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“Everything you
always wanted to know
about hemodilution

i< But were afraid to ask”
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Acute Normovolemic Hemodilution

Changes of Central Hemodynamics and Microcirculatory Flow
in Skeletal Muscle*

K. MessMmEer, D, H, LEwis, L. SUNDER-PLASSMANN, W. P. KLOVEKORN,
N. MenprLer and K. HOLPER

Institute for Surgical Research, Surgical University Clinic, Munich,
and Department of Surgery I, University of Gothenburg, Gothenburg

Abstract. Isovolemic hemodilution down to  Key Words
hematocrit values of 10% has been performed  Oxygen transport capacity
in splencctomized dogs during pentobarbital — Oncotic properties of dextran-60
anaesthesia, Circulatory changes were followed  In vivo viscosity
in the systemic circulation; for the estimation Capillary transport
of capillary flow and capillary transport in  5!Cr-EDTA clearance
skeleteal muscle a double isotope technic has  Limited hemodilution
been applied. Progressive hemodilution resulted
in a significant increase of cardiac output and skeletal muscle flow; peripheral
resistance decreased clearly parallel with the whole blood viscosity as measured at
different shear rates. The transport capacity (PS) in skeletal muscle was not signi-
ficantly changed. From this finding and from the lack of changes in the local
effluent blood it is concluded that hypoxia does not occur when limited hemo-
dilution is performed normovolemically. These data, therefore, add further support
to the concept of limited hemodilution as a therapeutic tool in microcirculatory
disorders.

The interest in the relationship of hematocrit and blood viscosity in
vivo has been greatly stimulated by viscometric findings of recent years.
By different groups it has been demonstrated that acute changes in he-
matocrit are followed by an increase in cardiac output [19, 21, 24]

! Paper presented at the 6th Congres of the European Society for Experimental
Surgery, Hilsingborg, April 1971.
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...removing
blood from a
patient and
storing with
anticoagulants...

...and after a

sufficient amount &
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of surgical blood

...re-transfusing
the stored whole
blood.

...replacing
volume deficit
to achieve
euvolemia...

Wanderer,AnesthAnalg 2017




Acute Normovolemic JX¥U e
; . Bt VEROTTAT LINE Klinikum
Hemodilution

TN T
1 N
-
"
i
~
>

Hctstays the
same!

1
| Blood |




Acute Normovolemic

Hemodilution

Fluids

EN

1
| Blood |

>

< Kepler
Universitats
Klinikum



Acute Normovolemic JXU e

Hemodilution e R
D . >
Q [ FI u |d S ] Q

EN

>

2.package

blont ) 3 packaoe

B oo




Acute Normovolemic JXU e
Hemodilution T

C O . O
P [ Fluids ] S

EN

>

2. package retransfusion

blont ) 3 packaoe

B oo




Which solution should be used? JXU e

JOHANNES KEPLER UniverSitétS
UNIVERSITAT LINZ Klinikum
Exchange volume Urine output
40~ 0.03+ =
= E 0.024 1 3 Control
g © - 1 Balanced HES
= = Balanced Crystalloid
= E 001 B NaCl 0.9%
0.00+

Tissueedema

B Control

[ Balanced HES
Balanced crystalloid
B NaCl 0.9%

Wet to Dry weight ratio

Ergin J ClinfransIRes, 2020
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no
ANH
Hkt 45 %
Hb 15 g/dl
bleeding 1000 ml

lossof hemoglobin 1509

PRBCs E
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no moderate
ANH ANH
Hkt 45 % 21 %
Hb 15 g/dl 7 g/dl
bleeding 1000 ml 1000 ml
lossof hemoglobin 1509 709
e ERL
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no moderate extreme
ANH ANH ANH
Hkt 45 % 21 % 9 %
Hb 15 g/dl 7 g/dl 3 g/dl
bleeding 1000 mlI 1000 ml 1000 ml
lossof hemoglobin 1509 709 309
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Table 3. Adjusted Postoperative Outcomes by Use and Volume of Acute Normovolemic Hemodilution (ANH)

ANH Volume

Variables No ANH ANH <400 mL  400-799 mL  >800 mL  p Value®  p Value®
Observations 11,197 2,337 308 958 1,071
Reoperation for bleeding (%) 2.3% 1.9% 2.5% 2.0% 1.0% 0.30 0.09
Stroke (%) 1.8% 1.3% 1.8% 1.4% 1.0% 0.22 0.14
Acute kidney injury (%) 28.2% 24.1% 28.3% 25.6% 20.9% <0.001 <0.001
Renal failure (%) 2.9% 1.3% 2.8% 1.4% 1.1% <0.001 <0.001
Intraaortic balloon pump (%) 8.2% 4.9% 7.5% 5.3% 3.3% <0.001 <0.001
Red blood cells (%)

None 59.7% 66.5% 66.1% 63.1% 70.7% <0.001 <0.001

Intraoperative only 8.5% 7.7% 3.5% 9.4% 7.1% 0.78 0.81

Postoperative only 21.9% 16.1% 25.9% 18.7% 6.6% <0.001 <0.001

Intraoperative + postoperative 10.4% 4.9% 5.9% 6.6% 2.7% <0.001 <0.001
Plasma (%) 8.5% 4.9% 7.3% 5.8% 3.3% <0.001 <0.001
Platelets (%) 8.5% 5.2% 7.8% 6.1% 3.4% <0.001 <0.001
Prolonged length of stay (%) 15.9% 12.4% 18.2% 13.0% 10.5% <0.001 <0.001
30-day mortality 2.8% 1.5% 2.0% 0.01% 2.0% <0.001 0.01
Readmission (%) 12.1% 11.4% 9.5% 12.5% 10.5% 0.61 0.66

? For the comparison of ANH use.  ° For the comparison across ANH volume categories.

Goldberg, AnThoracSurg 2015
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Mathematical and computer modeling of
acute normovolemic hemodilution
M.E. BRECHER AND M. ROSENFELD
Background: Advocates of acute normovolemic hemodilution (ANH) frequently
neglect to consider the decreasing hematocrit of the patient during both hemodilution
and the subsequent operative procedure and the need to begin transfusion at some
minimal hematocrit.
d: Aot 8 Sharal & Do e aeadlestae wb dan antinmee af AN
Table 1. Units of RBCs saved in typical examples of ANH* and the number of units of blood collected during ANH
Number of units saved
: Minimum Hct 0.25t ini
er of ANH EBV (mL) Mmmé%T/ mtgﬂ ot
1000 1500 2000 2250 2500 1000 1500 2000 2250 2500
0.14 0.20 0.25 0.25 0.24 0.14 0.20 0.25 0.27 0.30
0.26 0.38 0.43 0.42 0.40 0.26 0.38 0.48 0.53 0.57
0.38 0.50 0.53 0.52 0.50 0.38 0.54 0.69 0.75 0.82
0.45 0.55 0.58 0.56 0.54 0.48 0.69 0.88 0.96 1.03
0.45 0.55 0.57 0.56 0.54 0.58 0.83 1.04 6 7% 6 1.7

Breche"r'Tranéf

Mated EBV, 5000
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may apply to the use of ANH.
predicts, there is little advantage to the use of ANH, we 4
must seriously question whether we are unnecessarily‘;
placing patients at risk by decreasing their Hct in the 2
period immediately before operation and by allowing =

further lowering of Het during the surgical procedure. =
in A€ tha Aaneancina Het in 2N

usion, 1994

mL'; pre-ANH Hct, 0.40, for various EBLs.

If. as our modeling ::
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