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ABSTRACT 

Introduction 

 

The need to add Packed Red blood cells (PRBC) to the Cardio Pulmonary Bypass 

(CPB) circuit prime cause unphysiological acid-base, electrolyte and metabolite 

values.  The main reason why filtering techniques are used prior to paediatric cardiac 

bypass are to prepare a nearly physiological priming solution.  It has become 

standard practice to wash PRBC before adding it to neonate CPB.   

 

Aim  

 

The aim was to measure and compare pH, electrolytes, metabolites, Haematocrit 

and Haemoglobin of packed RBC, washed with either Balsol or Ringers Lactate.  

 

Methodology 

 

A series of 20 units of packed RBC’s was used and randomised to a Balsol group 

(control group) and a Ringers lactate group (interventional group) according to a 

randomisation list. A blood sample was obtained pre and post wash and analysed.   

 

Results 

In both groups there was a significant decrease in Potassium (K+), Sodium (Na+), 

Glucose, Haematocrit and Haemoglobin.  In the Ringers Lactate group there was a 

significant increase in Partial pressure of Oxygen (pO2) and Calcium (Ca2+). In the 

Balsol group there was a significant increase in pH.  There was a statistically 

significant difference in the percentage change between the two groups for pH, 

Partial pressure of Carbon dioxide (pCO2), pO2, Ca2+ and Lactate. 

Conclusion 

The pCO2, pO2, Ca2+, Lactate and Bicarbonate (HCO3-) is closer to physiological 

values in the Ringers Lactate group and the pH, K+ and Cl- is closer to physiological 

values in the Balsol group.  Glucose, Na+, Hct and Hb changed to the same extend 

in both groups. 

(N=250 words) 
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CHAPTER 1 

Introduction 

 
Cardiac Surgery and Extracorporeal Technology have developed considerably since 

the mid 1950’s, but the advent of cardiac surgery performed under extra corporeal 

circulation gave rise to an enormous demand for homologous blood. 

 

Perceptions of blood transfusions have changed as it has become appreciated that 

transfusions are not without risk.  Stored Red blood cells undergo time dependant 

metabolic, biochemical and molecular changes which eventually result in irreversible 

damage, defined as “storage lesions” responsible for many adverse effects of red 

blood cell transfusion.  Improvement in techniques have allowed for a storage period 

of 42 days for homologous blood.  (Offner, 2004)  

 

A study conducted by Koch et al. (2008) examined data from 2872 patients given red 

blood cell transfusions for coronary artery bypass grafting (CABG) or heart valve 

surgery or both between 1998 and 2006.  The results demonstrate that patients 

receiving stored blood older than 2 weeks had a significantly increased risk of post-

operative complications as well as reduced short term and long term survival. 

 

Although meticulous improvement of surgical skills, extracorporeal circulation and 

post-operative management have contributed to a marked reduction in morbidity and 

mortality, the development  of cardiac surgery to its present day would not have 

been possible without homologous blood substitution.  (Pillay et al 2015) 

 

Paediatric Cardiopulmonary Bypass (CPB) involves a high ratio of prime volume to 

patient blood volume.  The need to add packed Red Blood cells to the CPB circuit 

prime may lead to unphysiological acid-base, electrolyte and metabolite values far 

outside the normal range.   

 

Two Main reasons why Filtering Techniques are used prior to during or at the end of 

paediatric cardiac bypass are: 

 

1. To prepare a nearly physiological priming solution and therefore avoid 

potentially harmful acid-base and electrolyte disturbances during initiation of 

CPB. 

2. To impact favourably on the unwanted inflammatory response by eliminating 

pro-inflammatory mediators. (Osthaus et al 2009) 

 

Massive and Rapid transfusion of RBC’s may lead to substantial load of hydrogen 

ions, Carbon dioxide (CO2) and potassium associated with haemodynamic instability 

caused by acid base and electrolyte disorders. 

These problems are mainly caused by the preservative solution and worsen during 

storage.  Many different methods have been developed, such as cell saver washing 
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of RBC’s or ultrafiltration of priming fluid in order to reduce these disturbances.  

(Osthaus et al 2009) 

 

It has also become standard practice to wash donor packed red blood cells before 

adding it to neonate CPB.  (Swindell et al 2007) 

 

At Universitas Hospital Paediatric CPB involves packed Red blood cells washed with 

Balsol, a balanced electrolyte solution, before adding it to a priming solution. 

 

Aim and Objectives 

 

This was a prospective Randomised Controlled Trail to analyse and compare the 

quality of Packed Red blood cells that had been washed in a cell saver, with either 

Balsol or Ringers Lactate, both balanced crystalloid solutions to use as priming for 

CPB for elective Paediatric Cardiac Surgery. The primary objective of the study was 

to measure and compare pH, electrolytes, metabolites, Haematocrit (Hct) and 

Haemoglobin (Hb) of packed red blood cells (PRBC), which was washed with either 

Balsol or Ringers Lactate. The secondary objective of this study was to determine if 

any value was influenced negatively or changed at all after packed Red Blood Cells 

was washed with either Balsol or Ringers Lactate. 
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CHAPTER 2 

LITERATURE REPORT 

Autologous Cell Salvage Systems 

 

 

Figure 1: Schematic flow through an autologous cell salvage system 
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Table 1: Components and function of an Autologous Cell Salvage Systems (ACSS) 

 

The components of an ACSS are required to accomplish four steps: 

1. Collection and anticoagulation of shed blood:  proper techniques should be 

applied in the collecting of shed blood to reduce RBC trauma.  The system 

should be anticoagulated at all times to prevent clotting of blood in the 

system. 

2. Filtering:  blood must pass through a filter to remove large particles such as 

fat and fibrin.  This will aid the centrifuging and washing process. 

3. Centrifugation:  separates low molecular weight and high molecular weight 

substances, and channels the low molecular weight substances into the waste 

container.  Basically this fractionates RBC from other components of shed 

blood. 
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4. Washing: isotonic solution is introduced to carry away remaining activated 

coagulation factors, free haemoglobin, heparin, and proteolytic enzymes 

during further centrifugation.  Thereafter, the RBC re-suspension can be 

collected for reinfusion. 

(Pillay, 2015) 

CELL SALVAGE PROCEDURE 

 

Installed identically for each case according to SORIN / XTRA operators manual 

protocol.  (SORIN / XTRA operators Manual 2011) 

 

 

Three Protocols can be used as described in Appendix M 

- Popt 

- Pstd 

- Pfat 

 

Three Phases:-    Fill phase 

- Wash phase All protocol except Pfat are carried out through the 

- Empty phase execution of 3 phases in this sequence.  

 

The intra operative Pstd Protocol is used at Universitas and consists of the following: 

 

First Blood is taken up from extra corporeal circuit (the packed RCB) and treated 

with an anticoagulant. The anticoagulant used is Sodium Heparin 25 000 IU per 

1000ml Balsol / Ringers Lactate.  It is then sent into the collection reservoir where it 

is filtered and stored.  Next during the fill phase the system transfers blood from the 

reservoir into the spinning centrifuge bowl by use of the peristaltic pump. 

Centrifugation concentrates the RBC into the bowl while supernatant components 

are expelled to a waste bag. 

 

Next during the wash phase a volume of: 

- Saline as per manufacturer recommendation. 

- Ringers Lactate  - In my Study 

- Balsol   - In my Study 

 

is washed through the concentrated RBC to remove the free plasma Hemoglobin, 

anticoagulant and other waste components. 

 

Finally during the empty phase the concentrated RBC, with minimized amounts of 

waste contaminants are pumped into the RBC bag to be used as directed by the 

responsible medical practitioner e.g. for priming of CPB circuit in children. 

 

The Pstd mode is designed to achieve a minimum RBC concentration and wash 

quality in the shortest processing time. 
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Less time than Popt protocol for a given volume of Blood to process. 

In a study conducted by Naumenko et al (2008) they revealed that different 

centrifuge speeds and washing rates provided different quality of the processed 

autologous blood. 

 

Thus in this study all settings on the cell saver will be standard for all cases. 

 

Machine:  SORIN / XTRA 

 

Standard 225 ml Bowl 

 

Protocol:  Pstd 

 

Fill Flow - 200ml / min 

Return Flow - 250ml / min 

Wash Flow - 250ml / min 

Wash Vol - 1 000ml 

Empty Flow - 350ml / min 

Conc Flow - 300ml / min 

 

BQW (Better Quality Wash) on 2x 

 

BQW Function: 

 

The Blood in the bowl undergoes a series of operations on the basis of a special 

protocol (accelerations + decelerations of the centrifuge) designed to optimize the 

wash phase of a cycle. 

Twice (Short BQW) – In this state, the BQW cycle will be performed on the RBC’s in 

the bowl up to twice during the wash phase. 
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HISTORIC OVERVIEW 

The first successfully recorded use of cell salvage and autologous transfusion was in 

1818 by a British gynaecologist named Dr. James Blundell.  Blundell initially became 

interested in transfusion as a method of treating post-partum haemorrhage after 

being appalled by his own helplessness to combat fatal haemorrhage during delivery 

(Blundell, 1818).  He transfused a woman afflicted with post-partum haemorrhage, 

blood soaked swabs were washed in saline and then the mixture was re-infused.  

This practice in its time was unsurprisingly associated with high mortality.  Given the 

knowledge of haematology in Blundell’s era he opposed animal to human transfusion 

but was an advocate of human to human transfusions.  He did, however, report the 

problems such as rapid coagulation of the blood, infusion of air, and the dark urine 

passed in some patients (due to incompatible blood types) but maintained that 

transfusion should be used only in critically ill patients. 

 

In 1874, an English surgeon, William Highmoore, also proposed the use of 

autotransfusion in his article published in the Lancet in 1974 (Highmoore, 1974).  He 

suggested that the patient’s own blood is an overlooked source which can be used to 

great advantage and advocated intraoperative autotransfusion particularly in the 

case of post-partum haemorrhage.  In 1885, a surgeon Dr. John Duncan performed 

an amputation of a crushed limb at a late hour, and having no blood donors and only 

a saline solution as an imperfect alternative, chose to capture and re-infuse 

approximately eight ounces of a blood mixture collected while amputating the 

crushed limb.  The transfusion of autologous blood proved successful and the patient 

made a full recovery. 

 

Experimentation with cell salvage and autologous transfusion continued into the next 

century when it was successfully reported to be used in 1914 by a German, M.J. 

Theis in the treatment of ruptured ectopic pregnancy (Theis, 1914).  Thereafter there 

were continued reports of autotransfusion employed in procedures including 

haemothorax, ruptured spleen, and perforating abdominal injuries.  In 1943, Arnold 

Griswald developed the concept of the first cell salvage autotransfusion device 

(Ashworth and Klein 2010).  Suctioned blood was collected in a bottle and then 
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strained through a cheese cloth before being re-infused.  This formed the basic 

principles on which modern cell salvage devices are designed today.  In the 1970’s 

an American military surgeon, Klebanoff in association with Bentley Laboratories 

developed the first commercially available cell saver machine.  The system required 

patients needing systemic anticoagulation and was associated with a number of 

complications, such as haemolysis, air embolism, coagulopathy, and renal failure 

resulting from reinfusion of unfiltered particles (Klebanoff, 1970).  As the Bentley 

system lost favour the Haemonetics Corporation, founded by Jack Lathman in 1971, 

developed a discontinuous flow centrifuge system that washed salvaged blood with 

normal saline solution (Haemonetics Historical Timeline 2014) Fresenius later 

developed an alternative option, the continuous flow centrifuge system.  
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LITERATURE REVIEW 

Perceptions of blood transfusions have changed as it has become appreciated that 

transfusions are not without risk.  Stored Red blood cells undergo time dependant 

metabolic, biochemical and molecular changes which eventually result in irreversible 

damage, defined as “storage lesions” responsible for many adverse effects of red 

blood cell transfusion.  Improvement in techniques have allowed for a storage period 

of 42 days for homologous blood.  (Offner, 2004)  

 

A study conducted by Koch et al. (2008) examined data from 2872 patients given red 

blood cell transfusions for coronary artery bypass grafting (CABG) or heart valve 

surgery or both between 1998 and 2006.  The results demonstrate that patients 

receiving stored blood older than 2 weeks had a significantly increased risk of post-

operative complications as well as reduced short term and long term survival. 

 

Paediatric Cardiopulmonary Bypass (CPB) involves a high ratio of prime volume to 

patient blood volume.  The need to add packed Red Blood cells to the CPB circuit 

prime lead to unphysiological acid-base, electrolyte and metabolite values far outside 

the normal range.  Preservation of red blood cells in citrate-phosphate – dextrose 

buffered and saline adenine-glucose-mannitol solutions leads to high glucose levels 

and acidosis.  The increase in potassium and decrease in sodium are due to 

breakdown of the membrane sodium-potassium pumps at the cold storage 

temperature of 4ºC with resultant leakage of potassium from cells.  (Osthaus et al 

2009)   

 

Two main reasons why Filtering Techniques are used prior to during or at the end of 

paediatric cardiac bypass are to prepare nearly physiological priming solution and 

therefore avoid potentially harmful acid-base and electrolyte disturbances during 

initiation of CPB and to impact favourably on the unwanted inflammatory response 

by eliminating pro-inflammatory mediators. (Osthaus et al 2009) 

 

Massive and Rapid transfusion of RBC’s may lead to substantial load of hydrogen 

ions, Carbon dioxide (CO2) and potassium associated with haemodynamic instability 

caused by acid base and electrolyte disorders. 

These problems are mainly caused by the preservative solution and worsen during 

storage.  Many different methods have been developed, such as cell saver washing 

of RBC’s or ultrafiltration of priming fluid in order to reduce these disturbances.  

(Osthaus et al 2009) 

 

It has also become standard practice to wash donor packed red blood cells before 

adding it to neonate CPB.  (Swindell et al 2007) 

 

Little attention has however been given to the manufacture’s recommendation of 

0,9% Saline or Normal Saline as wash solution.  Evidence (Awad, Allison, and Lobo 

2008) suggests there is nothing “normal” about 0.9% NaCl solution. 
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Sodium Chloride is only normal in terms of osmolality but it is not a balanced 

electrolyte solution and has been reported to result in hyperchloremic metabolic 

acidosis when large volumes are rapidly infused (Chowdhury et al 2012). 

It also contributes to unwarranted electrolyte imbalances when used as wash 

solution, as important ions like potassium, magnesium, calcium and phosphate, that 

are important for cardiac function are depleted.  (Huber et al 2013), (Halpern et al 

1996) 

 

Studies were done by Varghese et al (2007) and de Vroege et al (2007) where 

packed red blood cells were washed with Normal 0.9 % Saline.  57 packed RBC’s 

and 20 packed RBC’s respectively.  They observed low calcium (Ca2+) plasma levels 

have been attributed to its uptake by binding to citrate used as conservation media.  

Levels of potassium (K+), phosphate (PO4), glucose, osmolality, protein and lactate 

dehydrogenase (LDH) were significantly reduced after washing.  Sodium (Na+) 

concentration was the only electrolyte that significantly increased.  Chloride (Cl-) was 

not measured. 

 

Table 2: Changes in K+, Na+, PO4, Ca2+, Glucose, osmolality, protein                

and LDH after processing with CAT and DAT systems (Varghese et al., 

2007).    
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Table 3: Changes in pH, pCO2, pO2, HCO3-, K+, Na+, Ca2+, pO2,               

Glucose, lactate and free Hb, before and after cell saver                                   

(CS) processing. (de Vroege et al., 2007). 

 

In an in vitro setting Huber. et al (2013) washed 10 units of packed red blood  cells 

with either 0,9 % Saline or a bicarbonate buffered hemofiltration solution (BB-HS) 

using a cell saver.  The results of the study reveal, that in the 0,9 % saline group, pH, 

pCO2 and bicarbonate significantly decreased, in contrast to significant increase in 

the BB-HS group when compared to the 0,9 % Saline group.  Base excess 

significantly increased in the 0,9 % Saline group in contrast to a significant decrease 

in the BB-HS group. 

 

Potassium significantly decreased in both groups, whereas Sodium and Calcium 

significantly increased in both groups, despite 0,9 % Saline being calcium free.  

Chloride increased in the 0,9 % saline group in contrast to a significant decrease in 

the BB-HS group.  Glucose and lactate decrease significantly in both groups. 
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Table 4: Changes in measured variables before and after washing                     

with 0.9 % NaCl or BB – HS, (Huber et al., 2013)   

   

 

 

A prospective study done by Pillay et al (2015) analysed and compared the quality of 

residual pump blood post CPB that had been washed with either an unbalanced 

electrolyte solution (0.9 % Saline) or a balanced electrolyte solution (Balsol) 

A series of 40 patients were used.  They study concluded that Balsol used for 

washing residual CPB blood results in a re-suspended RBC concentrate, with an 

osmolality and electrolyte profile that is superior compared to washing residual CPB 

blood with 0,9 % Saline solution. 
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Table 5: Statistical summary of the change in post NaCl wash versus                    

the change in post Balsol wash. (Pillay et al, 2015)   
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Halpern et al. (1997) conducted a prospective randomised study to compare 0.9% 

normal saline with Isolyte S (a balanced multi electrolyte crystalloid solution) when 

used as wash solution for cell saver autologous blood transfusion. 

 

Table 6: Changes in prewashed systemic blood and washed blood when 0.9% 

saline and Isolyte S were used as wash solutions, (Halpern et al., 1997) 
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CHAPTER 3 

MATERIALS AND METHODOLOGY 

INTRODUCTION 

 

This was a prospective Randomised Controlled Trail to analyse and compare the 

quality of Packed Red blood cells that had been washed in a cell saver, with either 

Balsol or Ringers Lactate, both balanced crystalloid solutions to use as priming for 

CPB for elective Paediatric Cardiac Surgery. The primary objective of the study was 

to measure and compare pH, electrolytes, metabolites Hct and Hb of packed RBC, 

which was washed with either Balsol or Ringers Lactate. The secondary objective of 

this study was to determine if any value was influenced negatively or changed at all 

after packed Red Blood Cells was washed with either Balsol or Ringers Lactate. 

 

This study was conducted at Universitas Hospital Bloemfontein.  The study included 

20 children who were undergoing elective cardiac surgery who met the inclusion 

criteria, and whose parents gave informed consent to participate in the study. 

Patients were equally divided into a Balsol control group (n=10) and a Ringers 

Lactate interventional group (n=10) according to a randomisation list provided by the 

department of Biostatistics. 

Inclusion criteria 

 All paediatric cases under 12 years of age 

 Packed Red Blood Cells according to blood bank regulations 

 All paediatric elective Cardiac Surgery cases with the use of Cardiac 

Pulmonary Bypass 

The data collection resulted in 240 measurements per group, which included pre and 

post cell saver processing.  Similar previous studies have shown that a sample size 

of 40 is adequate to compare the control to the interventional group (de Vroege et 

al., 2007; Varghese et al., 2007; Huber et al., 2013; Pillay et al., 2015). The number 

of patients recruited and the sample size for this study is 20 patients. This sample 

size was approved by the Department of Biostatistics. 
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Under optimal conditions with full lists running roughly 2-3 paediatric cardiac cases 

are done with CPB per week. Due to cancelation of lists at Universitas Hospital 

because of a lack of Anaesthetic consultants the sample size for this study has been 

reduced to 20.  Due to above mentioned circumstances 20 cases was done in 

roughly 22 weeks.  

Before commencement of this study, ethical approval was obtained from the 

University of the Free State Ethics committee (Appendix A). The department of 

cardiothoracic surgery and the department of Perfusion granted permission for the 

study to be conducted. Approval was obtained from the Free State Department of 

Health (Appendix B) and Prof. BSJ Diedericks (Appendix C). 

Patients who met the inclusion criteria were recruited in the cardiac ward at 

Universitas hospital. A Letter of information, assent form and consent form, drawn up 

by the researcher in English, Afrikaans and Sesotho was presented to all patients 

and parents who volunteered to participate in the study. They were informed that 

their right to participate their children in the trial was entirely voluntary and that they 

were entitled to withdraw at any point without affecting their child’s medical 

treatment. They were also informed that all information used in the trial would remain 

confidential and that any data reported in scientific journals or published would not 

include information identifying their children as a patient in the study. (Appendix D, E 

and F). Parents who were willing to let their children participate signed the consent 

form. All patients recruited to the study were under the consultant care of the 

surgeon and anaesthetist, who confirmed that the patient required surgery with CPB 

and Cell saving. 
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METHODOLOGY 

When the patient was brought into theatre consent was checked and verified with the 

patient’s parent/s. The perfusionists washed the packed red blood cells according to 

the protocol of the study and randomisation list. 

Cell salvage was achieved using the following settings: 

Machine:  SORIN / XTRA 

 

Standard 225 ml Bowl 

 

Protocol:  Pstd 

 

Fill Flow - 200ml / min 

Return Flow - 250ml / min 

Wash Flow - 250ml / min 

Wash Vol - 1 000ml 

Empty Flow - 350ml / min 

Conc Flow - 300ml / min 

 

Better Quality Wash (BQW) on 2x 

 

BQW Function: 

 

The Blood in the bowl undergoes a series of operations on the basis of a special 

protocol (accelerations + decelerations of the centrifuge) designed to optimize the 

wash phase of a cycle. 

 

The cell saver was installed identically for every case. The balanced solutions used 

for the interventional group was Ringers Lactate and for the control group Balsol. 

 

Blood sampling and analysis;  

 

A sample of blood (1ml) was obtained from all the included units of packed Red 

blood cells before washing in the cell saver for pre wash analysis via Bloodgas 

machine. 

 

In the control group Balsol was used as wash solution and in the interventional group 

Ringers Lactate was used as wash solution. 

 

After processing, a blood sample (1ml), was taken for post wash analysis. 

 

Clinical data which was be recorded for every pre and post wash sample is shown in 

Table 7. 
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Table 7: Summary of the variables that was measured before and after processing 

of packedu red blood cell’s using the cell saver.      

  

pH 

pCO2 

pO2 

Potassium  [K+] 

Sodium  [Na+] 

Chloride  [Cl-] 

Calcium  [Ca2+] 

Lactate   

Glucose  

Bicarbonate  [HCO3- ] 

Haematocrit  

Haemoglobin    

 

 

This data was used to compare Balsol vs Ringers Lactate. 

 

The Radiometer ABL 90 FLEX blood gas analyser (Appendix G) report results for the 

measured variables in a specific range (Appendix H). In the samples the blood gas 

analyser reports results below the reference range of the electrode, the lower 

reference range was taken as the result to make a statistical analysis. The ABL 90 

Flex bloodgas analyser is a cassette based analyser which can deliver 17 

parameters ( Appendix H) from a sample of 65ul blood in 35 seconds. It ensures 

standardised mixing of a blood sample in 7 seconds, using safePICO syringes or 

capillary tubes, with the built in sample mixer. Automatic quality control with 

dedicated QC solutions is built into the analyser which also runs continuous system 

analysis checks and takes automated corrective actions when necessary. The data 

collection sheet and data collected for the Balsol control group and Ringers lactate 

interventional group are listed in Appendix I and Appendix J respectively. 

 

Statistical analysis 

 

Statistical analysis was performed by the Department of Biostatistics, UFS.  

Variables were summarised by medians and interquartile ranges due to skew 

distributions.  Changes from pre to post within groups were analysed using signed 

rank tests.  The two groups were compared regarding changes using Mann-Whitney 

tests.  P-values<0.05 were considered statistically significant. 
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CHAPTER FOUR                                                                                                  

RESULTS 

Statistical summary of data 

The statistical summary for the variables measured in the Ringers Lactate 

interventional group are shown in Table 8 as medians and inter quartile ranges pre 

and post wash. The change and % change are also shown. Variables with p values < 

0.05 was statistically significant. 

Table 8: Statistical summary for the variables measured in the                 

Ringers Lactate interventional group.    

VARIABLES PRE-WASH POST WASH 

CHANGE  
(POST - 

PRE) 

 %  
CHANGE 
(POST - 

PRE) p 

MEASURED MEDIAN  (IQR) MEDIAN  (IQR) MEDIAN MEDIAN VALUE 

pH 6.75 
6.75 - 
6.80 6.75 

6.75 - 
6.79 0 0 1 

pCO2 76.8 
74.1 - 
81.5 12 

   12  -  
12    -64.8 -84.4 <0.01 

PO2 42.6 
34.9 - 
47.7 51.5 

42.9 - 
59.2 10.1 24.2 <0.01 

K+ 14 
11.4 - 
18.1 5.05 5 - 5.1 -8.95 -63.7 <0.01 

Na+ 131 
127 - 
137 123 

122 - 
123 -8.5 -6.4 <0.01 

Cl- 70 70 - 113 70 70 - 70 0 0 0.25 

Ca2+ 0.4 0.4 - 0.4 1.27 
1.25 - 
128 0.87 218 <0.01 

Lactate 31 31 - 31 22.5 21 - 24 -8.5 -27.4 0.01 

Glucose 47 46 - 47 11.4 9.5 - 12 -35 -75.7 <0.01 

HCO3- 9 7.8 - 9 17 17 - 17 9.2 118 1 

Hct 65 
63.2 - 
68.3 50.2 

47.4 - 
53.8 -13.3 -20.5 <0.01 

Hb 21.2 
20.6 - 
22.3 16.4 

15.5 - 
17.5 -4.4 -20.7 <0.01 

        

p values <0.05 were considered statistically significant.    
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The statistical summary for the variables measured in the Balsol control group are 

shown in Table 9 as medians and inter quartile ranges pre and post wash. The 

change and % change are also shown. Variables with p values < 0.05 was 

statistically significant. 

Table 9: Statistical summary for the variables measured in the                         

Balsol control group.      

VARIABLES PRE-WASH POST WASH 

CHANGE  
(POST - 

PRE) 

 %  
CHANGE 
(POST - 

PRE) p 

MEASURED MEDIAN  (IQR) MEDIAN  (IQR) MEDIAN MEDIAN VALUE 

pH 6.75 
6.75 - 
6.78 7.01 

6.97 - 
7.05 0.26 3.85 <0.01 

pCO2 90.05 
65.7 - 
94.7 84.4 77.4 - 89 -2 -2.18 0.85 

PO2 42.9 
32.5 - 
48.4 42.65 

35.5 - 
47.7 2 5.08 0.49 

K+ 14.4 
12.7 - 
18.1 3.95 3.9 - 4 -10.5 -71.85 <0.01 

Na+ 131 
127 - 
133 123 

123 - 
123 -7.5 -5.72 <0.01 

Cl- 70 
70 - 
118 107 

107 - 
108 36.5 52.14 0.08 

Ca2+ 0.4 
0.4 - 
0.4 0.4 0.4 - 0.4  0 0 * 

Lactate 31 31 - 31 31 31 - 31 0 0 * 

Glucose 47 44 - 47 10.4 
8.2 - 
12.5 -34.1 -76.59 <0.01 

HCO3- 7.85 
7.2 - 
8.45 15.15 

13.75 - 
16.2 7.75 92.37 0.13 

Hct 61.5 
59 - 
67.1 50.2 47.8 - 54 -13.4 -19.78 <0.01 

Hb 20.05 
19.3 - 
21.9 16.4 

15.6 - 
17.6 -4.35 -19.79 <0.01 

        

    

p values <0.05 were considered statistically significant.  
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The Statistical summary of the % change in post Ringer Lactate wash vs the 

%change in post Balsol wash are shown in table 10 as medians. Variables with p 

values < 0.05 was statistically significant. 

 

Table 10: Statistical summary of the% change in post Ringers Lactate              

wash versus the %change in post Balsol wash.   

 

VARIABLES 
% CHANGE 

BALSOL 

% CHANGE   
RINGERS 
LACTATE p 

MEASURED MEDIAN  MEDIAN  VALUE 

pH 3.85 0 <0.01 

pCO2 -2.18 -84.37 <0.01 

PO2 5.08 24.2 0.01 

K+ -71.85 -63.7 0.3 

Na+ -5.72 -6.4 0.34 

Cl- 52.14 0 0.1 

Ca2+ 0 217.5 <0.01 

Lactate 0 -27.41 <0.01 

Glucose -76.59 -75.74 0.82 

HCO3
- 92.37 117.94 0.16 

Hct -19.78 -20.47 0.76 

Hb -19.79 -20.73 0.76 
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Changes in pH 

There was no change in pH after washing with Ringers Lactate in contrast with the 

significant increase in pH after Balsol wash (p< 0.01). There was a significant 

difference in the percentage change between the two groups after washing             

(p< 0.01) 

 

Changes in pCO2 

There was a significant decrease in pCO2 with the Ringers Lactate wash. The pCO2 

also decreased after the Balsol wash but not statistically significant. There is a 

significant difference in the percentage change between the two groups after 

washing (p<0.01) 

 

Changes in pO2 

There was no change in pO2 in the Balsol group and a significant increase in the 

Ringers Lactate group post wash (p< 0.01). There was also a significant difference in 

the percentage change between the two groups after washing (p 0.01) 

 

Changes in K+ 

There was a significant decrease in K+ in both the Ringers Lactate and Balsol groups 

post wash (p<0.01) but the difference in percentage change between the two groups 

were not statistically significant. 

 

Changes in Na+ 

There was a significant decrease in Na+ in both groups post wash (p<0.01) but the 

difference in the percentage change between the two groups were not statistically 

significant. 
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Changes in Cl- 

There was no changes in Cl- in the Ringers Lactate group post wash and an 

increase in Cl- in the Balsol group post wash but not statistically significant. 

 

Changes in Ca2+ 

There was a significant increase in Ca2+ in the Ringers Lactate group post wash 

(p<0.01) but there was no change in the Balsol group post wash. There was a 

significant difference in the percentage change between the two groups post wash 

(p<0.01). 

 

Changes in Lactate 

There was a significant decrease in Lactate in the Ringers Lactate group post wash 

(p 0.01) but there was no change in the Balsol group post wash. There was a 

significant difference in the percentage change between the two groups post wash 

(p<0.01). 

 

Changes in Glucose 

There was a significant decrease in glucose within the Balsol and Ringers Lactate 

groups post wash (p<0.01) but the difference in percentage change between the two 

groups post wash was not statistically significant. 

 

Changes in HCO3 

There was an increase in both the Balsol and Ringers Lactate groups post wash but 

not statistically significant.  The difference in percentage change between the two 

groups post wash was also not statistically significant 
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Changes in Hct and Hb 

There was a significant decrease in Hct and Hb in both the Ringers Lactate and 

Balsol groups post wash (p<0.01) but the difference in the percentage change 

between the two groups were not statistically significant. 
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CHAPTER 5   

DISCUSSION 

Introduction 

Allogenic blood is a scarce and lifesaving resource, but its prescription is also not 

without risk. Stored red blood cells undergo time dependant metabolic, biochemical 

and molecular changes which eventually result in irreversible damage, defined as 

storage lesions responsible for many adverse effects of RBC transfusions (Offner, 

2004.). The introduction of autologous cell salvage systems to cardiac surgery has 

decreased the demand for the scarce and precious allogenic blood resource, as well 

as its associated risks. Manufactures of autologous cell salvage systems 

recommend the use of 0.9% NaCl for the processing of salvaged blood. A study 

conducted by Shaw et al. (1997), revealed that patients receiving exclusively normal 

saline on the day of surgery had higher mortality, major complications, postoperative 

infections, renal failure requiring dialysis, blood transfusions, longer ventilation time 

and more electrolyte disturbances than those receiving balanced crystalloid 

solutions. Patients undergoing cardiac surgery with CPB are also at higher risk for 

electrolyte depletion (Polderman and Girbes, 2004).  

This was a prospective Randomised Controlled Trail to analyse and compare the 

quality of Packed Red blood cells that had been washed in a cell saver, with either 

Balsol or Ringers Lactate, both balanced crystalloid solutions to use as priming for 

CPB for elective Paediatric Cardiac Surgery. The primary objective of the study was 

to measure and compare pH, electrolytes, metabolites Hct and Hb of packed RBC, 

which was washed with either Balsol or Ringers Lactate. The secondary objective of 

this study was to determine if any value was influenced negatively or changed at all 

after packed Red Blood Cells was washed with either Balsol or Ringers Lactate. 

 

In this investigation a services of 20 units of packed RBC’s was used (N=20) and 

was randomised to a Balsol group (control group) and a Ringers lactate group 

(interventional group) according to a randomisation list that was provided by the 

department of Biostatistics Procedure that was done was Elective Paediatric Cardiac 

Surgery with CPB at Universitas Hospital in Bloemfontein. 
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Discussion 

 

In this study there was no change in pH after washing with Ringers Lactate in 

contrast with the significant increase in pH after Balsol wash (p< 0.01). There was a 

significant difference in the percentage change between the two groups after 

washing (p< 0.01). In a study conducted by de Vroege et al. (2007), 20 RBC units 

with a mean age of 36 days were washed with 0.9% NaCl and there was no change 

in pH (6.36 ± 0.05). In an animal study conducted by Halpern et al. (1996), washing 

blood with 0.9% NaCl and re-infusing blood after every wash cycle resulted in a 

significant decrease in pH. Halpern et al. (1997), conducted a similar animal study to 

compare washing blood with either 0.9% NaCl or Isolyte S and re-infused washed 

blood after every wash cycle. They found that pH increased with 0.9% NaCl by 0.3% 

in the mean averaged washed blood when compared to the mean prewashed 

systemic blood. In a study conducted by Huber et al. (2013), ten units of packed 

RBC with a mean age of 9 days were washed with either 0.9% NaCl or BB-HS. The 

results revealed a significant decrease and increase in pH from baseline after 

washing with 0.9% NaCl and BB-HS respectively, with pH being significantly higher 

at the end of washing with BB-HS. In a study conducted by Pillay et al. (2015), 40 

patient’s residual CPB pump blood was washed with either 0.9% NaCl or Balsol. 

Both groups significantly increased the pH. 

Also in the study conducted by Pillay et al. (2015) there was a highly significant 

decrease in pCO2 within the NaCl group below the detectable range of the electrode 

(< 6mmHg), and a less pronounced but significant decrease in pCO2 within the 

Balsol group after washing. In contrast there was a significant increase in HCO3 

within the Balsol group after washing.  After washing PRBC with 0.9% NaCl, de 

Vroege et al. (2007), observed a significant decrease of ≈ 90% in both pCO2 and 

HCO3. Huber et al. (2013), observed a significant decrease (≈80%) and increase 

(≈70%) in pCO2 from baseline after washing PRBC with 0.9% NaCl and BB-HS 

respectively, with pCO2 being significantly higher at the end of washing with BB-HS.  

Huber et al. (2013) also revealed a significant decrease (≈80%) in HCO3 from 

baseline after washing with 0.9% NaCl and a less pronounced but significant 

decrease (≈4%) in HCO3 after washing with BB-HS. 
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In the present study there was a significant decrease in pCO2 within the Ringers 

Lactate group with a less pronounced decrease in pCO2 in the Balsol group after 

washing. The difference in percentage change between the Balsol and Ringers 

Lactate groups post wash revealed that pCO2 significantly decreased in the Ringers 

Lactate group when compared to the Balsol group. There was an increase in HCO3 

post wash within the Ringer Lactate and Balsol groups probably because Balsol 

contains 27 mmol/L of HCO3 and Ringers Lactate contains 28 mmol/L. 

In the present study there was no change in pO2 in the Balsol group and a significant 

increase in the Ringers Lactate group post wash (p< 0.01). There was also a 

significant difference in the percentage change between the two groups after 

washing (p 0.01). In a study conducted by Pillay et al. (2015) there was a highly 

significant decrease in pO2 within the NaCl and Balsol groups after washing and a 

significant difference in the change between groups after washing. In contrast after 

washing PRBC with 0.9% NaCl de Vroege et al. (2007), reported a non-significant 

increase in pO2. Huber et al. (2013), reported a significant increase in pO2 at the end 

of washing with 0.9% NaCl and a significant but marginal increase after washing with 

BB-HS. 

In a study conducted by Polderman and Girbes, (2004), it was revealed that 34% 

patients requiring CPB developed a significant moderate hypokalaemia (K+ < 3.6 

mmol/L) despite receiving on average 16mmol/L of potassium from cardioplegia and 

potassium infusion supplementation (10.1 ± 4.7 mmol/hr) during surgery. In a study 

by Pillay et al. (2015) they reported a highly significant decrease in K+ within the 

NaCl group after washing and a highly significant increase in K+ within the Balsol 

group after washing. In the present study there was a significant decrease in both 

the Ringers Lactate and Balsol groups post wash ( p<0.01 ) but the difference in 

percentage change between the two groups were not statistically significant. 

Vargese et al. (2007), and de Vroege et al. (2007), both reported that potassium was 

significantly reduced when washing PRBC with 0.9 % NaCI.  Huber et al. (2013), 

also reported significantly reduced potassium with both 0.9 % NaCI and BB-HS.  

Swindell et al. (2007), demonstrated that washing irradiated PRBC resulted in CPB 

circuits for neonates and infants having lower potassium loads than circuits that 

received unwashed blood.  
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Immediately after CPB serum potassium was significantly lower in the washed blood 

group compared to the unwashed group.  Swindell and co-workers also reported 

washing blood resulted in 4 patients becoming hypokalaemic during CPB, but 

commented that it was easier to manage that hyperkalaemia.  In the present study 

there was also a significant decrease in both the Ringers Lactate and Balsol groups 

post wash ( p<0.01 ) even though the contents of Balsol and Ringers Lactate contain 

K+ of 4.0 and 5 mmol/L respectively.  The difference in percentage change between 

the two groups were not statistically significant. 

In previous investigations by Varghese et al. (2007), de Vroege et al. (2007), Huber 

et al. (2013), and Swindell et al (2007), all reported significant increases in sodium 

after washing PRBC with 0.9 % NaCI solution.  The animal study conducted by 

Halpern et al. (1996), demonstrated that continuous washing with 0.9 % NaCI and 

re-infusion of blood resulted in a significant increase in mean washed blood average 

sodium and compared to baseline systemic values.  Halpern et al. (1997), also 

demonstrated a significantly higher sodium level in the mean washed blood average 

when 0.9% NaCI was used as a wash solution compared to Isolyte S.   

The results of the study conducted by Pillay et al. Report a highly significant increase 

in sodium within the NaCI group after washing and a highly significant decrease in 

sodium within the Balsol group after washing.  There was also a highly significant 

difference in the change between groups after washing.  The results of the present 

study showed  that there was a significant decrease in Na+ in both groups post wash 

( p<0.01 ) but the difference in the percentage change between the two groups were 

not statistically significant. 

Huber et al. (2013), reported after washing PRBC with 0.9% NaCI and BB-HS there 

was a significant increase and decrease in Cl- from baseline respectively, with Cl- 

being significantly lower after washing with BB-HS.  The animal study conducted by 

Halpern et al. (1997), also demonstrated that after washing with 0.9 % NaCl and 

Isolyte S, Cl- increased and decreased respectively in mean washed blood average, 

with Cl- being significantly higher in 0.9 % NaCl group.  Halpern et al. (1996), also 

reported that continuous washing with 0.9 % NaCl and reinfusion of blood resulted in 

a significant increase in the mean washed blood average chloride as compared to 

baseline systemic values.  
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It my studied the results showed that there was no changes in Cl- in the Ringers 

Lactate group post wash and an increase in Cl- in the Balsol group post wash but not 

statistically significant. 

In the present study there was a significant increase in Ca2+ in the Ringers Lactate 

group post wash (p<0.01 ) but there was no change in the Balsol group post wash. 

There was a significant difference in the percentage change between the two groups 

post wash (p<0.01).  Both 0.9 % NaCl and Balsol solutions used in a study 

conducted by Pillay et al are calcium and phosphate free.  The results of that study 

revealed there was a highly significant decrease in ionized Ca2+ within the NaCl and 

Balsol groups after washing and a significant difference in the change between 

groups after washing.  Animal studies conducted by Halpern et al. (1996), 

demonstrated that washing with 0.9% NaCl resulted in significant reduction in 

ionized Ca2+ and PO4. 

Halpern et al. (1997), also reported in an animal study after washing with 0.9 % NaCl 

and Isolyte S, ionized calcium decreased in the washed blood average with no 

significant difference between solutions.  Humber et al. (2013), reported after 

washing PRBC with 0.9 % NaCl and BB-HS that calcium significantly increased from 

baseline with both solutions.  The increase being significantly greater with BB – HS. 

In the present study there was a significant decrease in Lactate in the Ringers 

Lactate group post wash (p 0.01) but there was no change in the Balsol group post 

wash. There was a significant difference in the percentage change between the two 

groups post wash (p<0.01).  Halpern et al. (1996), Pillay et al. (2015) and de Vroege 

et al. (2007) Huber et al. (2013) and Swindell et al. (2007), also observed a similar 

significant decrease in the lactate load after washing PRBC. 

In my study it showed that there was a significant decrease in glucose within the 

Balsol and Ringers Lactate groups post wash ( p<0.01 ) but the difference in 

percentage change between the two groups post wash was not statistically 

significant.  Varghese et al. (2007) and de Vroege et al. (2007), and Pallay et al. 

(2015) also observed similar significant decreases after washing PRBC.  Huber et al. 

(2013), reported a significant decrease in glucose from baseline after washing with 

PRBC with o.9 % NaCl and BB – HS, with glucose being significantly higher after 

washing with BB – HS.  
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In the study reported by Pillay et al. (2015) the results showed a highly significant 

increase in haematocrit and Haemoglobin within the NaCl and Balsol groups after 

washing. In contrast in the present study there was a significant decrease in Hct and 

Hb in both the Ringers Lactate and Balsol groups post wash (p<0.01 ) but the 

difference in the percentage change between the two groups were not statistically 

significant. 

 

LIMITATIONS 

Firstly, processed blood was not transfused immediately to the patients and no in 

vivo observations could be made in terms of acid-base, osmolality and electrolyte 

changes.   Secondly, the re-suspended RC concentrate may have also undergone 

time dependant changes in the interim between being processed re-transfusion, 

which were not investigated.  Thirdly, other important variables like strong ion 

difference, osmolality, magnesium and phosphate were not measured due to 

financial and logistical constraints.  Finally, due to cancelation of lists at Universitas 

Hospital because of a lack of Anaesthetic consultants the sample size for this study 

has been reduced to 20. 

 

STRENGHTS 

The strength of this study lay in the use of two solutions which is both balanced 

crystalloid solutions with patients not exposed to unbalanced solutions. 
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CHAPTER 6     

CONCLUSION 

The results of this prospective Randomised controlled trial are summarised in Table 

11 and Table 12. 

Table 11:  Ringers Lactate Interventional Group 

VARIABLE PRE-WASH POST-WASH P- VALUE 

pCO2 76.8 12 <0.01 

K+ 14 5.05 <0.01 

Na+ 131 123 <0.01 

Lactate 31 22.5 <0.01 

Glucose 47 11.4 <0.01 

Hct 64.95 50.2 <0.01 

Hb 21.2 16.4 <0.01 

pO2 42.6 51.45 <0.01 

Ca2+ 0.4 1.27 <0.01 

 

p< 0.05 is statistically significant 
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Table 12: Balsol Control Group 

VARIABLE PRE-WASH POST-WASH P- VALUE 

K+ 14.4 3.95 <0.01 

Na+ 131 123 <0.01 

Glucose 47 10.4 <0.01 

Hct 61.5 50.2 <0.01 

Hb 20.05 16.4 <0.01 

pH 6.75 7.01 <0.01 

 

p< 0.05 is statistically significant 

 

 

There was also a statistically significant difference (p < 0.05) in the % change 

between the 2 groups after washing for pH, pCO2, pO2, Ca2+ and Lactate. 

In conclusion the profile for pCO2, pO2, Ca2+, Lactate and HCO3
- is closer to 

physiological values in the Ringers Lactate interventional group and pH, K+ and Cl- is 

closer to physiological values in the Balsol group.  Glucose, Na+, Hct and Hb 

changed to the same extend in both balanced crystalloid solutions Ringers Lactate 

and Balsol. 
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RECOMMENDATIONS 

From the results of this investigation it is recommended that a balanced crystalloid 

solution such as Ringers Lactate or Balsol is used as washing solutions employed 

with cell saving machines for processing of packed RBC and residual pump blood in 

cardiac surgery rather than an unbalanced crystalloid solution like Normal Saline. It 

is recommended that further investigations be conducted to address the limitations 

found in this investigation.  It is also recommended that the use of balanced 

electrolyte solutions with cell saver in other specialities such as vascular, 

orthopaedic and neurosurgery be investigated. 
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                                     ASSENT FORM  

 

Hereby I give permission to participate in the research study as 

described to me by ...................................................................... 

 

I understand the research involves the following. The blood that I will 

receive during my operation will be washed with two different salt 

water solutions. Both salt water solutions is good to wash the blood 

with and the researcher just want to see which one is the best to 

wash the blood with. 

 

 

.........................................                            ......................................... 

( Signature of participant )                          ( Date ) 

 

........................................                            ......................................... 

( Signature of witness )                               ( Date ) 
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APPENDIX E 
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                             TOESTEMMING VORM 

 

Hiermee gee ek toestemming om deel te neem aan die navorsing 

studie soos aan my beskryf deur .................................................... 

 

Ek verstaan die navorsing behels die volgende. Die bloed wat aan my 

gegee gaan word gedurende my operasie gaan gewas word met 

twee verskillende soorte sout water oplossings. Beide sout water 

oplossings is goed om bloed te was. Die navorser wil net sien watter 

oplossing is die beste om die bloed te was. 

 

 

 

............................................                         .......................................... 

( Hantekening van deelnemer )                  ( Datum ) 

 

 

...........................................                        ............................................ 

( Handtekening van getuie )                     ( Datum ) 
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APPENDIX F 

 

Tumelo ya honka karolo nyakisisong (resecheng) 

 

O kopiloe honka ngwana hao karolong nyakisisong (resecheng). 

O hlaloseditswe ka nyakisiso ke …………………………………………………………………………………………………………. 

O ka fumana Michelle Swanepoel ho 0828270024 ka nako efeng le efeng ha o nale dipotso mabapi le 

nyakisiso.  

O ka fumana motsamaise wa lefapa la bophelo komiteng ya boitswaro ya nyakisiso (reseche) yunivesity 

ya freistata (UFS) ho 051 4017794/5 ha o nale dipotso mabapi le di tokelo tsa hao jwalo ka mon'ka 

karolo nyakisisong. 

Hon’ka karolo ya ngwana hao nyakisisong ena e etsoa ka boithaopo, me hankeke bao kahlola kapo wa 

lahleheloa ke melemo ha o hana hore a nke karolo kapo o emisa honka karolo. 

Ha o dumela hore ngwana hao a nke karolo, o tla fuwa pampiri e saenilweng la leqhepe lena homoho le 

pampiri ya tsebiso ya mon'ka karolo e eleng kakaretso ya nyakisiso. 

Thuto ya nyakisiso le boitsebiso bona e fanwe ka molomo ho nna. 

Kea utlwisisa hore karolo ya ka le ya ngwanaka thutong yena ke eng me ke dumela ka boithaopo hore 

ngwanaka a nke karolo. 

 

 

……………………………………………………………………..                    …………………………………………………………………….. 

(Mosaeno wa mon'ka karolo)                                                 (Letsatsi) 

 

 

……………………………………………………………………                       …………………………………………………………………… 

(Mosaeno wa mopaki)                                                              (Letsatsi)  
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Foromo ya tumelo 

 

Kamoo ke fana ka tumelo ya ho nka karolo nyakisisong (resecheng) jwale ka ke hlaloseditswe ke Dr 

Michelle Swanepoel. Kea utlwisisa hore nyakisiso e amana le tse latelang.  

Madi a ke tlo a fuwang ka nako ya opereishene ya ka a tla hlatsuwa ka metsi a letswai a mabedi a 

fapanang. Bobedi ba metsi a letswai a lukile ho hlatswa madi empa motho a etsang nyakisiso o batla ho 

bona feela ke efeng e hlatswang madi hantle haholo. 

 

 

……………………………………………………………….                            …………………………………………………………………. 

(Mosaeno wa mon'ka karolo)                                                  (Letsatsi) 

 

………………………………………………………………                             ……………………………………………………………….. 

(Mosaeno wa mopaki)                                                              (Letsatsi) 
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APPENDIX H 
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APPENDIX I 

 

 

DATA COLLECTION SHEET 

 
Bloodgas analysis: 

 

Sample nr 

 

Sample type 

 

 

 Normal Values Pre-wash  Post-wash 

Ph 7.35 – 7.45   

p CO2 35 – 45 mm Hg   

P O2 75 – 100 mm Hg   

Potassium  [K+] 3.5 – 5.0 mmol/L   

Sodium  [Na+] 135 – 145 mmol/L   

Chloride  [Cl-] 95 – 105 mmol/L   

Calcium  [Ca2+] Total 2 – 2.6 mmol/L   

Lactate 0   

Glucose 3.6 – 6.1 mmol/L   

Bicarbonate  [HCO3- ] 18– 22 mmol/L   

Hematocrit 36 - 52%   

Hemoglobin 12 – 17 g/dL   
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APPENDIX K 
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APPENDIX L 
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APPENDIX M 
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