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Abstract
Background: It is not clear whether the use of volumetric peristaltic infusion pumps, affect the quality of the 
erythrocytes during packed cell transfusion or not. In the present study in vitro quality of red blood cells was assessed 
after using this type of infusion pumps in a prospective study.
Materials and Methods: In this study 60 units of packed red cells were examined before and after passing through 
volumetric peristaltic infusion pumps. The shelf life of each bag was up to 7 days, and the transfusion rate was set to 
40 milliliter/hour. Pre- and Post- infusion pump samples were analyzed for erythrocyte morphology and hemoglobin, 
potassium, lactate dehydrogenase and bilirubin levels. Samples obtained before the blood going through the infusion 
pumps were considered as the reference.
Results: Infusion pump did not significantly increased the free hemoglobin, potassium, total bilirubin and lactate 
dehydrogenase increment, or fragmentation of the red blood cells, compared to the reference.
Conclusion: Due to insignificant increase in free hemoglobin caused by erythrocyte destruction after passing through 
the volumetric peristaltic pumps in this in-vitro study, we suggest that these pumps can be safely used for transfusion 
of fresh packed cells. However clinical in-vivo studies on children and neonates are strongly recommended to ensure 
the safety and effectiveness of this new method of transfusion.
Keywords: Infusion, blood, transfusion, hemolysis, erythrocytes.

Introduction 
Generally, anemia is defined as decreased 

hemoglobin concentration or red cell mass 
according to patients’ age 1. Patients’ treatment 
may differ according to their final diagnosis, but 
blood transfusion as a supportive care is lifesaving 
in severe cases. In these patients, acute or delayed 
transfusion reactions are preventable, if proper 
measures are in place. One of the most important 
acute complications is improper volume or rate 
of transfusion estimation, which may lead to 
volume overload and acute heart failure 2. With 
the increasing use of blood transfusions and the 
progress made to prevent its complications, the 
infusion methods are also progressing to achieve 
more precise control of the blood volume and 
the transfusion rate, especially in light-weighted 
newborns and infants. Non-secure transfusion 
methods and improper volume estimation, may 

damage erythrocytes and harm patients due to 
mechanical effects, or cause volume overload. 
Physical stress caused by transfusion practices has 
been evaluated in several studies since the 1960s, 
which has led to the use of new technologies and 
significant improvements in fluids infusion safety. 
Among these, are needles with different diameters, 
vascular access catheters, filters and various fittings, 
which make blood transfusions safe and secure.

Infusion pumps are one of the most useful 
instruments to control infusion rate and are 
approved for fluid infusion in children. These 
devices act with three mechanisms: gravity, as 
well as applying positive or negative pressure as 
the driving force. Rapid infusers such as syringe 
pumps use positive pressure, and volumetric ones 
such as peristaltic pumps, use negative pressure. 
These devices are useful in controlling the infusion 
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volume, but may harm the blood cells and cause 
complications, such as mechanical cell damage 3. 
Hemoglobin and potassium efflux hurt recipients by 
causing electrolyte imbalance and kidney damage. 
Pump effects on RBCs are influenced by the type of 
infusion devices, packed cell age, infusion rate and 
in-line filters directly, but this is not true for the type 
and diameter of needles and the length of injection 
hoses 4. Micro infusion sets (micro-set) with a burette 
volume of 100 milliliter, and an air bubble used in 
transfusion hose, are the two most commercially 
used methods in low volume transfusion. These 
methods may cause infection or inaccurate volume 
estimation of infusates. Increasing use of infusion 
pumps for liquid injections with air and pressure 
sensors, improves infusion accuracy, but there is 
not sufficient proof for the safety of their use in 
packed cells transfusion. Erythrocyte damages 
have been reported by some investigators during 
the blood passage through infusion pumps 5-9. In 
the present study, blood from packed cell bags 
was compared before and after passing through 
volumetric peristaltic infusion pumps, to study the 
integrity of red blood cells.

Materials and Methods:
This experimental laboratory study was 

performed on 60 Packed Red Blood Cells with less 
than 7 days of shelf age, prepared and ready to be 
transfused in pediatric hematology department. 
Blood bags were examined at the start of this 
study to assess their appearance, the color of 
blood, any leak or other apparent damage, or 
possible physical or chemical injuries to ensure 
damaged bags had not been used. Two milliliters 
of blood for biochemical assays (Potassium, Lactate 

dehydrogenase, Bilirubin), and one milliliter for 
hematologic evaluation (Hemoglobin) was taken 
before and after the blood passing through the 
infusion pumps in coagulated and EDTA tubes 
respectively, and peripheral blood smears were 
prepared simultaneously. A volumetric peristaltic 
infusion pump (JMS, model: OT-601, Japan), 
approved for liquid infusion in neonates and 
children from Medical Device Agency set up to 
40 milliliter/hour was used 10. Prepared samples 
were sent to laboratory and examined by a 
single pathologist.  Free plasma hemoglobin was 
evaluated by spectrophotometer (Pars Azmoon, 
Iran), and the hematocrit using micro-hematocrit 
testing. Because of the low plasma in packed cells, 
they were diluted with normal saline and were 
examined using ISE method (Easy-light instrument, 
Medica, USA) to assess potassium concentrations 
and by enzymatic method (Pishtaz teb kit, Iran; 
Mindray B-380 instrument, China) to assess lactate 
dehydrogenase (LDH) and bilirubin concentrations, 
after centrifugation. Prepared blood smears 
were stained using Wright-Giemsa stain and 
1000 erythrocytes were examined under a light 
microscopy by a single pathologist. Morphologic 
changes observed in more than 10% of cells were 
considered significant.

Results:
Paraclinical evaluations were carried out in 60 

fresh (less than 7 days old) packed blood cells. 
Male to female ratio of donors was 3:2. Blood 
groups used had the following pattern: O (45%), 
B (25%), A (21.9%), AB (8.3%) and among them 
75% had positive Rh antigen. After assessing the 
apparent condition of blood bags, free hemoglobin 11

Table 1 :  Blood destruction indexes before and after the blood goinhg through the 
volumetric pump. 

 
Blood destruction index Before going through the 

volumetric pump 
After going through the 

volumetric pump 
P-Value 

Hemoglobin (g/dL)  190.4 ± 7.9 189.9 ± 7.9 0.06

Potassium (mmol/L)  40.0 ± 12.3 41.3 ± 13.4 0.08

LDH (Unit/L)  64.0 ± 39.7 74.8 ± 55.7 0.07

Bil irubin (μmol/L)  1.5 ± 0.9 2.1 ± 1.8 0.06
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level, potassium level, LDH and total bilirubin levels 
were evaluated before and after going through the 
pumps, which indicated no statistically significant 
difference (Table 1). The mean hemoglobin level 
in blood bags was 190 ± 7.9 gram per deciliter, 
with a mean hematocrit of 61%, which was 
consistent with the standard supply of the blood 
bags (hematocrit less than 80%) 11. Morphologic 
appearance of erythrocytes was assessed and 
compared too. No significant morphologic changes 
in erythrocytes (more than 10% of evaluated cells) 
such as acanthocytes, poikilocytes, anisocytes 
and schistocytes were observed in this evaluation 
(Table 2).

Discussion:
Paraclinical indicators of red cell damage, 

including serum potassium, bilirubin, LDH and 
free hemoglobin levels and red cells’ morphology, 
did not indicate any significant changes in the 
present study. By increasing age and decreasing 
erythrocytes’ adenosine triphosphate, the 
required energy for maintaining cellular potassium 
is reduced, so senescent cells which lose their 
potassium are more susceptible to lysis 12. Due to 
the non-significant outflow of hemoglobin from 
fresh packed cells during the passage through the 
infusion pump, it can be concluded that peristaltic 
pumps do not damage packed cells’ erythrocytes. 
Observed erythrocyte changes may occur due to 
storage and processing but it is not significant. 
Not significant Bilirubin elevation in this study is 
consistent with a study by Frey et al. and may have 
occurred due to erythrocytes’ damage 4. Physical 
damage to erythrocytes, leads to their abnormal 
forms, such as: acanthocytes, poikilocytes, 

anisocytes and schistocytes or any broken red cells 
(fragmented RBC). If these abnormal cells are seen 
in more than 10% of the examined erythrocytes, 
it is considered that traumatic damage has been 
significant 13, 14. On the other hand, with increasing 
the transit time of blood from the pump, blood 
cell damage increases 15, 16. The appearance of high 
number of broken cells in the peripheral blood smear 
is a sign of cell damages or defect in erythrocyte 
precursors 17. Due to the lack significant increase 
of cell damage in smear preparations, it can be 
concluded that no significant blood cell damage did 
occur. Anisocytes, which mark the difference in the 
size of red blood cells, are not directly implicated in 
acute hemolysis, but may indicate manufacturing 
problems or long term corpuscular damage. 
Another peripheral smear finding is acanthocytes, 
which may be seen in storage process damage or 
underlying hepatic, renal or hereditary problems. 
The presence of these cells in this study, were not 
significantly high neither before nor after passing 
through the infusion pumps. Schistocytes are 
fragmented erythrocytes that make helmet-shaped 
or discrete fragments of cells and are critical signs 
of mechanical damage to red blood cells. In the 
present study and some similar studies these 
abnormal cells showed no significant increase 
after blood passing through the volumetric 
pumps18. Clinical manifestations will start when 
free hemoglobin is at least 2 grams per deciliter so, 
before the onset of clinical symptoms; laboratory 
investigations can detect intravascular hemolysis19. 
Some studies have not confirmed hyperkalemia 
following destruction of erythrocytes, but the 
release of hemoglobin had been shown, although 
the clinical significance of these elements has not 

12

Table 2 :  The frequency of  abnormal red blood cel l  morphology before and after the 
blood going through the volumetric  pump. 

 
Morphology 

Before the the blood going 
through the volumetric 

pump (number in 1000 RBC) 

Before the the blood going 
through the volumetric pump 

(number in 1000 RBC) 
P-Value 

Acanthocytes (Spur cell)  10 13 0.06

Poiki locytes 8 10 0.07

Anisocytes 3 4 0.09

Schistocytes 1 1 1
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been definitely determined yet. In addition, high 
packed cell shelf life correlates with high potassium 
levels 12. It should be noticed that although we 
could not see any significant changes in blood going 
through the volumetric pumps in 60 samples more 
elaborate studies with higher number of samples is 
needed to ensure our results.

Conclusion
Due to insignificant increase in free hemoglobin 

caused by erythrocyte destruction after passing 
through the volumetric peristaltic pumps in this 
in-vitro study, we suggest that these pumps can 
be safely used for transfusion of fresh packed cells. 
However clinical in-vivo studies on children and 
neonates are strongly recommended to ensure 
the safety and effectiveness of this new method of 
transfusion.
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