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ABSTRACT
Objective: To investigate infusion pumps start-up delay according to different brands of infusion pumps, flow rates and intravenous 
sets priming techniques. 
Method: The experimental study simulated clinical practice under controlled conditions, using a 50 mL syringe with NaCl 0.9% 
solution, two syringe infusion pumps (A and B), six rates (0.3, 0.5, 1.0,5, 10 and 20 mL/h), two purging techniques (manually or 
infusion pump’s electronic bolus). Data were analyzed according to mean, standard deviation, Student’s t and ANOVA tests (p<0.05). 
Results: The start-up delay was greater in low rates regardless the priming technique. The electronic bolus increased the infusion 
pump A accuracy at 0.3mL/h (p=0.010), 0.5 mL/h (p=0.002) and 1.0mL/h (p=0.004). Pump’s accuracy in all studied rates and 
manual IV sets filling was similar. 
Conclusion: In low infusion rates the start-up delay was greater despite the infusion pump brand and electronic bolus improved 
pumps accuracy. 
Keywords: Critical care. Infusion pumps. Nursing. Patient safety. Syringes.

RESUMO
Objetivo: Verificar o atraso de inicialização de bomba de infusão, segundo diferentes marcas de bombas de infusão, velocidades e 
técnicas de preenchimento do sistema de infusão intravenosa. 
Método: Estudo experimental que simulou a prática clínica, utilizando seringas de 50 mL com solução de NaCl 0,9%, duas marcas 
de bombas de infusão por seringa (A e B), seis velocidades (0,3;0,5;1,0; 5; 10 e 20 mL/h), dois modos de preenchimento do sistema 
(manual ou eletrônico pelo modo bolus do equipamento). Os dados foram analisados segundo média, desvio padrão e testes t de 
Student e ANOVA (p<0,05). 
Resultados: O atraso na inicialização foi maior em velocidades baixas, independentemente da marca e modo de preenchimento. O 
preenchimento eletrônico aumentou a acurácia na bomba A em 0,3 mL/h (p=0,010), 0,5 mL/h (p=0,002) e 1,0 mL/h (p=0,004). A 
acurácia em preenchimento manual foi semelhante. 
Conclusão: Em baixas velocidades de infusão o atraso de inicialização foi maior e o preenchimento do sistema de infusão pelo modo 
eletrônico melhorou a acurácia dos equipamentos.
Palavras-chave: Cuidados críticos. Bombas de infusão. Enfermagem. Segurança do paciente. Seringas.

RESUMEN
Objetivo: El objetivo fue investigar el retraso en la operación de bombas de infusión de acuerdo con diferentes marcas de bombas de 
infusión, velocidades de infusión y técnicas de purga de lo sistema de infusión. 
Método: Estudio experimental que simuló la práctica clínica en condiciones controladas con jeringas de 50 mL y solución de NaCl 
0,9%, dos bombas de infusión de jeringa (A y B), seis velocidades (0,3;0,5;1,0; 5; 10 y 20 mL/h), dos modos de purga (manual o 
electrónico por la bomba de infusión – bolo). Los datos se analizaron según media, desviación estándar, Test-T y ANOVA (p<0,05). 
Resultados: El retraso de la operación de las bombas ocurrió en tasas bajas independientemente de la técnica de purga. El modo 
electrónico aumentó la precisión de la bomba de infusión A en 0,3 mL/h (p=0,010), 0,5 mL/h (p = 0,002) y 1,0 mL/h (p=0,004). 
Con la técnica manual la precisión fue similar. 
Conclusión: Los retrasos de operación fueran significantes en bajas velocidades de infusión y el modo electrónico optimizó la 
precisión.
Palabras clave: Cuidados críticos. Bombas de infusión. Enfermería. Seguridad del paciente. Jeringas.
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� INTRODUCTION

Infusion pumps are electromechanical devices designed 
to control the delivery of fluids, drugs, nutrients, and blood 
components under positive pressure to the patients. They 
might have several methods for infusion, such as peristaltic, 
from a cassette, piston-driven, and using a syringe(1–3) The 
choice of equipment for intravenous (IV) therapy includes 
factors associated with safety, such as patient age, the se-
verity of illness, type of therapy, infusion rate, and potential 
for adverse events.(4,5) 

Syringe infusion pumps (SIPs) are used to deliver low 
volumes of fluids and drugs, in neonates and children, and 
during anesthesia and critical care. Factors such as the size of 
the syringe, complacency and resistance, the height between 
the patient’s vascular access site and the pump, type and 
size of IV sets, type of vascular access, use of in-line filters, 
and priming techniques used for the IV sets can influence 
the performance of the equipment(6–8).

However, these parameters are not consistently applied in 
daily clinical practice, mainly in critical care units. Devices are 
often placed much above the height of the patient’s bed, the 
same syringe size, essentially 20 to 50 mL, is used regardless 
of the programmed infusion rate, and long IV lines between 
the pump and the patient are used. These demonstrate the 
non-application of specific science-based protocols for the 
desired performance and use of SIP. For example, during the 
COVID-19 pandemic, infusion pumps are often placed outside 
the patients’ rooms to avoid dissemination of the virus and 
contamination of the pumps; however, the use of long IV 
lines with loops between the equipment and the patient’s 
vascular access site can increase the risk of flow inaccuracy.

Start-up delay is a documented concern related to the 
use of SIP, which can compromise patient safety during drug 
infusion in critically ill patients. The start-up delay can be a 
consequence of using the same syringe size for infusion 
at different rates programmed in the SIP, in addition to the 
mechanism of infusion and system complacency, possibly 
resulting in medication errors(6–11). 

Infusion pumps are used to deliver most IV fluids and 
drugs and medication errors during the administration pro-
cess are known to be a frequent cause of adverse events in 
hospitals(11). During the administration of critical drugs in 
severely ill patients, the delay in continuous fluid delivery 
after starting the infusion pump can lead to severe adverse 
events that compromise patient safety(4,12). 

The aim of this study was to investigate the delay in ini-
tiation of the infusion with two different brands of infusion 
pumps according to different infusion rates and purging 

techniques for IV sets, namely, bolus administration and 
manual filling of the syringe and IV set.

�METHODS

Study design

An experimental study was conducted in the city of Sao 
Paulo under controlled conditions of temperature (22±2 °C) 
and humidity (62±6%). 

Sample

Two different commercially available brands of SIP named 
A and B comprising six pieces of equipment (three pieces 
of equipment of each SIP brand were used to control a 
possible variation within the same brand), were randomly 
set at infusion rates of 0.3 mL/h, 0.5 mL/h, 1.0 mL/h,5,10, and 
20 mL/h, and two IV tube purging techniques were used to 
verify the occurrence of start-up delay. 

The infusion pumps were obtained directly from the 
manufacturers with quality control inspection approval and 
certification. The manufacturers had no influence on the 
study design and development. SIP A could be programmed 
to be used with 10 mL, 20 mL, and 50 mL syringes, and the 
SIP B was compatible with 5 mL, 10 mL, 20 mL, and 50 mL 
syringes. The infusion rates could range from 0.1 mL/h to 
999.9 mL/h in both devices. According to the manufactur-
er’s instructions, the pumps were programmed to pressure 
alarm limits of 40 kPa.

Data Collection

Syringes of 50 mL (14.2 x 3 x 3 cm) of the same batch 
of production (Terumo®, Japan) were prefilled with normal 
saline solution (NaCL 0.9% in water), and the IV tubing was 
purged manually or by pushing the bolus button of the SIP. 

For manual purging, the IV tubing was manually filled 
by the researcher with positive pressure applied using the 
hands, without the use of any device. The bolus filling of the 
IV tubing was performed by pressing the bolus button of the 
SIP. Both techniques are followed by the nurses in clinical 
practice when using the SIP. The use of an electronic bolus 
of the SIP followed the manufacturer’s recommendations.

A low-compliance IV tubing made of polyvinyl chloride, 
150 cm long and 10 mL of fluid for priming was used. A 
three-way stopcock was installed between the syringe and 
the tubing to maintain the solution and pressure inside 
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the IV system after purging it manually or using the bolus 
option of the pumps. At the end of the IV tubing a 24-gauge 
polyurethane catheter was installed. 

The infusion pump was placed on a saline support 90 
cm from the floor, simulating the height of the patient’s bed. 
The distal tip of the catheter remained in the same line as 
the equipment and, at the beginning of the experiment, the 
syringe was placed in the infusion pump and connected to 
the catheter, simulating clinical practice, and the catheter 
was inserted into a graduated beaker Becker. The IV system 
was checked twice for creases, loops and the presence of air.

To study the start-up delay, an analytical balance Shi-
madzu® (AUY220, Japan) was used, and the time of the first 
drop identified by the balance after the start of the infusion 
was registered by the equipment and by a precision chro-
nometer (Lineup®, Brazil), in minutes. The analytical balance 
has lateral and superior doors to allow the placement of the 
substances to be measured over the balance plate in the 
interior, and once the lateral doors are closed, a reduction 
in external influences is obtained, enhancing the precision 
of the measurements. The Becker with the final tip of the IV 
system was placed inside the balance, and the doors of the 
analytical balance were closed, just maintaining a minor por-
tion of the superior door opened to the IV system entrance. 

The study was conducted between March and 
December 2016.

Data Analyses

Data were registered in the software Microsoft Excel®, 
and analyzed according to mean and standard deviation. 
For the analysis of variance, Student’s t-test and ANOVA tests 
were used (p≤0.05). 

Ethical considerations

Since this was a laboratory study with no involvement 
of human beings, it did not require approval from the ethics 
committee or subject consent forms. The names and brands 
of the SIP are not revealed; thus, there is demonstrate no 
commercial purpose or conflicts of interest. 

�RESULTS

A total of 72 measures of the time spent in the first infusion 
were analyzed. The dependent variable was analyzed for each 
SIP brand (Table 1), and the purging technique (Table 2) was 
considered as an independent variable.

Table 1 – Start-up delay in the SIP A and the SIP B, in minutes, according to infusion rate and priming technique. São Paulo, 2016

Star-up delay

Infusion 
Rate

SIP A

p†

SIP B

p†
Manually
Mean (SD)

e-Bolus* 
Mean (SD)

Manually
Mean (SD)

e-Bolus* 
Mean (SD)

0.3 mL/h 74.2 (25.8) 6.7 (2.5) 0.010 97.7 (10.7) 19.3 (10.6) <0.001

0.5 mL/h 70.9 (17.7) 3.0 (1.5) 0.002 44.2 (13.4) 7.7 (2.5) 0.009

1 mL/h 25.5 (7.7) 0.2 (0.2) 0.004 34.7 (19.9) 3.0 (1.6) 0.051

5 mL/h 4.3 (3.8) 0.6 (0.3) 0.273 5.0 (1.2) 0.1 (0.7) 0.003

10 mL/h 1.8 (0.8) 0.7 (0.4) 0.495 2.3 (0.6) 0.4 (0.1) 0.006

20 mL/h 0.9 (0.8) 0.3 (0.2) 0.230 0.9 (0.3) 0.1 (0.1) 0.016

p‡ <0.001 <0.001 <0.001 <0.001

Legend: SIP A: syringe infusion pump of the brand A; SIP B: syringe infusion pump of the brand B; *electronic bolus; † t Test; ‡ ANOVA.
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Table 2 – Start-up delay according to the priming technique, in minutes, and infusion rate with SIP A and SIP B. São Paulo, 2016

Star-up delay in minutes

Infusion Manually

p*

e-Bolus

p*
Rate

SIP A SIP B SIP A SIP B

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

0.3 mL/h 74.2 (25.8) 97.7 (10.7) 0.219 6.7 (2.5) 19.3 (10.6) 0.116

0.5 mL/h 70.9 (17.7) 44.2 (13.4) 0.104 3.1 (1.5) 7.7 (2.5) 0.049

1 mL/h 25.5 (7.7) 34.7 (19.9) 0.495 0.2 (0.2) 3.0 (1.6) 0.039

5 mL/h 4.3 (3. 8) 5.0 (1.2) 0.755 0.6 (0.3) 0.1 (0.7) 0.282

10 mL/h 1.8 (0.8) 2.3 (0.6) 0.393 0.7 (0.4) 0.4 (0.1) 0.310

20 mL/h 0.9 (0.8) 0.9 (0.3) 0.854 0.3 (0.2) 0.1 (0.1) 0.268

Legend: SIP A: syringe infusion pump of the brand A; SIP B: syringe infusion pump of the brand B; * t Test.

The results presented in Table 1 demonstrate that there 
was a significant variance in the start-up delay, and the delay 
was higher with lower infusion rates in both devices (p<0.001).

The highest delay observed in infusion pump B was 97.7 
minutes (± 10.7) at 0.3 mL/h, and the shortest delay was 0.1 
minutes (± 0.1) at 20 mL/h. As the infusion rate increased and 
the equipment’s electronic bolus option was used to purge 
the IV tubing, all devices demonstrated better performance. 
It was found that the electronic bolus filling technique led 
to less start-up delay at all infusion rates with infusion pump 
B, and with pump A at 0.3 mL/h, 0.5 mL/h, and 1.0 mL/h. 

The delay in both SIP A and B at all flow rates studied was 
statistically similar when the IV tubes were purged manually; 
however, there was a shorter delay in SIP A at 0.5 mL/h and 
1.0 mL/h when the electronic bolus mode was used (Table 2).

�DISCUSSION

The results of this study showed that the technique of 
purging IV tubes prior to infusion influenced the performance 
of the SIP. This influence was seen more in SIP B and at flow 
rates below 1 mL/h. At a rate of 20 mL/h, the devices were 
more accurate, demonstrating a start-up delay of approxi-
mately one minute.

Another study that analyzed the performance of SIP at a 
rate of 1.0 mL/h found that passing an initial bolus of 2 mL 
through the tube before connecting the infusion system to 

the patient reduced the start-up delay. The time to start the 
infusion ranged from six to 50 min, showing shorter boot 
times when bolus was performed(13). In the present study, 
at a rate of 1.0 mL/h, the use of bolus function decreased 
the delay by approximately 25 min in SIP A and 31 min in 
B. The delays with low infusion rates identified in this study 
and mainly when the IV system was filled manually can lead 
to severe adverse events related to delays in medication 
delivery in clinical practice. 

The electronic bolus function of the equipment probably 
enhanced the SIP accuracy and reduced the start-up delay 
due to a balance of pressures achieved within the infusion 
system. To initiate the administration, the equipment’s in-
fusion pressure must overcome the hydrostatic pressure, 
the resistance of the syringe plunger, and complacency of 
the IV set. At low infusion rates, the time spent to overcome 
these pressures resulted in longer start-up delays. However, 
if the electronic bolus is activated and the pressure required 
to overcome the other influencing pressures is maintained 
in the IV set, the programmed rate can be achieved more 
accurately at low infusion rates. At higher rates, these pres-
sures are overcome more quickly, demonstrating less effect 
of electronic bolus on SIP accuracy.

It is important to highlight the variations in the devi-
ation values in SIP A and SIP B (notably in SIP A), and with 
both purging techniques, mainly at low infusion rates. The 
results indicate that there were variations within the same 
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equipment brand. This hypothesis was based on our clinical 
experience of performance variations with the equipment 
of the same brand; hence, we decided to study three pieces 
of equipment from each manufacturer. 

In this experiment, we used 50 mL syringes, which 
can influence the clinically relevant delay identified at low 
infusion rates. These findings corroborate those of other 
studies, which showed the effect of using 50 mL syringes 
at low rates, compared to that with 10 mL syringes(9,14). 
One study demonstrated that the equipment required 
almost one hour to achieve 50% of the programmed flow 
rates with 50 mL syringes, while with 10 mL the time was 
approximately 20 min. This phenomenon occurs because 
of the pressure exerted by the equipment to override the 
system complacency, and applying the bolus reduces the 
system resistence(9). In critical care units, 20 or 50 mL sy-
ringes are usually used with infusion pumps, regardless of 
the infusion rate, for drugs or solutions that require 24 h of 
continuous infusion. The results of our study and those of 
previous studies reinforce the need for considering using 
smaller syringe sizes at low flow rates. 

In addition, the findings related to the significant impact 
of the purging technique on SIP performance have rele-
vant implications for clinical practice, demonstrating that 
filling the infusion system using the bolus mode instead of 
manually enhances the device performance during drug 
administration at low rates.

These data are especially important for anesthesiology 
and critical, neonatal, and pediatric care to prevent or reduce 
the impact of adverse events, mainly related to infusion of 
catecholamines and other vasoactive drugs(10). In 2020, an 
in vitro study demonstrated the performance variations in 
modern equipment at low infusion rates, impacting the 
efficacy of short-acting cardiovascular drugs(6).

The features of the SIP, position of the equipment, syringe 
size, multidrug infusion, and infusion rate compromise the 
quality of the infusion(11,12,15). Another experimental study 
showed that a SIP has flow delays and irregularities and that 
only flow controllers can resolve most of the performance 
concerns associated with pumps.(7) One study reported that 
start-up delay is critical to analyze the SIP performance and 
safety, especially in critical care patients receiving drugs at 
low flow rates(12).

Therefore, additional caution is necessary when using SIP 
at the lowest flow rates, mainly during the use of vasoactive 
drugs in severely ill patients. The lowest flow rates can lead 
to the highest start-up delays; hence, clinicians should use 
flow rates under 1 mL/h only in specific situations due to the 
increased risk of dosing errors and related adverse events.

This study has limitations regarding the possible influence 
of the size or brand of the syringe on the accuracy of the 
analyzed equipment. Studies with other sizes and brands 
of syringes should be conducted to understand the influ-
ence of different types of accessories used in intravenous 
therapy on dosing errors. Moreover, only two brands of SIP 
were investigated, compromising the generalization of the 
results to other similar equipment. 

Start-up delay has a high potential to compromise pa-
tient safety during the use of vasoactive drugs in patients 
in intensive care, as the delay in the infusion can lead to a 
deleteriously long time to start drug therapy. A simple strat-
egy of using electronic purging can significantly increase the 
equipment performance at low infusion rates. Nurses can 
use this option especially during the infusion of vasoactive 
drugs at low infusion rates.

�CONCLUSION

The start-up delay was higher at lower rates, mainly at 
the infusion rate of 0.3 mL/h. 

The purging technique influenced the performance of 
the SIP, especially causing a start-up delay with low infusion 
rates. Purging the IV system through the bolus option of 
the pump, thereby maintaining the pressure within the IV 
system, led to shorter delays, improving the SIP performance. 
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