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Introduction 
 

The haemodynamic profile of patients in shock is determined by the interactions 

between macrocirculation, microcirculation and cellular component and may change 

depending on the time point at which it is analysed. Most recommendations for 

resuscitation in patients with shock are directed towards assessment and optimization of 

macrocirculatory parameters, with the end purpose of restoring tissue perfusion and 

maintaining cellular homeostasis [1]. However, the dissociation of the three compartments 

- macrocirculatory, microcirculatory and cellular - is present in shock, and the optimization 

and restoration of physiological parameters of microcirculation and blood flow at this level 

do not always depend on macrocirculatory optimization [2].  

Microcirculatory changes in cardiac surgery are the result of the haemodilution and the 

inflammatory syndrome associated with cardiopulmonary bypass (CPB) [3]. As in shock, 

changes observed in the microcirculation may persist irrespective of the correction of 

macrocirculatory parameters [2-3], as they are dependent on complex and incompletely 

described interactions between endothelium, glycocalyx and local rheological conditions.  

Among the factors that determine and regulate blood flow at the microcirculatory level, 

haemorheology remains probably one of the most neglected areas in clinical literature 

today, particularly in the case of shock or cardiac surgery.  

 

General Part 
 

Chapter 1 of the PhD thesis reviews the main concepts related to haemorheology, 

focusing on the determinants of haemorheological parameters (Subchapter 1.1) and on the 

relationship between their changes and the risk of cardiovascular events (Subchapter 1.2). 

Blood exhibits characteristics similar to a non-Newtonian fluid, and whole blood viscosity 

(WBV) values change with shear rate and depend on cellular and plasma factors [4]. The 

aggregation and deformability of red blood cells are the main determinants of blood flow 

characteristics in large vessels, and plasma viscosity (PV) is the main determinant of blood 

flow resistance in the microcirculation [5-6]. Unlike blood, plasma has the characteristics 

of a Newtonian fluid [4]. The main factors influencing the PV value are total protein 

concentration and fibrinogen concentration [4]. The PV value is modulated by the presence 

of chronic and acute pathophysiological conditions. In subjects with altered 
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haemorheological parameters, the increased stress applied to the vascular wall induces 

endothelial injury, vascular remodelling and triggers the process of atherosclerosis [7]. 

Chronically elevated WBV and PV values are associated with the presence of 

cardiovascular risk factors and the occurrence of adverse cardiovascular events [8]. 

Chronic effects of exercise can be considered a haemorheological fitness that protects 

against cardiovascular disease [9].  

 

Chapter 2 describes the relationship between haemorheological parameters and 

microcirculation, focusing on changes in microcirculation and haemorheological 

parameters in patients in shock (Subchapter 2.1) and in patients undergoing cardiac surgery 

(Subchapter 2.2).  The microcirculation is a complex vascular network involved in the 

regulation of blood flow, tissue perfusion and the exchange of oxygen, carbon dioxide, 

nutrients and metabolites between blood and surrounding tissues [10]. Short-term control 

of blood flow in the microcirculation is achieved through a self-regulatory phenomenon, 

determined by the interaction between the neural response, myogenic response and local 

metabolic and rheological conditions [11]. Endothelial cells respond to local rheological 

conditions mainly by increasing nitric oxide production and release, which induces local 

vasodilation [11-12], and PV-induced shear stress on the capillary wall can influence local 

blood flow through changes in cytoskeleton and cytoplasmic viscosity of endothelial cells 

[13]. In critically ill patients, alteration of the balance between locally released vasodilators 

and vasoconstrictors, the presence of proinflammatory mediators and the occurrence of 

intravascular microthrombosis lead to endothelial barrier disruption, decreased self-

regulatory capacity of microcirculation and tissue hypoperfusion [14-15].  

In shock, microcirculation is characterized by the presence of vascular dysfunction 

associated with heterogeneous blood flow distribution (coexistence of capillaries with 

blocked, intermittent, normal or increased flow) [16], along with shock-induced 

endotheliopathy, altered glycocalyx and increased capillary permeability [17]. The 

literature describes four phenotypes of microcirculatory dysfunction (distributive, anaemic, 

obstructive and hypoperfusion) that characterize or may coexist in different types of shock 

[2] and are associated with mortality [18]. Together, these macrocirculatory and 

microcirculatory changes form the basis of altered haemodynamic parameters, resulting in 

uncoupling of macrocirculation and microcirculation and worsening of organ dysfunction 

despite correction of macrocirculatory parameters [2]. In addition, therapies that are 

directed at correcting macrocirculatory parameters in shock, such as fluid administration 
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and use of vasoactive medication may also lead to worsening of microcirculatory shock 

[19-20]. Haemodilution following fluid administration also results in a decrease in WBV 

and PV, resulting in a decreased release of vasodilator mediators by endothelial cells [13, 

21]. The return to normal values of rheological parameters, irrespective of increased 

oxygen-carrying capacity secondary to transfusion, is more important for maintaining 

microcirculatory parameters due to stimulation of local nitric oxide and prostacyclin 

release [21]. Fluid resuscitation with high viscosity solutions leads to the progressive 

improvement of capillary blood flow and maintenance of functional capillary density 

(FCD) consequent to increased PV values [22], but their use is limited by the risk of renal 

injury [23]. Vasoconstrictor medication can cause arteriolar vasoconstriction and 

microcirculatory derecruitment by the stagnation of blood flow at the capillary level, with 

the occurrence of microcirculatory tamponade phenomena [2, 20]. 

In cardiac surgery, haemodynamic changes induced by CPB can lead to tissue 

hypoperfusion. The microcirculation has a profile independent of the macrocirculation 

profile, the most common phenotypes being type II (anaemic) and IV (hypoperfusion) [3]. 

The two major events associated with CPB are the change of the circulatory profile from 

pulsatile to non-pulsatile blood flow and the induction of a systemic inflammatory 

response. These two events can acutely decrease the PV value and reduce the FCD [2] in 

CPB, leading to the onset of organ dysfunction. Non-pulsatile blood flow leads to reduced 

perfusion in the microcirculation [24] and it is associated with decreased nitric oxide 

activity [25], suggesting a deterioration of microcirculatory conditions. The change in 

circulatory profile is associated with varying degrees of hypotension, haemodilution, 

anaemia, hypothermia and hyperoxia. Fluid administration may result in the recruitment of 

the microcirculation [26], but excessive administration and hypervolemia may cause tissue 

oedema, particularly in the presence of the inflammatory syndrome, endothelial barrier 

disruption and increased capillary permeability [17]. Normovolemic haemodilution caused 

by the use of CPB circuit priming solutions and the fluid administration for maintaining 

adequate flow during CPB has two distinct consequences resulting in decreased tissue 

oxygen-carrying capacity. First, normovolemic haemodilution is associated with the 

development of dilution anaemia and increased oxygen diffusion distance between 

capillaries with continuous blood flow and tissues [2]. Second, a decrease in the value of 

rheological parameters, and in particular PV, results in decreased flow-dependent self-

regulatory capacity of the microcirculation through decreased nitric oxide production and 

release by endothelial cells [22, 27]. The anaemia caused by cardiac surgery-associated 
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haemodilution is one of the factors involved in the development of postoperative acute 

kidney injury [28], but the mechanism of this association is unclear. Increased haematocrit 

following red blood cell transfusion improves local microcirculatory conditions, leading to 

an increased number of perfused capillaries and increased tissue oxygenation, the likely 

mechanism being the increase in WBV [22]. However, the maintenance of the PV value, 

even in extreme anaemia, is associated with maintenance of tissue perfusion by 

maintaining blood flow and FCD in the microcirculation [5, 22, 28], and the adverse 

effects of reduced FCD on tissue perfusion in the context of haemodilution are 

counteracted by an increase in PV [5]. The heterogeneity of microcirculatory blood flow 

distribution is the most probable factor associated with tissue hypoperfusion during CPB 

[5-6], since FCD is independent of oxygen-carrying capacity [21]. The systemic 

inflammatory syndrome results from blood exposure to major components of the CPB 

system, and its presence contributes to organ dysfunction in the postoperative period, 

particularly in acute kidney injury and acute respiratory distress syndrome [29-30]. 

Endothelial dysfunction, impaired glycocalyx structure and increased capillary 

permeability play a central role in inflammatory syndrome-induced microcirculation 

changes [31-32]. Microcirculation changes described in cardiac surgery are the result of 

complex interactions between endothelium, glycocalyx and local haemorheological 

conditions. Currently, there is no study evaluating preoperative, intraoperative and 

postoperative changes in PV, the main determinant of capillary blood flow, in cardiac 

surgery. 

 

Personal contributions 
 

The importance of PV for microcirculation regulation is documented in detail in the 

experimental literature [5-6]. Several important observations extracted from the review of 

this literature are relevant for clinical practice: 

- the PV values vary very little between different animal species and between 

individuals of the same species and at different times [33], suggesting that PV has 

physiological regulatory mechanisms ensuring a tight control; 

- the PV value maintenance is associated with FCD maintenance even when 

haemoglobin values are low in various models of normovolemic haemodilution [5-

6]; 
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- decreasing PV values below the 1.2 cP limit can lead to decreased FCD and organ 

hypoperfusion [6, 34]. 

These experimental observations stress the importance of PV in controlling and 

regulating microcirculation. However, few data in the literature investigate PV changes in 

the clinical setting, with most studies being conducted more than 25 years ago [35]. 

 

The main objective of this thesis was to investigate the time-dependent profile of PV, 

its main determinants (total protein and fibrinogen) and haemoglobin in cardiac surgery 

with CPB, being the first study of its kind.  

The secondary objectives of this thesis were the following: 

- The description of the coefficient of variation and percentage changes in 

perioperative PV values in a cohort of cardiac surgery patients, since the literature 

describes small interindividual variations of PV values compared to other 

parameters such as total protein, fibrinogen or haemoglobin concentrations; 

- The description of the sources of variation of PV values in the preoperative setting, 

at the end of CPB and on day 6 postoperatively; 

- The identification of possible differences in postoperative outcome between 

patients with PV values lower than 1.2 cP and patients with PV values higher than 

1.2 cP. 

The prospective, observational studies included in the PhD thesis were conducted in 

the Emergency Institute for Cardiovascular Diseases Prof. Dr. C. C. Iliescu, Bucharest, 

between 1st 2020 and 31st May 2021 and included 50 patients undergoing cardiac surgery 

with CPB. The studies were approved by the Ethics Committee of the Emergency Institute 

for Cardiovascular Diseases Prof. Dr. C. C. Iliescu (registration number 22927 dated 

1.10.2018) and patients were included in the study after obtaining the informed consent. 

The exclusion criteria were patient refusal to participate in the study and absence of sinus 

rhythm. The choice of cardiac surgery patients was based on the fact that two stimuli of 

similar amplitude occur during cardiac surgery in all patients. The first stimulus is the 

acute normovolemic haemodilution at the time of CPB initiation due to the priming 

volume of the circuit, and its presence allowed us to assess the impact of acute 

haemodilution on PV values. The second stimulus, the presence of which allowed for the 

assessment of PV changes in the postoperative period, is represented by the inflammatory 

syndrome associated with the surgery itself and CPB in particular that may appear as early 

as intraoperatively and persist in the first postoperative days. Intraoperatively, the patients 
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received standard and invasive monitoring, intravenous anaesthetic induction was 

performed with fentanyl, propofol and rocuronium, and the maintenance of anaesthesia 

was performed with sevoflurane before and after CPB, respectively with fentanyl and 

propofol in continuous intravenous administration during CPB. The depth of anaesthesia 

was monitored using a bispectral index to avoid anaesthetic underdosage or overdosage, 

and echocardiography was used throughout the perioperative period to assess the volemic 

status and cardiac output and to guide fluid administration and vasoactive therapy. The 

CPB circuit was primed with 1000 ml of crystalloid solution (Ringer lactate) and 500 ml of 

5% succinylated gelatine for all patients included in the study. The viscosity of the priming 

solution was measured at 38 degrees Celsius, with a value of 0.75 cP. Mean blood pressure 

values above 65 mmHg during CPB were preferentially maintained by increasing pump 

flow to an index of 2.8 litres/m2/minute, followed by the administration of vasoconstrictor 

medication. For each patient included in the study, the demographics (age, sex, height, 

weight, body mass index), presence of cardiovascular risk factors (smoking, hypertension, 

diabetes, dyslipidaemia), type of surgery, urgency of surgery, EuroSCORE II risk score, 

duration of CPB, duration of aortic cross-clamping, duration during CPB in which mean 

blood pressure was less than 65 mmHg, duration of postoperative mechanical ventilation 

and duration of ICU stay were recorded. In the study protocol, ten distinct time points were 

defined for patient assessment: T0 - preoperative time, T1 - before initiating the CPB, T2 - 

the end of CPB, T3 - the end of surgery/ ICU admission, T4 - T9 - days 1-6 

postoperatively. For each of these time points the following values were recorded: 

temperature, blood pH, serum lactate, haemoglobin, serum urea, serum creatinine, C-

reactive protein, PV, total protein and plasma fibrinogen concentration. For each interval 

between two consecutive time points (T1-T0, T2-T1, T3-T2, T4-T3, T5-T4, T6-T5, T7-T6, 

T8-T7, T9-T8) the type and volume of administered fluid (crystalloid, colloid, allogenic 

blood products, fibrinogen), diuresis, haemofiltration use and haemofiltrate volume were 

recorded. The APACHE II severity score was calculated for T3 time point (ICU 

admission), and the SOFA score was calculated for each time point from T3 onwards. The 

total protein concentration, plasma fibrinogen and PV value were determined on both 

EDTA anticoagulant and citrate anticoagulant sampling tubes to obtain quantitative results 

for all three parameters, irrespective of the anticoagulant used in the sampling tube. The 

PV values were determined on a VROC automatic viscometer (RheoSense, California, 

USA) at patient temperature using the viscometer-adapted temperature stabilizer 

(RheoSense, California, USA).  
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The characteristics of the patient cohort were analysed for electively operated patients 

compared to emergency operated patients. The statistically significant differences between 

these two groups were observed in the percentage of active smoking patients (13.95%, n=6 

versus 57.14%, n=4, p=0.02) and the APACHE II score at ICU admission (9.6 ± 3.0 versus 

9.1 ± 3.0, p=0.01). No other statistically significant differences in preoperative, 

intraoperative or postoperative characteristics of elective or emergency patients were 

revealed. 

 

Chapter 5 describes the perioperative trajectory, coefficients of variation and 

percentage changes in PV values, total protein concentration, fibrinogen concentration and 

haemoglobin values in patients undergoing cardiac surgery.  

The lowest absolute values for PV (EDTA: 1.3 ± 0.15 cP, citrate: 1.23 ± 0.15 cP), total 

protein (EDTA: 4.37 ± 0.75 g/dL, citrate: 3.83 ± 0.65 g/dL), fibrinogen (EDTA: 1.96 ± 

0.46 g/L, citrate: 2.06 ± 0.59 g/L) and haemoglobin (8.42 ± 1.27 g/dL) were observed at 

the end of CB, following acute normovolemic haemodilution during CPB. Starting from 

the preoperative time point, PV reached a statistically significantly lower value at the end 

of CPB (RANOVA, p<0.001), then progressively increasing until postoperative day 6 and 

reaching a value that was not statistically significantly higher than the value at the 

preoperative time point. The total protein concentration was statistically significantly lower 

at the end of CPB (RANOVA, p<0.001) compared to the preoperative time point, then 

progressively increasing postoperatively to a statistically significantly lower value 

compared to the preoperative time point (RANOVA, p<0.001). This is consistent with the 

presence of acute haemodilution during CPB. Compared to the preoperative value, 

fibrinogen concentration was statistically significantly lower at the end of CPB 

(RANOVA, p<0.001) and reached a statistically significantly higher value on 

postoperative day 2 (RANOVA, p<0.001), thereafter the trajectory having a plateaued 

appearance. This appearance is consecutive to the presence of CPB-associated 

inflammatory syndrome in the first postoperative days. The haemoglobin concentration 

reached the absolute minimum mean value at the end of CPB, and the values subsequently 

stabilized until the end of the postoperative follow-up period, with a value statistically 

significantly lower compared to the preoperative time point (RANOVA, p<0.001). This 

trajectory reflects intraoperative haemodilution, perioperative bleeding and inflammation-

induced anaemia in the postoperative period. PV, total protein, fibrinogen and 

haemoglobin exhibit similar trajectories in the context of cardiac surgery with CPB, 
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reflecting changes induced by the presence of haemodilution and inflammatory syndrome 

in the perioperative period of cardiac surgery (Figures 1a and 1b). The PV values were 

statistically significantly higher for patients operated on in emergency compared to those 

operated on electively for the preoperative time point only for determinations performed 

on EDTA anticoagulant medium (1.49 ± 0.14 cP versus 1.71 ± 0.21 cP, p=0.04), and the 

difference was not observed for any other subsequent time point (T1-T9). Also, no 

statistically significant difference was observed for any of the T0-T9 time points in the PV 

value between patients who received intraoperative haemofiltration and patients who 

didn’t receive intraoperative haemofiltration. 

During the perioperative period, very small values were demonstrated for the 

interindividual coefficients of variation and percentage changes in PV, both for the 

preoperative time and following acute intraoperative haemodilution and the inflammatory 

syndrome in the postoperative period (Table 1). The overall coefficient of variation of 

fibrinogen was the only one statistically significantly higher compared to the overall 

coefficient of variation of PV (ANOVA, p<0.05). The coefficients of variation were not 

statistically significantly different for total protein and haemoglobin compared to PV 

coefficients of variation at preoperative and postoperative time points, but only at the end 

of CPB (ANOVA, p<0.05) due to acute haemodilution. The fibrinogen coefficients of 

variation were statistically significantly higher compared to PV coefficients of variation 

preoperatively (ANOVA, p<0.05), at the end of CPB (ANOVA, p<0.05) and 

postoperatively (ANOVA, p<0.05). these differences were observed for both EDTA and 

citrate measurements. 

PV showed the lowest overall percentage changes (EDTA: 6.50%, citrate: 5.10%) 

compared to total protein (EDTA: 18.80%, citrate 17.80%, RANOVA, p<0.001), 

fibrinogen (EDTA 36.20%, citrate 47.30%, RANOVA, p<0.001) and haemoglobin 

(27.40%, RANOVA, p<0.001) for both EDTA and citrate measurements. 

These aspects confirm data from the experimental literature and indicate that PV is 

tightly controlled within a narrow range of values, even in the context of acute 

haemodilution, the presence of inflammatory syndrome and increased variations in PV 

determinants (total protein concentration and fibrinogen concentration). The reasons and 

factors that determine this tight control of the PV value are not known, but some 

experimental data report protein conformation, pH and temperature as possible factors 

involved in viscosity change [36]. 
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Figure 1a. Perioperative trajectories of haemoglobin, VP, total protein and  

fibrinogen (EDTA) 

Legend: T0 – preoperative; T1 – start CPB; T2 – end CPB; T3 – end of surgery;  

T4-T9 – postoperative day 1-6 

 

 

Figure 1b. Perioperative trajectories of haemoglobin, VP, total protein and  

fibrinogen (citrate) 

Legend: T0 – preoperative; T1 – start CPB; T2 – end CPB; T3 – end of surgery;  

T4-T9 – postoperative day 1-6
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Table 1. Coefficients of variation (%) for PV, total protein, fibrinogen and haemoglobin for T1-T9 time points compared to T0 time point 

 

                             Time 

    

Variable 

T0 

(preop) 

T1 

(start 

CPB) 

T2 

(end 

CPB) 

T3 

(end 

surgery) 

T4 

(1st 

POD) 

T5 

(2nd 

POD) 

T6 

(3rd 

POD) 

T7 

(4th 

POD) 

T8 

(5th 

POD) 

T9 

(6th 

POD) 

Mean  

± SD 

EDTA plasma  

viscosity (%) 

10.44 11.34 11.89 9.91 13.45 11.25 11.39 12.34 11.06 9.98 11.3 ±  

1.08 

p value  

(versus T0)1 

- 0.56 0.37 0.71 0.08 0.60 0.54 0.25 0.69 0.76 - 

Citrate plasma 

viscosity (%) 

9.99 10.65 12.52 11.25 12.99 11.68 10.26 16.18 15.28 10.44 12.12 ±  

2.14 

p value  

(versus T0)1 

- 0.65 0.12 0.41 0.07 0.28 0.85 0.004 0.005 0.76 - 

EDTA total protein  

(%) 

8.52 9.23 17.11# 13.53# 14.63 11.88 9.25 10.45 9.74 10.36 11.47 ± 

2.79 

p value  

(versus T0)1 

- 0.58 <0.001 0.001 0.003 0.023 0.57 0.16 9.35 0.17 - 

Citrate total protein  

(%) 

8.27 9.17 16.88# 14.01# 14.39 11.42 8.39 10.56# 9.78# 10.72 11.35 ±  

2.85 

p value  

(versus T0)1 

- 0.47 <0.001 0.003 0.002 0.002 0.92 0.09 0.24 0.07 - 
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EDTA fibrinogen  

(%) 

17.48# 15.83# 23.37# 20.70# 18.59# 12.76 15.37# 13.36 14.02# 15.06# 16.65 ±  

3.39* 

p value  

(versus T0)1 

- 0.50 0.05 0.25 0.67 0.02 0.38 0.08 0.13 0.31 - 

Citrate fibrinogen  

(%) 

20.40# 19.94# 28.56# 24.16# 20.66# 16.97# 17.49# 16.67 17.44# 18.26# 20.05 ±  

3.76* 

p value  

(versus T0)1 

- 0.95 0.02 0.26 0.93 0.21 0.30 0.17 0.29 0.45 - 

Haemoglobin  

(%) 

13.30 15.36# 15.00# 13.48# 12.55 12.35 11.07 10.15 9.25 9.10 12.16 ±  

2.22 

p value  

(versus T0)1 

- 0.32 0.41 0.92 0.69 0.61 0.21 0.06 0.01 0.01 - 

Abbreviations: SD = standard deviation; EDTA = Ethylenediaminetetraacetic acid; 1st POD-6th POD – postoperative day 1-6. 
1The p value refers to comparisons with preoperative coefficient of variation for each time point, for each variable separately. *Statistically 

different global coefficient of variation compared to global coefficients of variation for PV, total protein and haemoglobin (p<0.05). 
#Statistically different coefficient of variation compared to coefficient of variation for PV at the same time point. The coefficients of variation 

for all variables for all time points were compared using one-way ANOVA test.  
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Chapter 6 describes the sources of variation of the PV value for preoperative, end of 

CPB and day 6 postoperatively. Patients operated on in emergency had statistically 

significantly higher preoperative PV values compared to electively operated patients 

(EDTA: 1.49 ± 0.14 cP versus 1.71 ± 0.21 cP, p=0.04). The urgency of surgery may 

indicate the presence of a large number of therapeutically uncontrolled cardiovascular risk 

factors, the cumulative effect of which results in an increased PV value. Contrary to data 

reported in the literature, no statistically significant differences were observed in this 

cohort between preoperative PV values according to age, sex or preoperative presence of 

cardiovascular risk factors such as active smoking, hypertension, dyslipidaemia or 

diabetes. Furthermore, the presence of cardiovascular risk factors was not associated with 

preoperative PV value. The total protein concentration was the only factor associated with 

PV values preoperatively (EDTA: B=0.052, 95% CI [0.008-0.169], p=0.028; citrate: 

B=0.095, 95% CI [0.015-0.176], p=0.022), at the end of CPB (EDTA: B=0.105, 95% CI 

[0.003-0.210], p=0.043; citrate: B=0.087, 95% CI [0.018-0.155], p=0.014) and 

postoperatively (EDTA: B=0.130, 95% CI [0.070-0.189], <0.001; citrate: B=0.112, 95% 

CI [0.042-0.182], p=0.002) in multivariate linear regression analysis. The total protein 

concentration was also the main determinant of PV value in the linear mixed model 

analysis. In univariate linear regression analysis, fibrinogen concentration was associated 

with the PV value preoperatively, at the end of CPB and postoperatively, but this 

relationship did not hold in multivariate linear regression analysis. This result is 

contradictory to data in the literature showing that the PV value may be influenced by 

fibrinogen concentration in the inflammatory syndrome in some animal species [33]. CPB 

duration and intraoperative haemofiltrate volume were associated with the PV value in 

univariate linear regression analysis, but the association did not hold in multivariate linear 

regression analysis. Given that CPB and haemofiltration play an important role in the 

degree of intraoperative haemodilution, the absence of these associations should be 

interpreted with caution given the possible lack of statistical power of the study. The value 

of C-reactive protein as an indicator of postoperative inflammatory syndrome was not 

associated with the PV value for the postoperative time point, but the absence of this 

association may be related to the possible lack of statistical power of the study. 

 

Chapter 7 assesses the impact of the PV value on postoperative outcome in cardiac 

surgery patients. The study does not find a statistically significant difference in terms of 

length of stay in the ICU, peak perioperative creatinine value or lactate value at the end of 
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CPB between patients with PV values less than 1.2 cP and patients with PV values higher 

than 1.2 cP at the end of CPB. Also, no significant difference was observed between the 

25% and 75% quartiles of the ICU length of stay when compared according to the PV 

values at T0, T2 and T9. The lack of these statistically significant differences can be 

explained by the small number of patients included in the study and the fact that, due to the 

exploratory nature of the main objective, no statistical power analysis was performed prior 

to the investigation. The lack of a significant relationship between the 1.2 cP critical value 

of PV and the postoperative outcome of patients undergoing cardiac surgery also suggests 

that a large number of patients or the presence of extreme pathological conditions (massive 

haemodilution, exsanguination), similar to those in experimental studies, which are 

difficult to replicate in clinical trials, would be required in the attempt to demonstrate this.  

 

The choice of the ideal calcium chelator for measuring PV, total protein concentration 

and fibrinogen concentration from the same sample tube remains an open discussion. Both 

samples using citrate and samples using EDTA as an anticoagulant can be used for 

measuring fibrinogen concentration and total protein concentration. The application of 

correction coefficients is necessary for the measurement of total protein concentration for 

determinations on citrate anticoagulant and for the measurement of fibrinogen 

concentration for determinations on EDTA anticoagulant, respectively [37]. The PV value 

is not significantly influenced by sampling on EDTA or citrate anticoagulant [37]. 

Although differences in PV, total protein and fibrinogen values measured from tubes with 

EDTA or citrate anticoagulant were identified in this study, the perioperative trajectories of 

the three parameters analysed were similar irrespective of the anticoagulant used in the 

sampling tube. Moreover, total protein concentration was the only factor linked with the 

perioperative PV value in multivariate linear regression analysis and in mixed linear model 

analysis, regardless of the calcium chelator used for sampling and processing. Most PV 

values lower than 1.2 cP were measured in samples using citrate anticoagulant. These 

aspects may be important for the methodology of future studies investigating the 

relationship between the PV values and microcirculatory changes or postoperative course 

of patients. 
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Conclusions and Personal Contributions 
 

This thesis reports the first study in the literature describing the trajectory of PV in the 

context of haemodilution and CPB-associated inflammatory syndrome. The study 

demonstrates that PV is tightly controlled within a narrow range of values even in the 

presence of these two acute events, but the factors or mechanisms that determine the tight 

control of the PV value, irrespective of variations in total protein concentration and 

fibrinogen concentration, are not known. 

The total protein concentration is the main determinant of the PV value. This implies 

that a decrease in total protein concentration can be considered a surrogate for a decrease 

in the PV value in the perioperative period of cardiac surgery. 

Although a significant relationship between the 1.2 cP critical value of PV and the 

occurrence of organ dysfunction in the postoperative period has not been demonstrated, 

FCD and other parameters used to assess microcirculation could be altered following 

changes in PV, before microcirculation alteration is evident clinically or by laboratory 

determinations of tissue hypoperfusion markers and thus before the onset of organ 

dysfunction. 

The results of the present study will facilitate the design of observational/interventional 

studies that will analyse the statistical relationship between absolute or relative changes in 

PV, FCD as an indicator of microcirculatory conditions, and organ dysfunction. 
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