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HEMODILUCION NORMOVOLEMICA
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TRANSFUSION DE HEMODERIVADOS

e En EEUU anualmente:

- 14 millones de concentrados de hematies
— 10 millones de unidades de plaquetas
— 4 millones de unidades de plasma fresco

e Anestesia: 40% de las transfusiones
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TRANSFUSION DE HEMODERIVADOS:
RIESGOS INFECCIOSOS

Estimates of The Rate (Per Donor Exposure)

of Transfusion-Transmitted Infectious Disease in North America

DISEASE RATE
 Hepatitis B (HBV) 1/269,000
*Hepatitis C (HCV) 1/1,600,000
sHuman immunodeficiency virus (HIV) 1/1,780,000
sHuman T-cell lymphotrophic virus (HTLV) 1/2,900,000

*West Nile Virus (WNV)

» Cytomegalovirus (CMV)—Nonleukoreduced random donor
sLeukoreduced random donor
*CMV seronegative donor

» Epstein-Barr virus (EBV)

*Chagas’; malaria; other parasites

Bacterial sepsis

* Platelets (apheresis, culture tested)

*Platelets (whole-blood derived, surrogate tested)

*Platelets (untested)

Indeterminate/very low
7%

2—-4%

1-2%

0-5%

< 1/1,000,000

1/50,000
1/33,000
1/2,500-13,400
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TRANSFUSION DE HEMODERIVADOS:
RIESGOS NO INFECCIOSOS

The Noninfectious Adverse Reactions Associated with Blood Product Administration, in the Approximate Order of Their
Average Frequencies in the Published Literature

ADVERSE REACTION INCIDENCE COMMENT
* TRIM 100%
 Inflammatory response (?) 100% Increases with duration of storage

e Alloimmunization

* RBCs 0.5%
* Plts 10% Reduced by leukoreduction25
* Minor allergic reactions (urticaria, 0.5-4% Plts and FFP > RBCs
flushing)
* Febrile reactions 0.1-2% Probably reduced by leukoreduction
e DHTR 1/2,000 Most often Kell, Kidd, and Rhesus (E) antibodies
e TRALI 1/5,000 All plasma containing products;
FFP and Plts > PRBCs
e Anaphylactic/toid reactions 1/25,000 Plts > PRBCs
IgA deficiency increases risk
e AHTR 1/25,000 Usually patient ID error; 2% mortality;
Plasma-incompatible Plts are a rare cause
e GVHD Rare Immunocompromised patients, especially marrow transplant recipients

TRIM, transfusion-related immunomodulation; RBCs, red blood cells; Plts, platelets; FFP, fresh-frozen plasma; DHTR, delayed hemolytic
transfusion reaction; TRALI, transfusion-related acute lung injury; PRBCs, packed RBCs; IgA, immunoglobulin A; AHTR, acute hemolytic
transfusion reaction; ID, identification; GVHD, graft-versus-host disease.
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Hazards Associated with Massive Transfusion

- Hypothermia

- Volume overload

- Dilutional coagulopathy

- Reduced oxygen-carrying capacity (decreased 2,3-DPG)
- Metabolic acidosis/alcalosis metabolica

- Hyperkalemia, hypocalcemia and hypomagnasemia
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TRANSFUSION DE HEMODERIVADOS:
RIESGOS

Objetivos de los protocolos de utilizacion de hemoderivados

e Transfundir menos
e Transfundir mejor
e Transfundir con menos riesgos

e Transfundir con menos coste
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TRANSFUSION DE HEMODERIVADOS:
RIESGOS

PROTOCOLO RCOT

CONSULTA DE PREANMNESTESIA
Tipo de cirugia: RPTR, RPTC , Reartrodesis raquis
Sangrado estimado: 1500cc

Hb<10g/dl Hb 10-13g/dl Hb>13g/dl

‘ 1 Fe oral/ev
1C EPO Folico/Bl 2
Hematologia Fe oral/ev

Estudio Folico/Bl1?2 EPO solo con
anemia Autotransfusion

Asociar antifibrinoliticos intraoperatoriamente

Valorar el uso recuperadores intra/postoperatorios
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PROTOCOLOS DE USO
DE HEMODERIVADOS

1.- Transfundir menos

e Optimizacion preoperatoria
e Indicacion de transfusion individualizada
e Tecnicas para minimizar hemorragia

e Tecnicas de ahorro de sangre
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PROTOCOLOS DE USO
DE HEMODERIVADOS

2.- Transfundir mejor

e Conocer la importancia de la hemorragia

e Decidir gué hemoderivado utilizar
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PROTOCOLOS DE USO
DE HEMODERIVADOS

3.- Seqguridad
c- |

e Seleccion de donantes

e Analisis de laboratorio
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TECNICAS DE AHORRO DE SANGRE

e Donacion autdloga preoperatoria

e Hemodilucion normovolémica aguda

e Recuperadores de sangre intraoperatorios
®

o

Recuperadores de sangre postoperatorios

Farmacos

- Eritropoyetina

— Sustitutos sanguineos: hemoglobina sintetica (in progress)
- Desmopresina

— Antifibrinoliticos
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TECNICAS DE AHORRO
DE SANGRE

Ventajas

e Evita la transmision de infecciones de donantes
e Previene la aloinmunizacion

e Sangre compatible para pacientes con
aloanticuerpos

e Previene de ciertas reacciones transfusionales
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TECNICAS DE AHORRO
DE SANGRE

Inconvenientes

e Riesgo de contaminacion bacteriana

e No elimina la posibilidad de incompatibilidad ABO por
ERROR TRANSFUSIONAL

e Provoca anemia perioperatoria
e No uso de sangre alogéenica almacenada
e Mayor coste que la transfusiona alogenica
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NORMOVOLEMIC HEMODILUTION en MEDLINE
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17;14(3):123-9.PMID: 19380283 [PubMed - indexed for MEDLINE]Related citations
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MEDLINE]Related citations
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19266835 [PubMed - indexed for MEDLINE]Related citations
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Yamada T, Nagata H, Morisaki H, Takeda J.J Anesth. 2009;23(1):61-6. Epub 2009 Feb 22.PMID: 19234825 [PubMed - indexed for MEDLINE]Related citations

25. [Acute normovolemic hemodilution to reduce allogenic blood transfusion in patients undergoing radical cystectomy] Ono K, Shibata J, Tanaka T, Sakamoto A, Hasegawa J, Tanaka S, Kitoh T,
Kawamata M.Masui. 2009 Feb;58(2):160-4. Japanese. PMID: 19227167 [PubMed - indexed for MEDLINE]Related citations

26.A volume loading test for the detection of hypovolemia and dehydration. Hahn RG, Andrijauskas A, Drobin D, Svensén C, lvaskevicius J.Medicina (Kaunas). 2008;44(12):953-9.PMID: 19142053
[PubMed - indexed for MEDLINE]Free ArticleRelated citations

27. Anesthesia for free vascularized tissue transfer. Hagau N, Longrois D. Microsurgery. 2009;29(2):161-7. Review.PMID: 18946883 [PubMed - indexed for MEDLINE]Related citations

28. Clot formation in a blood-collection bag used for acute normovolemic hemodilution.

Loubser PG. J Cardiothorac Vasc Anesth. 2008 Oct;22(5):801-2. Epub 2008 May 7. No abstract available. PMID: 18922451 [PubMed - indexed for MEDLINE]Related citations

29. Bloodless cardiac surgery and the pediatric patient: a case study. Ging AL, St Onge JR, Fitzgerald DC, Collazo LR, Bower LS, Shen I. Perfusion. 2008 Mar;23(2):131-4.PMID: 18840583
[PubMed - indexed for MEDLINE]Related citations

30. [The infusion therapy of the acute bleeding] Bagdasarova EA, larochkin VS, Chernookov Al, Bagdasarov VV, Ramishvili VSh. Khirurgiia (Mosk). 2008;(8):68-72. Russian. PMID: 18833153
[PubMed - indexed for MEDLINE]Related citations

31. A prospective randomized trial of acute normovolemic hemodilution compared to standard intraoperative management in patients undergoing major hepatic resection. Jarnagin WR, Gonen M,
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indexed for MEDLINE]Free ArticleRelated citations
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14.PMID: 1867638 [PubMed - indexed for MEDLINE]Related citations
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ArticleRelated citations
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36. Effect of acute progressive normovolemic hemodilution with lactated Ringer's, gelatin and hydroxyethyl starch on coagulation and survival rate in rabbits] Li LY, Xu X.Beijing Da Xue Xue Bao.
2008 Jun 18;40(3):292-300. Chinese. PMID: 18560458 [PubMed - indexed for MEDLINE]Related citations

37.0xygen transport during hemodilution with a perfluorocarbon-based oxygen carrier: effect of altitude and hyperoxia. Gardeazabal T, Cabrera M, Cabrales P, Intaglietta M, Bricefio JC.J Appl
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39. Case 3-2008. The use of acute normovolemic hemodilution during cardiac surgery in a patient with human immunodeficiency virus infection. Loubser PG, Murphy GS, Shander A. J Cardiothorac
Vasc Anesth. 2008 Jun;22(3):474-81. No abstract available. PMID: 18503944 [PubMed - indexed for MEDLINE]Related citations

40. Bloodless spinal surgery: a review of the normovolemic hemodilution technigue. epstein ne.

Surg Neurol. 2008 Dec;70(6):614-8. Epub 2008 Apr 18. Review.PMID: 18423553 [PubMed - indexed for MEDLINE]Related citations




HEMODILUCION NORMOVOLEMICA

Extraccion de un volumen de sangre del paciente en el
Intraoperatorio, previa a importante hemorragia, con reposicion
simultanea del volumen.

e El paciente perdera sangre con pobre hematocrito.

e El paciente se transfundira con su propia sangre.
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Acute Preoperative Hemodilution in Patients Undergoing
Radical Prostatectomy: A Case Study Analysis of Efficacy

Lawrence T. Goodnough, Mp*, Judy E. Grishaber, Do+, Terri G. Monk, MDt, and
William J. Catalona, MDt

Departments of *Medicine and Pathology, tAnesthesiology, and fSurgery, Barnes Hospital,
Washington University School of Medicine, 5t. Louis, Missouri
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Figure 1. The relationship between whole blood volume (ml) lost
{abscissa) and red blood cell {RBC) volume lost {ordinate) for Patient
1. RBC wolume lost with 2600 mL of whole blood lost intraopera-
tively after hemodilution of 1500 L of whole blood (O—O) RBOC
wrolurnme lost with 2600 mL of whole blood lost during hemaodilation
at each of three 500-mmlL volumes removed (- @) cumulative
RBC wvolume lost intraoperatively, derived for 2600 ml. of swhole
bBlood lost if hemodilution had not been performed (@— — —@8). A net
reduction of 204 ml. in RBC volume lost with hemodilution is illuas—
trated by the divergence of the fwvwo curves.
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Table 16.1 Criteria for selection of patients for
perioperative hemodilution

Estimated blood loss = 1500 mil

FPreoperative hamoglobin concentration == 12 g/dl

Mormal ECG and normal myocardial function
(no signs of ischaemia, no ST-deviation, no unstahle
angina pectoris, no congestive heart failure,
no ventricular ajection fraction < 50%%)

Absence of restrictive andfor cbstructive lung
disease {preopeaerative chest X-ray, respiratory
functional testing)

Absence of renal disease (normal serum urea’
craatinine, no oliguria; no signs of single kidney
dysfunction)

Absence of untreated hypertension (systolic arterial
pressure = 180 mmHg, diastolic arterial pressure
= 100 rmmH o)

Absence of liver cirrhosis {(plasma clotting factors
within referance, serum albumin within referancea)

Absence of coagulation disarders (in vivo clotting
time, plasma clotting factors within reference,. no
history of hereditary coagulopathy, platelet count
=150 Q0O 1)

Abhzance of infection (o fever, no
leucocytosisipenia, no systemic inflammatory
response syndrome, no invasive local infection)

Modified from Kraimaier and Moasesmmaoar, 2002,
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NORMOVOLEMICA

Indicaciones

g/dL.

ada >1500 mL.

dilution. Transfus Apher Sci. 2002
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¢, Qué ocurre cuando hemodiluimos?

100 4

Mecanismos compensadores 21 ey g

1. Aumento del gasto cardiaco

% Hb saturacidn
z

2. Redistribucion del gasto cardiaco S TRl R (R rara e

PO; [mm Hag]

3.  Aumento de la extraccion tisular de oxigeno

4. Cambios en la afinidad de la hemoglobina
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VVolumen extraible

., Cuanto hemodiluimos?

He — Hg
V. = EBV X —= Hy

Gross JB. Estimating allowable blood loss: correct Ho r;58(3):277-80.

FOormula de Dubousset

VE = Peso0/13 x [Hto inicial-Hto final/(Hto inicial + Hto final)/2]

+ Al OLI

Al volumen extraible se le resta un 25 % y un 20 % mas para seguridad
Extraccion 450 ml. de sangre en 10 - 15 min.
Adicion a la bolsa de sangre (de 400 a 500 cc) 63 cc de CPD.

[ A 0

=) 1 I‘U’ o ] (]
LATNLTUT Ol 1OV LCOIVIT UT T UTTavivill Lultiuiiuauaca
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.,Como hemodiluimos?

Relleno o Reemplazamiento

e Con cristaloides: infusion del 3 a 5 ml por ml de sangre extraido.

e Con coloides: infusion del 1,2 a 1,5 ml por ml de sangre extraido.

Etiguetado de las bolsas con todos los datos.

Almacenaje a 4° C y preferible uso antes de 4 horas
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Monitorizacion

Table 16.2 Hemodilution: monitoring variables in the perioperative period

Hemaodilution to Het 20-25% Hemodilution to Het below 20-25%
Continuous Intermittent Additional Facultative (acc. to
monitoring manitoring (highest priority) target Het)
ECG-manitor ECG-monitor On-line ST-segment
{lead |l or ¥} (lead Il and V) analysis
Arterial blood Arterial blood Fulmonary arterial
pressure {invasive) pressure (invasive) cathetar
(CO, PCWP
continucus 5,0,)
Central venous Arterial pulse
pressura {curve cantour analysis
display) (CO, GEDV, SVV)
Pulse aximeatry Blood gas analysis Blood gas analysis; O, transport indices
(Pa0,, Sa0,, BE, pH, central venous ar (DO, VO, O, ER)
Hb, Cal,) mixed venous (Pv0,,
S‘h’ﬂg. E‘FDE}
Lrinary output Cumulative urinary
autput {hourly)
Blood chemistry (K*, Blood chemistry {arterial Bedside Hb-test
Cl ,Na',Ca ", blood lactate, serum albumin) (Hemocue),
glucose, coagulation thrombelastography
status, fibrinogen,
platelet count)
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Teohrodogry, Computisg, and Simudaton

Secter Edver Dwawrea W oo mrek owr

Stroke Volume Variation During Acute
Normovolemic Hemodilution

Cudonan Kungys, B
Dawid [ Fose, CRINA, FhD

Faeal W Fleming 3D, FhD

Copyright © 2009 International Anesthesia Fesearch Society

Vol. 109, Mo, 6, December 2009
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DISCUSSION
<

These observed
changes suggest that 5VV may have clinical utility as
a real-time monitor to guide intraoperative fluid man-
agement. This potential role 1s supported by the
correlation between increasing SVV and decreasing

LVEDYV as measured by TEE
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HNV en COT
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HNV en cirugia cardiaca
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HNV en cirugia mayor abdominal

Maithel SK, Jarnagin WR. Adjuncts to liver surgery: is acute normovolemic hemodilution useful
for major hepatics resections? Adv Surg. 2009;43:259-68.
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HNV en cirugia urologica

Monk TG, Goodnough LT, Brecher ME. Acute normovolemic hemodilution can replace
preoperative autologous donation as a method of autologous blood procurement in radical
prostatectomy. Anesth Analg 1997;85-953-958.
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Eficacia

e Modelos matematicos:

Hemodilucion a Hto. < 20% acompafada de perdidas sustanciales
son necesarias para lograr “ahorro de sangre” clinicamente
Importante.

Brecher ME, Rosenfeld M. Mathematical and computermodeling of acute normovolemic
hemodilution. Transfusion 1994;34:176-179.

e Estudios clinicos:
Con hemodilucion a Hto. 28% (extraccion 3 CH)
& ahorro de 215 mL. =1 concentrado de hematies.
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Ventajas de la HNV
sobre resto de técnicas de ahorro de hemoderivados

e No errores transfusionales

e Mas econdmica que el resto de técnicas
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CRITICAS A LA HNV

1.- Existencia de factores de confusion

2.- Monitorizacion de parametros clinicos indirectos

3.- Déficit de estudios organo-especificos

Lindahl SG. Thinner than blood. Anesth Analg 1995;80:217-8.

Leone BJ, Spahn DR. Anemia, hemodilution, and oxygen delivery. Anesth Analg 1992;75:651-3.
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BLOOD CONSERVATTON AND TRANSFUSTON ALTERNATIVES

Preoperative acute normovolemic hemodilution: a meta-analysis

Jodi B. Segal, Elena Blasco-Colmenares, Edward . Norris, and Eliseo Guallar

TRANSFUSION 2004;44:632-644.
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The 42 included studies were published between 1972 and 2002;

The total number of enrolled patients included in our analyses is 2233
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DISCUSSION

Current evidence does not support a reduction in the risk
of allogeneic transfusion in the perioperative period with

( use of ANH.

The volume of allogeneic blood transfused in the
ANH groups was less than that transfused in the compar-
ison groups, by 1 to 2 units.

It

has been suggested that ANH can only
be expected to be efficacious when
there is substantial intraoperative blood
loss.” Interestingly, in the studies we
reviewed, the mean amount of intraop-
erative blood loss in the ANH arms was
highly correlated with the mean volume
of blood removed by hemodilution.
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PROTOCOLO ?
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Our own blood is still the best thing
to have In our veins.

T. Frenzel

‘Cause | got too much life,
running through my veins.

R. Williams
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