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Standard risk High risk p

n 3,603,803 513,924 -

Age (years) 54 (38-69) 75 (63-83) <0.0001 

Emergencies (%) 769,371 (21.3%) 454,924 (88.5%) <0.0001 

Hospital stay (days) 3 (1-6) 16 (9-29) <0.0001 

Mortality (%) 15,038 (0.42%) 63,340 (12.3%) <0.0001 
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Synergistic Implications of Multiple
Postoperative Outcomes.

Melissa M. Boltz, DO, Christopher S. Hollenbeak, Ph.D., 
Gail Ortenzi, RN, BSN, and Peter W. Dillon, M.D.

Am J Med Quality 2012



MORTALIDAD SEGÚN INCIDENCIA DE COMPLICACIONES
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Diferencia 17% de 
mortalidad al día 2000

17% menos 
MORTALIDAD
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The functional capacity of the patient determines their ability to support
the perioperative demand of increased oxygen consumption and

therefore of cardiac output



David Brailsford











SOLO MONITORIZACIÓN 
MÍNIMAMENTE INVASIVA



SOLO MONITORIZACIÓN 
MÍNIMAMENTE INVASIVA



SOLO CONTORNO DE PULSO NO 
CALIBRADO



RCT
ERAS NO 
ESTABLECIDO
CIRUGÍA BAJO 
RIESGO
Fluidoterapia 
convencional vs 
GDHT (209 vs 211)



8 vs 
16%





SUBGRUPOS 
ERAS VS NO 
ERAS





PACIENTE 
ASA II
BMI 26
ERAS ESTABLECIDO
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Cual es la realidad fuera 
de ensayos clínicos?



<10%!







Cual es la realidad fuera de ensayos 
clínicos?

• Cuantos de vosotros realizáis GDHT?
• Cuantos de vosotros hacéis fluidoterapia 

“restrictiva” o “liberal”?







A patient weighing 75 kg who has a 4 h procedure 
with 400 ml blood loss and 1ml/kg/h urine output will 
receive anything between 700 and 5400 ml of 
crystalloiID, DEPENDING OF THEIR ANESTHESIA 
PROVIDER







What hemodynamic 
monitoring do you 

routinely use for the 
management of high-risk

surgery patients?





What are your indicators for volume expansion 
in patients undergoing high-risk surgery?







Bundgaard-Nielsen et al. Acta Anesth Scand 2009; 53: 843

Hypovolemia Normovolemia Sobrecarga de 
volumen

Morbilidad





N=479 patients aged ≥18 years that have undergone 
surgery that required postoperative ICU

<2000 ml

>2000 ml

BALANCE  INTRAOPERATORIO





LA GRAN PREGUNTA:
QUÉ ES NORMOVOLEMIA O FLUIDOTERAPIA ÓPTIMA?
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Summary

Background: Both hypovolemia and a fluid overload are detrimental for outcome in
surgical patients but the effort to establish normovolemia is hampered by the lack of
an operational clinical definition. Manipulating the central blood volume on a tilt
table demonstrates that the flat part of the Frank-Starling curve is reached when
subjects are supine and that finding may be applicable for a clinical definition of
normovolemia. However, it is unknown whether stroke volume (SV) responds to an
increase in preload induced by fluid administration.
Methods: In 20 healthy subjects (23 ± 2 years, mean ± SD), SV was measured by
esophageal Doppler before and after fluid administration to evaluate whether SV
increases in healthy, non-fasting, supine subjects. Two hundred millilitres of a
synthetic colloid (hydroxyethyl starch, HES 130 ⁄ 0Æ4) was provided and repeated if a
‡10% increment in SV was obtained.
Results: None of the subjects increased SV ‡10% following fluid administration but
there was a minor increase in mean arterial pressure (92 ± 15 to 93 ± 12 mmHg,
P = 0Æ01), while heart rate (HR) (66 ± 12 beats min)1; P = 0Æ32), cardiac output
(4Æ8 ± 1Æ1 l min)1; P = 0Æ25) and the length of the systole corrected to a HR of 60
beats ⁄ min (corrected flow time; 344 ± 24 ms; P = 0Æ31) did not change.
Conclusion: Supporting the proposed definition of normovolemia, non-fasting,
supine, healthy subjects are provided with a preload to the heart that does not
limit SV suggesting that the upper flat part of the Frank-Starling relationship is
reached.

Introduction

One objective for perioperative fluid administration is to
establish and to maintain !normovolemia" because both hypo-
volemia and a fluid overload are detrimental for outcome (Holte
et al., 2002; Bundgaard-Nielsen et al., 2007a). However, the
effort to establish normovolemia is problematic because it is
uncertain how a normal intravascular volume should be defined.
In surgical patients, randomized trials demonstrate enhanced
recovery when fluid is administered until cardiac stroke volume
(SV) does not increase ‡10% (Bundgaard-Nielsen et al., 2007a;
Abbas & Hill, 2008; Kehlet & Bundgaard-Nielsen, 2009). Thus,
it seems advantageous if the heart operates at the upper flat part
of the Frank-Starling curve, maybe because that defines
normovolemia for supine humans. This suggestion is supported
by experimental manipulation of the central blood volume by
tilt in healthy subjects. Head-up tilt reduces the central blood
volume and, consequently, SV and CO decrease (Matzen et al.,
1991; Jorgensen et al., 1993). Conversely, head-down tilt
increases the central blood volume but with no consequence

of SV and CO suggesting that these variables are independent of
cardiac preload in the supine position (Harms et al., 2003; Jans
et al., 2008). We tested that hypothesis by administering a
volume load to supine, healthy, non-fasting subjects.

Methods

Twenty healthy subjects (10 females; age 23 ± 2; height
176 ± 10 cm; weight 72 ± 11 kg) were included in the study
after informed consent. The trial was approved by the local
ethics committee (KF 11326590) and registered by the Danish
data protection agency (Copenhagen, Denmark) and by
ClinicalTrials.gov (NCT00380107).

Subjects needed to be non-medicated and without any
medical history. To ensure normal hydration at the time of
the investigation, the subjects were not allowed to carry out any
intense physical activity (Hanel et al., 1997) or to drink alcohol
for 48 h before the trial and after midnight on the day before
the trial, no caffeine containing fluids were allowed. A
standardized meal consisting of an orange, an apple, one piece

Clin Physiol Funct Imaging (2010) 30, pp318–322 doi: 10.1111/j.1475-097X.2010.00944.x

! 2010 The Authors
Journal compilation ! 2010 Scandinavian Society of Clinical Physiology and Nuclear Medicine 30, 5, 318–322318

Normovolemia defined according to cardiac stroke volume
in healthy supine humans
Morten Bundgaard-Nielsen1,2, Christoffer C. Jørgensen1,2, Henrik Kehlet2 and Niels H. Secher1

1Department of Anesthesiology, and 2Section of Surgical Pathophysiology, Rigshospitalet, University of Copenhagen, Denmark

Correspondence
Morten Bundgaard-Nielsen, Department of
Anesthesiology 2041, Rigshospitalet, DK-2100
Copenhagen, Denmark
E-mail: m.bundgaard@dadlnet.dk

Accepted for publication
Received 17 February 2010;
accepted 26 April 2010

Key words
cardiac stroke volume; fluid therapy; healthy
subjects; intravascular volume; normovolemia

Summary

Background: Both hypovolemia and a fluid overload are detrimental for outcome in
surgical patients but the effort to establish normovolemia is hampered by the lack of
an operational clinical definition. Manipulating the central blood volume on a tilt
table demonstrates that the flat part of the Frank-Starling curve is reached when
subjects are supine and that finding may be applicable for a clinical definition of
normovolemia. However, it is unknown whether stroke volume (SV) responds to an
increase in preload induced by fluid administration.
Methods: In 20 healthy subjects (23 ± 2 years, mean ± SD), SV was measured by
esophageal Doppler before and after fluid administration to evaluate whether SV
increases in healthy, non-fasting, supine subjects. Two hundred millilitres of a
synthetic colloid (hydroxyethyl starch, HES 130 ⁄ 0Æ4) was provided and repeated if a
‡10% increment in SV was obtained.
Results: None of the subjects increased SV ‡10% following fluid administration but
there was a minor increase in mean arterial pressure (92 ± 15 to 93 ± 12 mmHg,
P = 0Æ01), while heart rate (HR) (66 ± 12 beats min)1; P = 0Æ32), cardiac output
(4Æ8 ± 1Æ1 l min)1; P = 0Æ25) and the length of the systole corrected to a HR of 60
beats ⁄ min (corrected flow time; 344 ± 24 ms; P = 0Æ31) did not change.
Conclusion: Supporting the proposed definition of normovolemia, non-fasting,
supine, healthy subjects are provided with a preload to the heart that does not
limit SV suggesting that the upper flat part of the Frank-Starling relationship is
reached.

Introduction

One objective for perioperative fluid administration is to
establish and to maintain !normovolemia" because both hypo-
volemia and a fluid overload are detrimental for outcome (Holte
et al., 2002; Bundgaard-Nielsen et al., 2007a). However, the
effort to establish normovolemia is problematic because it is
uncertain how a normal intravascular volume should be defined.
In surgical patients, randomized trials demonstrate enhanced
recovery when fluid is administered until cardiac stroke volume
(SV) does not increase ‡10% (Bundgaard-Nielsen et al., 2007a;
Abbas & Hill, 2008; Kehlet & Bundgaard-Nielsen, 2009). Thus,
it seems advantageous if the heart operates at the upper flat part
of the Frank-Starling curve, maybe because that defines
normovolemia for supine humans. This suggestion is supported
by experimental manipulation of the central blood volume by
tilt in healthy subjects. Head-up tilt reduces the central blood
volume and, consequently, SV and CO decrease (Matzen et al.,
1991; Jorgensen et al., 1993). Conversely, head-down tilt
increases the central blood volume but with no consequence

of SV and CO suggesting that these variables are independent of
cardiac preload in the supine position (Harms et al., 2003; Jans
et al., 2008). We tested that hypothesis by administering a
volume load to supine, healthy, non-fasting subjects.

Methods

Twenty healthy subjects (10 females; age 23 ± 2; height
176 ± 10 cm; weight 72 ± 11 kg) were included in the study
after informed consent. The trial was approved by the local
ethics committee (KF 11326590) and registered by the Danish
data protection agency (Copenhagen, Denmark) and by
ClinicalTrials.gov (NCT00380107).

Subjects needed to be non-medicated and without any
medical history. To ensure normal hydration at the time of
the investigation, the subjects were not allowed to carry out any
intense physical activity (Hanel et al., 1997) or to drink alcohol
for 48 h before the trial and after midnight on the day before
the trial, no caffeine containing fluids were allowed. A
standardized meal consisting of an orange, an apple, one piece

Clin Physiol Funct Imaging (2010) 30, pp318–322 doi: 10.1111/j.1475-097X.2010.00944.x

! 2010 The Authors
Journal compilation ! 2010 Scandinavian Society of Clinical Physiology and Nuclear Medicine 30, 5, 318–322318



Functional intravascular Functional intravascular 
volume deficit in patients volume deficit in patients 
before surgerybefore surgery

Volume of colloid to establish maximal cardiac stroke volumeVolume of colloid to establish maximal cardiac stroke volume
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2 GRANDES CONCLUSIONES
LOS PACIENTES QUE NO ALCANZAN DO2 BASAL
SE COMPLICAN MÁS

LOS MÉTODOS HABITUALES PARA MANEJO HDM 
NO SIRVEN









MICROCIRCULACIÓN







FLUIDOTERAPIA GUIADA A LA MICROCIRCULACIÓN
El fin de la fluidoterapia es mejorar el gasto cardiaco con el fin de mejorar la perfusión 

capilar.



FLUIDOTERAPIA ÓPTIMA
Condición en la que existe una convección óptima de hematíes, y los capilares presentan 

un relleno de hematíes óptimo









PREOPERATORIO                                         POSTOPERATORIO                                                   





UN POCO COMPLICADO EN EL DÍA A DÍA
QUÉ PODEMOS HACER EN EL DÍA A DÍA?

1.EVITAR SOBRECARGA DE VOLUMEN
2.SELECCIONAR EL FLUIDO ADECUADO
3.GDHT DE FORMA SENCILLA Y POCO INVASIVA
4.ASEGURAR QUE SE CUMPLE!





For each additional liter of fluids 
given during the day of operation, the risk of postoperative 
symptoms delaying recovery increased by 16% (OR, 1.16; 95% CI 
1.02-1.31) and the probability of postoperative complications 

increased by 32% (OR, 1.32; 95% CI, 1.17-1.50).



MANTENIMIENTO 10 ML/ KG/ H HARTMANN�S SOLUTION.



Gradiente de oxígeno a mitocondria disminuye, pese a una DO2 adecuada

DIFUSIÓN 
LIMITADA

PÉRDIDA DE COHERENCIA HEMODINÁMICA DE TIPO 4





FLUID PHYSIOLOGY MEETS CLINICAL PRACTICE: THE TRUTH ABOUT VOLUME EFFECTS

HEMODILUCIÓN NORMOVOLÉMICA

HEMODILUCIÓN HIPERVOLÉMICA





DEL MISMO MODO QUE NO TIENE FUNDAMENTO TRATAR UNA HIPOTENSIÓN POR 
BAJA CARGA ARTERIAL CON FLUIDOS, NO TIENE SENTIDO TRATAR HIPOVOLEMIA 

CON CRISTALOIDES



EFECTO EXPANSOR 
CRISTALOIDE
17 � 10%













NO SÓLO FLUJO
LA HIPOTENSIÓN SE ASOCIA A COMPLICACIONES



• 33,330 cirugías no cardiacas en Cleveland Clinic

• Evaluaron la asociación entre una TAM intraoperatoria desde 
< 55 a 75 mmHg y complicaciones postoperatorias (AKI, 
Miocárdicas)

• Determinan umbrales de TAM en los que se incrementa el el 
riesgo

• < 55, < 60, < 65, < 70, < 75 mmHg; 0, 1-5, 6-10, 11-20 minutos



Relación independiente entre el tiempo de permanencia en TAM < 55 mmHg y AKI
No relación entre TA preoperatoria y tiempo con TAM< 55
A mayor tiempo con TAM < 55 mmHg, tendencia a incremento en mortalidad a 30 días
(> 20 minutos con significación estadística)



NO HAY UN TIEMPO “ SEGURO” DE TAM < 55 mmHg

HIPOTENSIÓN COMO FACTOR
DE RIESGO PARA COMPLICACIONES





TAS � 10% BASAL
TAS > 80mmHg o 

TAS<80% basal



14% MENOS COMPLIACIONES





BIEN, PERO, SON ENSAYOS CLÍNICOS
QUÉ PUEDO HACER YO?



SIMPLIFICADO PERO VÁLIDO
MANTENER FLUJO, MANTENER PRESIÓN





BAJO FLUJO











129,233 cases
Complication rates depend on the surgical procedure

Surgery Morbidity rate %

Esophagectomy 55.1

Pelvic exenteration 45.0

Pancreatectomy 34.9

Colectomy 28.9

Gastrectomy 28.7

Liver resection 27

Prioritizing Quality Improvement 
in General Surgery.

Schilling et al. 
J Am Coll Surg. 2008; 207:698–704.



129,546 cases
Complication rates depend on the patient

Risk factor Odd ratio

ASA 4/5 vs 1/2 1.9

ASA 3 vs 1/2 1.5

Dyspnea at rest vs. none 1.4

History of COPD 1.3

Dyspnea with minimal exertion 
vs. none

1.2

Successful Implementation of the 
Department of Veterans Affairs’ NSQIP in the Private Sector: 

The Patient Safety in Surgery Study.
Khuri et al. 

Ann Surg 2008





OPTIMIZACIÓN VS + PC 
NORADRENALINA + 
FLUIDOTERPiA RESTRICTIVA



ESTUDIO ANTES-DESPUÉS
N 360 VS 319
CIRUGÍA COLORECTAL PROGRAMADA











vs



La heterogeneidad de la perfusión de la microcirculación con capilares obstruidos junto 
con los capilares bien perfundidos. 

PÉRDIDA DE COHERENCIA HEMODINÁMICA DE TIPO 1



INCLUYE PAC Y MÍNIMAMNETE 
INVASIVA



Bundgaard-Nielsen et al. Acta Anesth Scand 2009; 53: 843

Hypovolemia Normovolemia Hypervolemia

Morbidity

?PULMÓN?

RIÑÓN?



CUAL ES EL FUTURO?















MIA
MONITORIZA
INTERPRETA
ACTÚA

Measure, interpret, apply — the MIA rule in 
critical care monitoring
J.-L. Vincent



http://hollywoodanesthesia.com/

NINGÚN MONITOR PER SE MEJORA LOS RESULTADOS

GRACIAS, PREGUNTAS?



















Our findings should not be used to 
support excessive administration of 
intravenous fluid 




