%_‘_ Yes 81/596 59/590 . 1.36 (0.99-1.86)
2 o Ne 6412831 666/2830 096 (0.88-1.06)
2 o7 /
£ Severe sepsis
Yes 185/603 e 0.87 (0.74-1.02)
L No 518/2734 - 1.05 (0.94-1.17)
o . : : : : - , ARD:
< & & B 20 2i & Yes 24/61 28/66 — 0.93 (0.61-1.41)
D \
s No 697/3365 697/3354 - 1.00 (0.91-1.09)
_
Figure 1. Kaplan-Mei i of the Probability of Survival 05 10 0
P=0.96 for the comparisen between patients assigned to receive albumin and Albumin Saline
those assigned to receive saline. Better Better

In ICU patients, the use of 4 % albumin or normal saline for fluid resuscitation

results in similar outcomes at 28 days.

Finfer S, et al. A comparison of albumin and saline for fluid resuscitation in the intensive care unit. N Engl J Med. 2004 May 27;350(22):2247-56. doi:

10.1056/NEJM0a040232. PMID: 15163774.

The EARSS Study:

* Prospective randomized controlled double blinded multicentric study including
792 patients with septic shock
* 100ml 3x20% Albumin vs. saline in the ICU for 3 days

- No effect on kidney function
- No difference in mortality

+ Less catecholamines in the Albumin group (p < 0,05)

EARSS Study Group: Efficacy and tolerance of hyperoncotic albumin administration in septicshock patients: the EARSS study.
Intensive Care Med 2011, 37(Suppl 2):5115-0438
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SAFE-Studie (BM) 2006) — Subgruppenanalyse Albumin — BMJ

Einfluss des Serumalbumins auf das Outcome bei Volumentherapie mit:

Albumin vs. NaCl (Saline) -
g

Albumin NacCl

Mortalitat
Albumin Saline QOdds Ratio (95% Cl) Odds Ratio (95% Cl)

Gesamtpopulation 644/3012  655/3028 OR: 0.99 (0.87-1.11) 0.99 (0,87-1,11)

Albumin < 25 g/L 291/1228  321/1223 0.87 (0,73-1,05)

Albumin > 25 g/L 353/1784  334/1805

1,09 (0,92-1,28)
> Kein Vorteil / evtl.

Kein Unterschied

— Trend zugunsten Albumin 0.5 09 1.0 1 12 1.6 neutral bis leicht negativ
Heterogenitit: P=0,08 Bevorzugung N Bevorzugung >
Albumin NacCl

SAFE Study Investigators; BM)J. 2006; 333:7577-1044

Albios Study:
Albumin Replacement in Severe Sepsis or Septic Shock

5000 &= Abumin
£ Crystalloids
40004
E
= + 3000
g ; 1 § %0
. 3 os E
E £ 2 10004
£ rystalloi 3
5 % - Crystalloids 2
€
; | S z
16 1000
it ~&— Albumin 034
p<0.001 o Crystalloids ~20004
)r ' ' ' , : dainic P<0.001
0 4 3 2 16 20 24 28 r T T T T T T T
o0 0 10 2 3 4 0 6 72 30 % I H ] 1 1 . 1
Y Oy Days since Randomization Stud
No. at Risk No. at Risk y Day
Albumin 821 67 483 N5 19 198 48 107 Abumin 903 733 647 597 567 56 45 S35 529 s No. at Risk

Coysalloids 813 663 464 303 27 1% 10 104 Cosullods %07 79 652 9% %6 SSI S8 s Sl s Abumin W T M R B8 RSB
Crystalloids 844 795 75 685 635 587 529

Serum albumin kept to a level of 30 g/L (n = 1.810 patients):
- No effect on outcome
+ Time to suspension of vasopressor: 3d (Albumin) vs 4 d (Crystalloid)

+ Lower net fluid balance (Albumin group)
Caironi P et al; ALBIOS Study Investigators. Albumin replacement in patients with severe sepsis or septic shock.
N Engl J Med. 2014 Apr 10;370(15):1412-21.
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Early use of albumin may increase the risk of sepsis-associated acute kidney injury in
sepsis patients: a target trial emulation

ICU admission records in MIMIC-IV v3.1

v

Number of 33,461 included patients

v

27,088 patients finally include

After clone
v v

Albumin group

No albumin group
) (n=27,088

(n=27,088)

28.04.2026

100:
- No albumin group
g 100 :za\bfnmmgmup & Alburvin group
i grou
S g S 2
Included: 2 804 3
Patients diagnosed with sepsis g 2
Patients over 18 years of age = 704 o
First ICU admission ¢ 5 %
ICU length of stay > 24 h 5 604 -
2 504 £
] e
H 404 H
3 304 7
o
Excluded g 20 ~ g
AKI occurs earlier than sepsis (n=5610) <04
Use of albumin before sepsis (n=74) 3
Incomplete or incorrect time records (n=689) —T—T—T— — T T T T — T
0 24 48 72 9% 120 144 168 0 24 48 72 9% 120 144 168
Time (h) Time (h)
Number at risk Mumber at risk
Sensitivity analysis
v
Exclude patients received RRT:
Patients for primary analysis (n=26,737)
Patients for secondary analysis (n=25,083) 0 22 48 T2 % 120 144 168 0 24 48 72 % 120 144 168
Time (h) Time ()

|:> significantly higher SA-AKI risk (relative difference = 3.47%, 95% CI 1.76-5.23)

Li XY, et al. Early use of albumin may increase the risk of sepsis-associated acute kidney injury in sepsis patients: a target trial emulation.
Mil Med Res. 2025 Aug 21,12(1):51. PMC12369241.

Comparative effectiveness of albumin versus no albumin on renal replacement
therapy and mortality in patients with septic shock and renal impairment

Subgroup OR (95% CI) P value
Age 7 855
285y N 1.18(1.03-1.35) Outcomes No albumin Albumin OR / Coefficient (95% Cl) P value
<85y f—— 1.25 (1.06-1.47) n=7980 n =2020
Sex ¥ 558 Primary
Female —e—— 128(110-149) RRT or death —n (%) 2694 (338) | 803(39.7) 1.29 (114 - 1.47)1 <0.001
Male . 1.15(1.00-1.32) Secondary
L s - T 3001 RRT —n (%) 154 (1.9) 90 (4.5) 237 (1.77-3.18) <0.001
e - 1.44(1.25-1.66) Death - n (%) 2605 (32.6) | 747(37.0) 1.21 (1.07-137)t 0.003
BMI .006 MAKE - n (%) 3283 (41.1) 961 (47.6) 1.30 (1.15-1.47)¢ <0.001
2 30 kg/m? —a——— 1.36(1.14-151) Stage 3 AKI—n (%) 1965 (24.6) 584 (28.9) 1.25 (1.09 - 1.42)¢ 0.001
- <|3° Kg/me R 1114 07.00:1.28) - Maximum SCR [mg/dL] — median (IQR) | 2.3(1.7-33) | 2.4(1.7-3.2) | 0.18(-0.20-0.57)¢ 0.347
imin { = = 7
e - T SCRincrease [mg/dL] ~ median (1QR) | 1.1(06-20) [11(07-20) [0.22(-0.16-0.60)¢ 0.263
<35g/dL e 1.21 (1.08-1.34) Duration of IMV [days] — median (IQR) | 0(0-3) 1(0-4) 1.17 (0.87 - 1.48) <0.001
Renal disease <.001 Hospital LOS [days] — median (IQR) 6(2-11) 73-13) 1.92 (1.41-2.42)* <0.001
Yes —e——  1.38(1.15-1.64) RRT = renal replacement therapy; MAKE = major adverse kidney event (decrease in eGFR >25% or CRRT [or
No e 1.13 (1.00-1.28) other dialysis] or death); SCR = serum creatinine; AKI = acute kidney injury (Kidney Disease: Improving Global
AmageD L Outcomes definition); IMV = invasive mechanical ventilation; LOS = length of stay; fodds ratio; coefficient.
Yes — e 1.45(1.14-1.84)
No —— 1.16 (1.04-1.31)
€GFR 234 9 9 g 4 4 4
— P Albumin was associated with an increased risk of RRT or in-
T = ARRIAR, hospital mortality, which was most associated with hyperoncotic
imin type 033
5% e i, 1.07 (0.84-1.37) () [ - I i
. L Zatd] (25%) rather than iso-oncotic albumin.
=

-
0.5 1 15

Favors albumin Favors no albumin

Patanwala AE, et al. Comparative Effectiveness of Albumin vs No Albumin on Renal Replacement Therapy and Mortality in Patients With Septic
Shock and Renal Impairment. Chest. 2025 Apr;167(4):1090-1098.
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FRISC-Studie (2021): 5% Humanalbumin vs. NaCl

Flussigkekitsresuscitation bei Sepsis-bedingter Hypotonie unter Zirrhose

® 3B

Uberlebensfunktionen (Kaplan-Meier) Kernergebnisse
E Design io
T2  Randomisierte " ’ I:Iiihere
kontrollierte Studie 2 - ..I Uberlebensrate
o 08
E ® 435%vs. 31,1%
. =
Fopisstion B o p=002 Uberlebt: 43,5% Léngeres
Patient:innen mit 8 @ Obereben: 3.2 Ta @ 5
: 3,2 Tage
Zirrhose + Sepsis + 8 0.4 Uberleben
Hypotonie E Saline e 3,2 Tage vs. 1,06 Tage
g = —
: g 0.8-| Uberlebt: 31,1% Statistisch
Intervention £ ; ! / S
) @ Uberleben: 1,06 Tage signifikant
5% Albumin e} =
0.0 T T T T T T T T e p=0,02
NaCl (Saline) Day0 Day1l Day2 Day3 Day4 Day5 Day6 Day7
Endounke et Albumin verbessert das
ndpun . .
P Albumin 154 149 161 132 123 101 84 67 154 7-Tage-Uberleben signifikant

(3]

Uberleben (7 Tage) bei Sepsis & Zirrhose.

Saline 95 94 13 85 76 68 64 59 95

Philips CA, et al. Hepatol Int. 2021 Aug; 15(4):983-994.

Albumin versus saline infusion for sepsis-related peripheral tissue hypoperfusion:
a proof-of-concept prospective study

Abnormal fingertip CRT C Urinary output HO-H4 D Arterial lactate Proof-Of-Concept-Studie
0.08 13 . (2024)
100 — _— Sl 0.03
P=0.02 34 . 50 Patient:innen
o 21 NaCl, 29 Albumin)
o
50+ E
E = SOFA-Score: 8 (5-11)
FJ SAPS I: 53 (45-70)
P SAINE ALBU SALINEALBU SAUNE  ALBU " Ho Ha  Ho w4 =0.02
SALINE ALBU ’
HO H1 Schnellere Normalisierung
mit Albumin
schnellere erhohte bessere
Reperfusion Harnmengen Laktatclearance

Gabarre P, et al. Albumin versus saline infusion for sepsis-related peripheral tissue hypoperfusion: a proof-of-concept prospective study.
Crit Care. 2024 Feb 7;28(1):43.
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Intervention With Concentrated Albumin for Undifferentiated Sepsis in the Emergency
Department (ICARUS-ED): A Pilot Randomized Controlled Trial

20
* > Standard care
*> Albumin
a4 L
- °
> s [ ]
-] & P ———it 5 ‘
—— e < -  iwd
4 — = E =
) -— - e E
TR 2
E El
4 ]
o~ a
°
3
8
3
B 2 10
@
T T T T T T T T °
o2 1224 249 9648 4860 6072 7284 6496 00108 100420 % 3 o
Hours after presentation
Complete: 463 205 166 261 136 226 1o 210 108 181 L
Imputed: 0 198 207 202 27 238 a6 263 67 282 °
50| °
Standard Care Albumin ‘Standard Care Albumin

220 212 w222

24 hours
Study group

SBP higher at 6 hours, less total fluid at 72 hours, fewer patients required vasopressor at 24 and 72 hour

28.04.2026

Williams JM, et al. Intervention With Concentrated Albumin for Undifferentiated Sepsis in the Emergency Department (ICARUS-ED): A Pilot Randomized

Controlled Trial. Ann Emerg Med. 2025 Jul;86(1):59-69.

Randomized controlled multicentre study of albumin
replacement thera PY in Septic shock (ARISS): protocol for a randomized controlled trial

Septic shack
(onset < 24 h)

Septic shock
(onset < 24 h)

Randomisation

Albumin group Control group without albumin

SAPSI and SOFA-

Sakr Y, et al. and SepNet - Critical Care Trials Group. Randomized controlled multicentre study of albumin replacement therapy in septic shock
(ARISS): protocol for a randomized controlled trial. Trials. 2020 Dec 7;21(1):1002.
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Sepsis:
an inadequate response of the immune system to an infection

WE

& Yes, Albumin has:
anti-inflammatory, antioxidant, and NO-modulating effects.

But commercial Albumin:
Reduced antioxidant potential of commercially prepared albumin

Bar-Or D et al. Heterogeneity and oxidation status of commercial human albumin preparations in clinical use. Crit Care Med. 2005

What can Albumin do... and what can it (absolutely) not do?

Yes, it can:

WE . . . . . .
7 {g 7 +improve micro- and macocirculation, less catecholamines and less fluid overload.

A

+ Keep your endothelial surface layer (ESL) happy and tight — even at levels down to 1 g/dL.
Protect the ESL by avoiding intravascular overfilling and calming inflammation.

(+) anti-inflammatory, antioxidant, and NO-modulating effects, but reduced antioxidant potential of
commercially prepared albumin.

No, it definitely can’t:

® - Improve survival in septic shock
- Create a strong intravascular oncotic “pull.” (Starling 1.0 is dead — albumin is a barrier-buddy, not a
vacuum pump.)

Maybe:
+/- Effect on kidney function especially in pre-existing disease unclear.

717,

Jacob M et al. Reappraising Starling: the physiology of the microcirculation. Curr Opin Crit Care. 2013
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FAZIT FUR ALBUMIN IN DER SEPSIS

¢ Albumin: nephrotoxizitdt nicht vollstdndig ausgeschlossen.
¢ Albumin zur HDS tendenziell besser als Kristalloide alleine - Albumin vs. Gelatine?

* Als Basiskolloid zum Fliissigkeitsersatz derzeit nicht zu empfehlen (teuer, lange HWZ, Akkumulation,
Benefit?) — preiswertere Alternative.

* Abgesehen von kolloid-onkontischen Eigenschaften aber andere Effekte méglicherweise
vorteilhaft (NO Modulation, Antioxidant, Antiinflammatorisch, Anti-Immunosuppressive,
Medikamenten-Nephrotoxizitat).

* Exogen zugefiihrtes Albumin z endogenes Albumin

* Bei starker Hypoalbumindmie (<1-2g/dl) in jedem Fall Ersatz sinnvoll

=
vormals Der Ansesthesist -

Leitlinien und Empfehlungen '
Update 2025 der S3-Leitlinie:

»Sepsis — Pravention, Diagnose, 2"01‘@ o/
Therapie und Nachsorge” /f’sQ,h
(%

Was ist neu?

Carlin Neuman Dl bt Mchl Bucher Michae Bver l - 'I~9.94
e e T — 2076

- i 'p?.:’ﬁp

DSG 2018: Wir schlagen vor, dass von einer Verwendung von Albumin oder Gelatine bei der Behand von

atienten mit sepﬁchem Schock abgesehen wird, sofern eine addquate Flussigkeitstherapie mit Kris iden in der
ge ist, die hamodynamische Stabilitit zu efreichen. Fiir den Fall, dass dies nicht moglich sein sollt lagen wir
n erganzenden Einsatz von Albumin oder Gelatine vor (Empfehlungsgrad: schwach).

2025 (NEU): Wir schlagen v‘ei !lenten mit Sepsis und septischem Schock Gelatine NICHT anzuwenden.
fehlungsgrad: schwach).

2025 (A dg,r.u.ng): Wir schlagen vor, bei Patienten mit Sepsis oder septischem Schock Albumin additiv zu
llo reichen, wenn grofe Mengen an Flussigkeit bendtigt werden, um eine
feichen.! (Empfehlungsgrad: schwach).
I

\
\

Brunkhorst FM, et al. S3-Leitlinie Sepsis — Préivention, Diagnose, Therapie und Nachsorge — Update 2025.
Med Klin Intensivmed Notfmed. 2025 Aug 18.
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Surviving Sepsis -8 =
Campaign e
. -
The Surviving Sepsis Campaign Guidelines 2026:

-
suggest against using gelatin for resuscitation. (weak recommendation, moderate certainty evidence)

A

erg B, et al; Fluids in Sepsis and Septic Shock Group: Fluid resuscitation in sepsis: A systematic review and network meta-analysis. Ann Intern Med
161:347-355.

erlassliche Aussage zur Sicherheit oder Uberlegenheituon Gelatine.

D, et al; CRISTAL Investigators: Effects of fluid resuscitation with colloids vs crystalloids on mortality in critically ill patients. Critical Care Medicine
0:1809-1817

Vorteile fiir Kolloide per se. *

- Rochwerg B et al; FISSH Group (Fluids in Sepsis and Septic Shock): Fluid type and the use of renal replacement therapy in sepsis:
A systematic review and network meta-analysis. Intensive Care Med 2015; 41:1561-1571
Keine Aussage bzgl. Gelatine moglich

Moeller G, et al; How &&ti' !systematic review and meta-analysis of gelatin-containing plasma expanders vs crystalloids and albumin.

J Crit Care 2016; 35:75-83.
Kein signifikanter Unterschied zu Kristalloiden und Albumin.

rescott HC, Surviving Sepsis Campaign: international guidelines for management of sepsis and septic shock 2026. Intensive Care Med. 2026 Mar 23.

Apollo 11 (20. Juli 1969) : % Artemis lll (geplant 2026)

Neil Armstrong & Buzz Aldrin 7 Y Erste Frau & erste Person of Color auf dem Mond
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Succinylated gelatin vs. urea-cross linked gelatin

Characteristics Gelofusine Gelofusin Haemaccel
Iso/Gelaspan

Type of gelatin

Gelatin
concentration

Osmolarity [mOsm/l]

Mean Mw

Volume Effect

Na* [mmol/l]
CI-[mmol/l]
K* [mmol/l]
Ca?* [mmol/l]
Mg?* [mmol/l]

Schlechter Volumeneffekt Acetate Immoll
Jakob Creutzfeldt Disease
Hohe Anaphylaxierate
Nephrotoxisch

Stretched molecule, Globular molecule,
strong negative charge little negative charge
o0— o—
Membrane
_____ O B
| O_< «I»Pore size «l:
.......... - 3
O_
O_

Succinylated gelatin Urea-cross linked gelatin

» Elimination through kidneys is slower

> Duration of volume effect prolonged

Webb AR et al. Intensive Care Med 15 (1989) 116-120
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Trauma Sepsis
100
[~ SAPSII_EURO_pred_mort
20 /ACI_obeser_mort
J’,.

80 S /
g
= E“E'
g :
$ £
5 40 2
=]
T
& 1.2

20

109 =
0 TII I3 dddaaiaddddi
SAPSIII_Europ
0 10 20 30 40 50 60 70 B0 “e. DGU Europe
Injury Severity Score (ISS) "k, Innsbruck (ICU patients only)
retrospective cohort study of 220 adult Sepsis mortality of gelatin treated ICU

trauma patients treated in the ICU at patients (n=1.259) in Innsbruck. Bei einer
Innsbruck University Hospital. Prehospital zu erwartenden Mortalitdt von 50%
phase, emergency room, operating room, (zentraleuropaisch korrigierter SAPS3)

and ICU days 1-7 were analyzed. Mortalitat von 22%.

Creatinine clearance (ml.min™)

ICU mortality

28.04.2026

Hazard ratio for 28—day mortality in patients with sepsis
VISEPHES -
VISEP Ringer -

65 HES

ProMiSe .

Hazard ratio far 90-day martality in patients with sepsis
VISEF HES

VISEP Ringer -

6SHES

6 Rimger

CRISTAL Collosds -

CRISTAL Ceystallcids .

FROCESS L

ProMIse L]

ICU mortality of gelatin treated ICU
patients (n=1.600) in Innsbruck compared
to mortality from other RCTs.

Efficacy and Safety of a Balanced Gelatine Solution for Fluid Resuscitation in
Sepsis: A Prospective, Randomised, Controlled, Double-Blind Trial - GENIUS Trial

Vet

© GesinGrop + Cryabed Greup

v HDS mit Gelofusin effektiver bei chirugischen septischen Patient:Innen 4,7h (Gelofusin) vs 5,8h (Kristalloid)

v Weniger fluid overload in der Gelofusingruppe
v CrCl 76,5 mL/min (Gelofusin) vs 70,8 mL/min (Kristalloid)

v Keine anaphylaktische Reaktion

Marx G, et al. Efficacy and Safety of a Balanced Gelatine Solution for Fluid Resuscitation in Sepsis: A Prospective, Randomised, Controlled, Double-

Blind Trial-GENIUS Trial. J Clin Med. 2025 Jul 28;14(15):5323.
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Safety and efficacy of 6% hydroxyethyl starch in patients undergoing

28.04.2026

major surgery: The randomised controlled PHOENICS trial

Serum Creatinine (mg dI") over time
(Safety Analysis Set)

Mean + SD
5

respectively.

POD 90 -

Cystatin-C based eGFR (ml min~' 1.73 m~?) over time

(b) (Safety Analysis Set)

Mean £ SD
8

POD 90 -k

of 4.8 2.6 of fluids, and patients assigned
to the crystalloid-only group received 5.1 2.7,

In a post hoc analysis, the proportion of patients who
required vasoactive/inotropic drugs was significantly
lower in the HES group compared to the crystalloid-only
group (26 vs. 35%, P < 0.0001).

Buhre W, et al. Safety and efficacy of 6% hydroxyethyl starch in patients undergoing major surgery: The randomised controlled PHOENICS trial.

Saline

Balancierte Kristalloide

Albumin .
HES .
Gelatine .

Eur J Anaesthesiol. 2025 Oct 23

CON

Azidose

Schlechter Volumeneffekt

Schlechter Volumeneffekt

Lange Verweildauer Interstitium
Niereneffekt unklar

Preis

Nierenfunktion
Kumulation Gewebe und RES

Gerinnungsstérungen

Fibrinpolymerationsstérung

(Anaphylaxie)

PRO

Keine Azidose im Vgl. zu Saline

»S0g. balancierte” E-lyte

Guter Volumeneffekt
Mikrozirkulation

Endotheleffekt

Guter Volumeneffekt

Keine Akkumulation/Speicherung

Guter Volumeneffekt
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Weight gain
fluid balance

Correct
baseline
weight?

4

Hemodynamic stabilization
Sepsis controlled

Fluids +

Fluids +++

Fluids ++ /

-Reduction of ‘fluid overload”
-Organ recovery

Fluids ----

O

S E e Correct

Shock therapy
Fluids +++

final weight?

Stabilization / Recovery
Fluids ----

Hours Days
I

Up to weeks

Shock therapy —— Stabilization / Recovery
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