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Chapterr 1 

Generall introduction 

Historicall aspects 

Legendd has it that the first exchange of human blood was accomplished in 

1492,, when the blood of three healthy boys was transferred into the veins of 

thee old and sick Pope Innocentius VIII , unfortunately without success.1 

However,, the concept of blood transfusion was not further elaborated upon 

beforee the description of the circulation by William Harvey in the first half 

off  the seventeenth century. Shortly thereafter, the first intravenous injections 

weree performed and blood was exchanged in animal experiments. In 1666, 

thee Englishman Richard Lower observed how dogs, that were nearly bled to 

death,, could be revived with intravenous injections of another dog's blood. 

However,, it was the Frenchman Jean-Baptiste Denis, who would deserve the 

creditss for performing the first blood transfusion to a human one year later. 

Inspiredd by the experiments from Lower, he administered calf blood to a 

man,, hoping to treat the man's frenzy with the "cool and fresh" blood of the 

youngg animal. The man did not suffer any immediate harmful consequences, 

andd soon this new transfusion therapy spread across Europe, where doctors 

begann to exchange blood between different animals and humans for all kinds 

off  disorders, ranging from leprosy to psychiatric illness. 

Denis'' success caused a lot of envy and criticism from the leading scien-

tistss of the conservative French academy. Due to their lobby, and the fatal 

outcomee of other transfusion experiments, a court order declared the per-

formancee of blood transfusion dependent on the permission of the Faculty of 

Medicine.. Rather than to submit to the most conservative doctors in France, 

thee practice of blood transfusion was abandoned and faded away. Two years 

later,, the French Parliament officially banned all transfusions involving hu-

mann beings, followed by the English Parliament and the Vatican, and as a 
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resultt the study of circulation and transfusion was abandoned for a long 

time.2 2 

Itt was not before the late eighteenth century, when oxygen had been 

identifiedd by Lavoisier in 1777, that experimental transfusions in animals 

revealedd the oxygen transport function of blood. New insights resulted in the 

firstfirst transfusions of human blood, which were supposedly performed by the 

Englishh physician and obstetrician James Blundell in 1818. His results, 

whichh were encouraging because he only used human blood, with the only 

goalgoal to replace the blood lost after hemorrhage, revived the interest for blood 

transfusionn in Europe. However, the lack of knowledge about sterility, blood 

groups,, and coagulation resulted in low success rates: in 1873, evaluation of 

bloodd transfusions showed that more than 50 % had ended in death. The 

proceduree threatened to be abandoned again. 

Inn 1901, Karl Landsteiner, investigating failed transfusions, identified the 

mainn types of red blood cells, resulting in the ABO and rhesus blood group 

system.. Although it took more than a decade before cross matching was used 

too type donor and recipient, the chance of adverse reactions after transfusion 

wass now strongly reduced. In combination with the use of more adequate 

equipment,, which simplified the procedure of blood collection and 

administration,, and the introduction of sodium citrate as an anticoagulant by 

Richardd Lewisohn in 1915, the transfer of blood from one person to another 

hadd become a relatively safe and bearable procedure. 

Still,, transfusion was dependent on the immediate availability of a 

matchedd blood donor, as the blood was directly transferred from the donor to 

thee patient. To circumvent this problem, in the Soviet Union doctors 

experimentedd with human cadaver blood, and later with stored donor blood. 

Theirr lead was followed by others, resulting in the development of the first 

storedd blood facilities in the end 1930s in the anticipation of huge numbers 

off  war casualties. Indeed, during WW II the technique and understanding of 

bloodd banking and blood transfusion developed rapidly. Another impulse 
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wass given by the development of the plastic container. After its introduction 

inn 1950, the separation of whole blood into different components and the 

relatedd therapeutic procedures became reality, and further stimulated the 

developmentt of blood banking and transfusion therapy, as we know it today. 

Transfusionn therapy 

Thee objective of red blood cell (RBC) transfusion is based on two assump-

tions:: 1) patients experience adverse outcomes when the oxygen-carrying 

capacityy of the blood is reduced, and 2) RBC transfusion, by augmenting the 

oxygen-carryingg capacity of the blood, can prevent these adverse outcomes. 

Inn general, oxygen delivery to the tissues is defined as the product of blood 

floww (Q) and arterial oxygen content (Ca02). The latter is a function of he-

moglobinn concentration (Hb), saturation (Sa02), and the amount of 

physicallyy dissolved oxygen in arterial blood (Pa02): 

D022 - Q x Ca02 

Ca022 - (Hb x Sa02 x 1.31) + (Pa02 x 0.003), 

inn which 1.31 represents the 02 binding capacity of hemoglobin (ml 02 per 

gramm Hb) and 0.003 the solubility coefficient for 02 in blood (0.003 ml 02 

iss dissolved for each mmHg of partial 02 pressure). Within the tissues, addi-

tionall  factors, such as the local distribution of blood flow, capillary hetero-

geneity,, RBC transit time in the capillaries, and the position of the oxygen 

dissociationn curve, are of importance for the transport of oxygen to the cell. 

Ass a rather arbitrary clinical threshold for RBC transfusion ('transfusion 

trigger'),, a Hb of 10 g/dl and a hematocrit of 30 % have been propagated. 

Althoughh effective blood transfusion may be possible in this way, serious 

concernss have emerged, leading to a reconsideration of this transfusion trig-

ger.. The main concern against transfusion of blood products consists of 

severall  serious adverse effects: (next page) 
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TransmissionTransmission of infectious diseases. The risk of transmission of infectious 

(viral)) diseases during transfusion has raised considerable public concern 

sincee the description of transfusion-associated infection with the human im-

munodeficiencyy virus (HIV) in 1982. Other viruses that can be transmitted 

aree hepatitis A, B, and C, CMV, HTLV I and II and parvovirus B19. Fortu-

nately,, transmission has decreased over the years, and currently the rates are 

tooo low to measure. Estimated frequencies are shown in table 1.1. 

BacterialBacterial contamination. In the beginning of the twentieth century, contami-

nationn of blood was not uncommon, due to non-sterile donation and storage 

procedures.. The chance of contamination of blood units is greater with a 

longerr storage time and when pooled blood components from multiple do-

norss are used. Contamination of red cells most commonly concerns Yersinia 

enterocolitica,, for platelets Staphylococcus aureus and Klebsiella 

pneumonia. . 

Immunomodulation.Immunomodulation. The immunosuppressive effect of blood transfusion has 

beenn associated with exposure to donor leukocytes. Although this relation 

hass never been proven, these cells can be found in the recipient's circulation 

yearss after transfusion. The clinical implications are not clear, but an 

increasedd incidence of (postoperative) infection and an increased recurrence 

off  cancer have been reported after blood transfusion.3 However, the 

conditionss that give rise to the need for blood transfusion might also 

contributee to this effect.4 

Transfusion-associatedTransfusion-associated acute lung injury. Reactive substances in the donor 

blood,, possibly arising during storage, are thought to cause an acute respira-

toryy distress syndrome a few hours after transfusion.5 

HemolyticHemolytic reactions. Despite the knowledge of the RBC antigens, fatal 

hemolyticc reactions to transfusion still occur. Half of these acute fatal 

hemolyticc reactions is due to ABO incompatibility as a result of administra-

tivee mismatching of blood and recipient. In addition, patients can suffer from 

lesss severe reactions to minor RBC antigens. 
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Tablee 1.1. Estimated frequencies 
Effect Effect 

Hepatitiss A 

Hepatitiss B 

Hepatitiss C 

Humann Immunodeficiency Virus (HIV) 

Bacteriall  contamination 

RBCs s 

Platelets s 

Acutee hemolytic reaction 

(e.g.. ABO incompatibility) 

Delayedd hemolytic reaction 

(too minor antigens) 

Transfusion-relatedd acute lung injury 

off adverse effects6 

PerPer unit 

11 / 1.000.000 

11 / 30.000 - 1 / 250.000 

11 / 30.000-1 / 150.000 

11 / 200.000 - 1 / 2.000.000 

11 / 500.000 

11 / 12.000 

11 / 250.000 1/1.000.000 

11 / 1.000 

11 / 5.000 

DeathsDeaths per million 

units units 

0 0 

0-0.14 4 

0.5-17 7 

0 .5 -5 5 

0.1-0.25 5 

21 1 

0.67 7 

0.4 4 

0.2 2 

However,, these adverse effects are not the only reason for a reevaluation 

off  the clinical practice of blood transfusion. The efficacy of RBC transfusion 

iss being questioned as well. The results of an increasing number of studies, 

investigatingg the effect of RBC transfusion on oxygen transport, demon-

stratedd that transfusion of stored RBCs did not improve impaired tissue 

oxygenation.7122 Moreover, in a large clinical trial it was found that a more 

restrictivee RBC transfusion strategy in critically ill patients resulted in lower 

ratess of hospital mortality, cardiac complications, and organ dysfunction.13 

Thee reduced efficacy of RBC transfusion has been associated with impaired 

RBCC function due to the storage prior to transfusion. 

Inn combination with the shortage of donor blood supplies, the increasing 

costss of transfusion therapy, a growing public concern regarding the role of 

bloodd transfusion in the spreading of hepatitis and human immunodeficiency 

virusess (HIV), and an increasing number of patients demanding treatment 

withoutt transfusion of donor blood, these arguments plead for the limitation 

off  the number of blood transfusions and the use of alternatives, which are 
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Tablee 1.2. Techniques that delay or prevent the need for RBC transfusion. 

Technique Technique Objective Objective 

Preoperativee autologous donation 

Preoperativee erythropoietin 

therapy y 

Acutee normovolemic 

hemodilution n 

Acutee hypervolemic hemodilution 

Perioperativee blood salvage 

Redd blood cell substitutes 

Anesthesiaa techniques 

Pharmacologicall  treatment 

Patientt donates blood several weeks before surgery, which can 

bee retransfused after blood loss. 

Too elevate the preoperative hemoglobin level; possibly in 

combinationn with preoperative autologous donation. 

Priorr to surgery, blood of the patient is exchanged for an equal 

volumee of plasma substitute. Due to the lower hematocrit, less 

bloodd cells are lost. If necessary, the patient's own blood is 

retransfused. . 

Priorr to surgery, a substantial volume of plasma substitute is 

administeredd to the patient. Due to the larger circulating volume 

withh a lower hematocrit, a larger volume of blood loss can be 

tolerated. . 

Bloodd lost is either collected in containers and retransfused 

throughh a filter, or washed, and RBCs are filtered and re-

transfused. . 

Artificiall  oxygen carriers have been developed that might delay 

orr alleviate the necessity of RBC transfusion. There are two 

liness of development: hemoglobin solutions and 

perfluorocarbonn emulsions. 

Maintenancee of normothcrmia. adequate coagulation, and hy-

potensivee anesthesia can reduce the intraoperative blood loss. 

Antii  fibrinolytic therapy (e.g.aprotinin, tranexamic acid) or 

procoagulantt treatment can reduce the perioperative blood loss. 

shownn in table 1.2. Of these alternatives, preoperative donation and hemo-

dilutionn are considered to actually reduce the need for homologous blood 

transfusions.. Blood substitutes are currently being evaluated in preclinical 

andd clinical studies. 

Althoughh the number of transfusions has already been decreasing since 

1982,, when it became clear that HIV could be transmitted through blood 

transfusion,66 in general medical practice no clear consensus exists 

concerningg transfusion therapy.14 This is illustrated by investigations, 

showingg that the reason for transfusion was not documented in the patient's 

medicall  record in more than two thirds of the investigated cases15 and that 
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thee inappropriate use of RBC transfusion has been estimated to range from 5 

upp to 25 %.6'16 This lack of appropriateness, resulting in low cost-

effectivenesss and unnecessary risk of adverse events, has been attributed to a 

lackk of knowledge, that affects transfusion decision making.17 In a survey of 

surgeonss and anesthesiologists, 48 % of the physicians substantially 

overestimatedd the probability of inducing myocardial infarction by allowing 

thee hematocrit to fall below 30 % in the absence of active coronary disease. 

Inn addition, 41 % falsely believed that anemia itself impairs postoperative 

woundd healing.17 Focused educational efforts have been shown to improve 

transfusionn practice.16 

Basedd on experimental and clinical investigations, a universal transfusion 

triggerr has been abandoned and more sophisticated guidelines for transfusion 

therapyy have been proposed: transfusion is rarely indicated when Hb is 

greatergreater than 10 g/dl, and almost always indicated when less then 6 g/dl. 

Transfusionn for intermediate concentrations (6-10 g/dl) depends on the pa-

tient'ss risk for developing ischemic complications and, when appropriate, 

alternativess might be used.18 In other words, red blood cell transfusion 

shouldd be guided by individual physiologic signs of inadequate tissue oxy-

genationn rather than arbitrary hemoglobin levels.19 

Tissuee oxygenation 

Whenn the red blood cell volume of the blood is reduced, the oxygen-carrying 

capacityy of blood decreases and the oxygen transport to the tissues might get 

impaired.. However, it has been demonstrated that, as long as the circulating 

volumee remains constant, systemic oxygen delivery and oxygenation of the 

internall  organs and skeletal muscle can be preserved until a systemic he-

matocritt of around 20 %.20>21 During isovolemic anemia, organ oxygen 

deliveryy is maintained by an increase in cardiac output and organ blood flow, 

causedd mainly by an increase in venous return due to a decrease in blood 
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viscosityy and systemic vascular resistance, but to which is contributed by an 

increasedd sympathetic stimulation of the heart.22-23 

Withinn the organs, oxygen is delivered to the tissue by arteries, branching 

intoo a fine network of vessels ranging in diameter from 5 to 100 urn: the 

microcirculation.. Under physiologic conditions, there is considerable hetero-

geneityy in the distribution of red blood cell flow through the microcircula-

tion.. The packed cell volume within the smallest vessels, the capillaries, is 

veryy heterogeneous as well and can be up to six times lower than the sys-

temicc packed cell volume.24"26 Oxygen leaves the vessels by diffusion, not 

onlyy in the capillaries, but in the arterioles as well,27 and is absorbed by the 

tissuee cells, or by nearby venules.28 When the systemic packed cell volume 

iss reduced during isovolemic hemodilution, the red blood cell velocity and 

floww through the capillary bed increase,29^31 the precapillary diffusional 

oxygenn loss decreases,31-32 and the distribution of capillary flow becomes 

moree homogeneous.26-33 

Ann increase in blood flow appears to be the most important compensatory 

mechanismm during conditions of reduced hemoglobin levels. However, the 

increasedd cardiac output is redistributed in favor of organs which cannot 

readilyy increase their oxygen extraction, i.e., the heart and the brain.2134_36 

Inn the vascular beds of other organs, for example the gastrointestinal tract, 

thee blood flow does not increase following hemodilution37'40 and oxygen 

consumptionn is preserved by a more efficient oxygen extraction. 

Whenn the systemic oxygen delivery falls below a certain point, the com-

pensatoryy mechanisms become insufficient; oxygen consumption (VO2) be-

comess dependent on supply and decreases at the same rate as the DCX The 

pointt where this so-called state of oxygen supply dependency is reached 

duringg a decrease in systemic packed cell volume can be expressed as a criti-

call  hematocrit value, which has been reported for systemic oxygen con-

sumptionn during normovolemic hemodilution in both anesthetized ani-

mals39-41"444 and anesthetized humans.45-46 However, considering the 
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redistributionn of cardiac output, such a systemic critical value does not pro-

videe information about the tolerance of different organ systems for hemodi-

lution;; 39>43*47>48 determination of adequacy of tissue oxygenation requires 

locall  organ measurements.49 

Itt is not clear how the effect of reduced hematocrit and hemoglobin levels 

translatess itself to regional microcirculatory oxygenation. The amount of 

physicallyy dissolved oxygen in the microvessels, the microvascular P02, is a 

drivingg force for the diffusion of oxygen into the tissues. Thus, it can be hy-

pothesizedd that the microvascular PO2 can be considered as an important 

determinantt of tissue oxygen consumption. However, evidence to support 

thiss hypothesis has not been provided. In pig studies, intestinal oxygen con-

sumptionn and tissue PO2, using surface oxygen electrodes, were measured 

duringg hemodilution, but the results were inconclusive. During progressive 

hemodilution,, Haisjackl and colleagues observed no change in tissue P02, 

intestinall  02 consumption and O2 extraction,38 whereas Nöldge and col-

leaguess found an increase in the 02 extraction, maintaining the 02 consump-

tion,, while tissue P02 decreased.37 

Thee discrepancies between these studies might be explained by limita-

tionss imposed by the use of oxygen electrodes. Although the area of tissue, 

whichwhich is effectively measured by oxygen electrodes, has been estimated to 

bee about 15-20 urn deep, the origin of the measured oxygen is unknown,50 

andd it has been shown that oxygen electrodes are especially sensitive to 

changess in arterial oxygen content.51 Therefore, measurement of the 

microvascularr P02, using the oxygen dependent quenching of Pd-porphyrin 

phosphorescence,, might be more advantageous for the assessment of tissue 

oxygenation.522 This technique has a deeper penetration depth and, used in 

combinationn with an optical fiber, selectively measures the P02 in the capil-

lariess and the venules.5354 Comparison of the regional venous P02 to the 

microvascularr P02, as measured with this technique, allows a direct meas-
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urementt of the presence and severity of functional shunting of oxygen from 

thee microcirculation.50 

Aimm of the present thesis 

Thee overall goal of the work presented here was to investigate the effect of 

changess in the oxygen-carrying capacity of blood on the regional oxygena-

tion.. Several aspects of this effect were concentrated upon. When looking at 

thee microvascular PO2 and the regional venous PO? within a single organ: to 

whatt extent are these parameters related during an isovolemic decrease in 

packedd cell volume, and how are these parameters influenced by the mecha-

nismss preserving tissue oxygen consumption? 

AA critical point in oxygen delivery can be established for oxygen con-

sumption.. Is it possible to identify a critical hematocrit value for the 

microvascularr oxygenation as well? Despite the importance of the microvas-

cularr P02 as a determinant of tissue oxygen consumption, the relation 

betweenn microvascular P02 and tissue V02 under conditions of diminished 

oxygenn supply is not well documented. What are the critical hematocrit 

valuess at which the V02 and the microvascular P02 in an organ cannot be 

maintainedd by compensatory mechanisms during a progressive decrease in 

arteriall  oxygen content? 

Regardingg the simultaneous effects on different organs, how does the 

preferentiall  redistribution of oxygen supply, during a progressive decrease in 

hemoglobin,, influence the microvascular oxygenation in different organs? 

Doess the redistribution of the oxygen supply result in a preservation of the 

microvascularr P02 and the oxygen consumption of the vital organs (i.e., 

heartt and brain) as compared to the other organs? When the hemoglobin 

levell  is reduced, the arterial oxygen content can be increased by increasing 

thee amount of physically dissolved oxygen in the blood. However, it is not 

clearr how this intervention interacts with the compensatory mechanisms in-

ducedd by the low hemoglobin levels and whether this results in an improve-
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mentt of microvascular PO2 and tissue oxygen consumption during oxygen 

supplyy dependency. 

Furthermore,, what is the effect of red blood cell transfusion in terms of 

tissuee oxygenation? Transfusion of stored red blood cells is associated with a 

lowerr efficacy due to storage related function impairment. It can be hypothe-

sizedd that a decrease in red blood cell function is detectable especially on the 

microcirculatoryy level. Is it possible to restore microvascular PO2 and oxy-

genn consumption with transfusion of stored red blood cells? 

AnimalAnimal model 

Inn the studies presented here, two animal models were used. In both models, 

attentionn is focused on the intestinal microcirculation, because of the acces-

sibilityy of the intestines, and because the results of several investigations 

indicatee that the intestinal VO2 might be limited by supply at an earlier stage 

thann systemic VO2.39,55 Thus, this organ might be considered relatively 

sensitivee to conditions of decreased systemic 02 delivery.56 Because the pig 

modell  has already been described elsewhere,51'57 only the rat model is de-

scribedd here. 

Malee Wistar rats were anesthetized with an intraperitoneal injection of a 

mixturee of 90 mg kg"1 ketamine, 0.5 mg kg"1 medetomidine and 0.05 mg kg"1 

atropine.. Anesthesia was maintained with 50 mg kg"1 hour"1 ketamine intra-

venously.. To compensate for fluid loss, crystalloid solution was adminis-

teredd continuously at a rate of 15 ml kg"1 hour'. Body temperature was 

measuredd with a thermocouple placed in the rectum and was maintained at 

377  0.5 °C with a heating pad under and a warming lamp above the animal. 

Followingg tracheotomy, a PVC tube (Ch 6) was inserted in the trachea to 

enablee mechanical ventilation with a mixture of 30 % oxygen and 70 % 

nitrogen.. A heat and moisture exchanger (Humid-Vent Micro, Gibeck, Swe-

den)) was placed between the tracheal tube and the ventilator to diminish loss 

off  fluid through the mechanical ventilation. A capnometer (Capstar-100, 
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CWE,, Inc., Ardmore, USA) was used to measure end-tidal PCO2, in order to 

maintainn normocapnia. 

AA polyethylene catheter (outer diameter 0.9 mm) was inserted into the 

rightt jugular vein for intravenous administration of drugs and fluids. The tip 

off  the catheter was advanced near the right atrium for central venous blood 

sampling.. A similar catheter was placed into the right carotid artery and con-

nectedd to a pressure transducer for continuous monitoring of arterial blood 

pressuree and heart rate. For the hemodilution experiments, additional cathe-

terss of the same size were placed into the right femoral artery and vein for 

withdrawall  of blood and administration of fluid. 

Followingg midline laparotomy, a polyvinylchloride catheter (outer 

diameterr 0.9 mm) was placed into the urinary bladder to prevent distension 

off  the bladder wall during the experiment. The gut was exteriorized carefully 

andd a perivascular flow probe (type 1RB; Transonic Systems Inc., Ithaca, 

NY,, USA), was placed around the superior mesenteric artery. This probe 

wass connected to a flow meter (T206; Transonic Systems Inc., Ithaca, NY, 

USA).. When mesenteric venous blood sampling was required, an ileocecal 

veinn was isolated under the microscope, ligated distally and cannulated with 

aa polyethylene catheter (outer diameter 0.8 mm). The tip of this catheter was 

advancedd into the vessel in a proximal direction to have an estimate of the 

mesentericc venous blood gas values. All exposed organ surfaces were 

coveredd with plastic foil to prevent evaporative fluid loss. 

MicrovascularMicrovascular PO2 measurements 

Thee microvascular P02 was measured using the oxygen dependent quench-

ingg of Palladium(Pd)-porphyrin phosphorescence.53-5860 This technique is 

basedd upon the principle that a Pd-porphyrin molecule, when excited by a 

pulsee of light, can either release this absorbed energy as light (phosphores-

cence)) or transfer it to molecular oxygen. Thus, after the excitation of Pd-

porphyrinn by light, the decay of the phosphorescence is dependent on the 
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amountt of oxygen present. The relationship between the decay time and the 

oxygenn tension is given by the Stern-Volmer equation, in which calibration 

constantss allow the calculation of oxygen tensions from the measured decay 

times.533 The preparation of the compound determines the calibration con-

stantss and makes them pH insensitive. Therefore this technique requires no 

calibrationn prior to each measurement, unlike oxygen electrodes.53 By 

bindingg Pd-porphyrin to a large molecule such as albumin, the compound is 

confinedd mainly to the vascular compartment.5960 Because less oxygen 

resultss in longer decay times, the quenching of the phosphorescence is a 

sensitivee measurement for low oxygen concentrations, i.e. the presence of 

hypoxia. . 

Phosphorescencee is measured by a phosphorimeter, which can be at-

tachedd to a microscope to determine the P02 in single blood vessels of Pd-

porphyrinn infused animals. In vivo, this technique has been used to assess 

thee arteriolar, venular, and capillary P02 in hamster and mouse skinfold 

models,61-655 and in the skeletal muscle,60'66 and intestines of rats.54 

Too enable the measurement of P02 in areas not easily accessible to mi-

croscopes,, as well as in more clinically relevant animal models, such as the 

pig,677 an optical fiber can be attached to the phosphorimeter. The optical 

fiberr transmits the excitation light and the phosphorescence signal to and 

fromm the tissue surface. Fiberoptic measurements of microvascular P02 in-

corporatee blood vessels under the fiber over an area of approximately 1 cm2, 

too a penetration depth of about 0.5 mm.51'59 To determine which 

microvascularr compartment is measured by Pd-porphyrin fiber phos-

phorimetry,, the phosphorescence fiber technique has been compared with a 

microscopicc phosphorimeter.54 The P02 in the rat intestinal microcirculation 

wass measured in first order arterioles, venules, and capillaries at three 

differentt fractional inspired oxygen levels. Simultaneous P02 measurements 

withh the fiberoptic technique showed excellent correlation with 

microscopicallyy measured P02 in capillaries and first order venules, but not 
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withh arteriolar and venous P02 values.54 Thus, the values provided by the 

fiberfiber phosphorimeter represent predominantly the capillary and venular PO2, 

andd can be referred to as the microvascular PO2 (UPO2). For the 

simultaneouss measurement of 11PO2 in different regions, a multifiber 

phosphorimeterr has been developed.51-57 

Measurementss of J1PO2 in pigs demonstrated that the intestinal serosal 

uP022 values were comparable to the mesenteric venous P02 values during 

baseline,, but decreased to a larger extent during hemorrhagic shock.51-57 This 

discrepancyy between microvascular PCh and venous outflow P02 {PO2 gap) 

mightt indicate that at this stage O2 was being shunted from the intestinal 

microcirculation.. The P02 gap disappeared after administration of a hemo-

globinn based oxygen carrier.57 Furthermore, the uP02 was demonstrated to 

reflectt the balance between oxygen supply and consumption in Langendorff-

perfusedd pig hearts.68 The uP02 decreased when the myocardial work was 

increasedd during constant oxygen supply as well as when the oxygen supply 

wass decreased during constant myocardial work. 

Forr the uP02 measurements in the present studies, Pd-meso-tetra(4 car-

boxy-phenyl)porphinee (Porphyrin Products, Logan, UT, USA) was coupled 

too human serum albumin to form a large molecular complex. The Pd-por-

phyrinn solution was administered to the animals in a dosage of 12 mg kg"1 

bodyweight.. The microvascular PO2 measurements were made with one or 

moree optical fibers, which were placed near the surface of the organ of 

interest.. Because the calibration constants in the Stern-Volmer equation are 

temperaturee dependent, temperature measurements from the organ surfaces 

weree used for the correction of these constants. 
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Outlinee of this thesis 

Inn chapter 2, an overview is presented of the techniques, that can be used to 

monitorr hemodynamic and oxygenation parameters during isovolemic 

hemodilution.. In chapter 3, the effect of a moderate decrease in hematocrit 

onn intestinal microvascular P02 and mesenteric venous P02 is investigated, 

inn order to study how these parameters are influenced by the mechanisms 

preservingg the intestinal VO2. The study in chapter 4 was designed to de-

terminee the critical points at which the intestinal VO2 and microvascular P02 

couldd not longer be maintained by compensatory mechanisms during 

extremee hemodilution in the rat, and to relate these two parameters during 

adequatee intestinal oxygenation and oxygen supply dependency. In chapter 

5,, the microvascular P02 is measured simultaneously in the heart, kidney, 

andd intestines of the rat during extreme hemodilution, to determine the 

functionall  effects of hemodilution on regional oxygenation. Chapter 6 

providess information on the effects of hemodilution and subsequent 

hyperoxiaa on systemic and regional hemodynamic and oxygenation 

parameterss in a pig model. In chapter 7, a clinical case report is presented of 

aa patient with chronic polycythemia, undergoing isovolemic hemodilution. 

Inn chapter 8, the acute effects on rat intestinal 02 consumption and 

microvascularr P02 are compared for transfusion of either RBCs stored for 28 

dayss or fresh RBCs after hemorrhagic shock. Finally, in chapter 9, the main 

findingss and conclusions of the foregoing chapters are summarized. 
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