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Abstract 
Background: To carry out a successful venipuncture it is necessary to identify a specific point on a vein and maintain 
stability of the needle tip.  

Methods: This study compared the motion of straight and butterfly needles during venipunctures carried out by novice 
nurses before and after educational intervention. The nurses were videotaped whilst performing venipunctures on a 
simulated model arm.  

Results: The findings of the study showed that butterfly needles were inserted at a greater angle than straight needles. The 
use of straight needles involved a shorter venipuncture time, with the puncture points being closer together following 
educational intervention. However, the distance butterfly needles moved during venipuncture was greater after inter- 
vention. It appeared that picking-up the wing of the needle caused instability, leading the nurses to place their hand on the 
model and to have difficulties performing the needle stab. After educational intervention the nurses were able to advance 
the needle into a blood vessel. 

Conclusions: Skin at the puncture point extends and may enter the inside of a vein. It is therefore important to maintain an 
appropriate puncture point and angle without shaking or rotating the needle. It is also necessary to practice to achieve 
stable movements of the needle and appropriate movements of the hand. 
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1 Introduction 
Appropriate attention to system factors that contribute to errors and design of intelligent systems may help control and 
eliminate many errors in health care [1]. The majority of errors during venous blood testing result from human mistakes that 
occur before the sample reaches the laboratory. Given the large number of venous blood samples collected, preanaly- 
tical errors have the potential to cause an unacceptably high number of adverse effects on patient care [2]. Performing 
venipuncture and starting intravenous infusions are among the most challenging clinical skills nurses are required to 
master. Nurses also review laboratory records, which often identify procedures, conditions, and even individual clinicians 
who were associated with blood samples that could not be processed or testing results that were inaccurate [3].  
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Complications resulting from venipuncture include nerve damage, hematomas, and neuropathic pain. The occupational 
transmission of blood-borne viruses through a needle-stick injury (NSI) has been recognized widely over the past 20  
years [4]. NSIs are a significant potential risk with the use of sharp devices. The incidence of NSIs and the costs associated 
with their management can be reduced through the adoption of safer work practices [5]. Although there is considerable 
information on the incidence and causes of needle-stick and sharps injuries in trained nurses, there is a lack of similar 
information in the student nursing population [6]. Only a few nursing schools offer hands-on learning, while hospitals 
typically provide only limited opportunities for supervised practice [7]. Nursing school students are particularly susceptible 
to occupational needle-stick injuries due to their limited clinical experience [8]. Whilst performing their clinical assign- 
ments in hospitals, medical students are also at risk of needle-stick injury and the possibility of developing infections from 
blood-borne pathogens such as the human immunodeficiency and hepatitis B and C viruses [9].   

Occupational exposure to blood-borne pathogens remains an important and largely preventable issue in hospital practice. 
For the first attempt at venipuncture it is necessary to consider what equipment should be used and how the procedure 
should be carried out. 

The most common devices used for venipuncture are syringes or vacuum-tube holders, both of which can be connected to 
straight or butterfly needles. Basic training for venipuncture in Japan has focused mainly on the syringe method. In this 
method blood flows into the needle hub the instant the needle enters the vein, whereas when a vacuum tube is used it 
cannot be ascertained whether the needle has entered the vein until blood enters the tube. The butterfly devices design 
allows for ease of multiple tube collection, but the short needle length limits their utility to surface veins [10]. Collection 
systems where blood is drawn through butterfly needles may result in significantly more hemolysis than blood obtained by 
venipuncture using conventional needles [11]. The use of butterfly needles is recommended when puncturing sites that have 
a high risk of causing nerve injury [12]. However, the education methods for using butterfly needle have not been fully 
established. A safety strategy is therefore needed, and in order to develop appropriate venipuncture procedures, nurses 
should take advantage of these devices [13].  

It is necessary to develop programs for the initial education of nurses. Clinical simulation is now having a significant 
impact on health-care education across professional boundaries in both the undergraduate and postgraduate arenas. 
However, the quantity and quality of research on education involving simulation remains limited [14]. Simulation training 
with forced feedback has been shown to significantly improve measurement of cricoid pressure in the clinical setting. It 
has also been proposed that simulation training should be used more frequently to train and maintain resuscitation  
skills [15]. It is therefore important that a link is made between this literature and venipuncture simulation. 

Problems commonly observed during venipuncture include needle movements during puncture and insertion, involving 
rotation and insertion in a wave-like trajectory. Appropriate training, including recommendations to maintain stability of 
the needle tip, is therefore important to ensure safety during venipuncture [16]. It is necessary to define a point on the vein 
with the needle and focus carefully on needling this point. The aim of this study was to compare the movements of straight 
and butterfly needles during venipuncture carried out by nurses before and after educational intervention. 

2 Methods 

2.1 Subjects 
The study was carried out in a hospital in Japan in August 2012. Nine novice nurses with three months of post-registration 
work experience participated in the first investigation. The participants performed five venipunctures using a 20-ml 
syringe and either straight or butterfly needles. The participants were given the following instructions after the first 
demonstration; “Consciously insert the needle towards the same point, and be aware of the need to reduce turning the 
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2) Time of needle movement: The number of frames from time (b) to time (a) were counted and the total reduced by 1. The 
number of seconds was calculated by dividing the result by 59.94. 

3) The distance travelled by the needle was calculated as: √ ((X2 –
 X1)

2 + (Y2 –
 Y1)

 2), using the X-Y coordinates for times 
(b) and (a), respectively. The amount of motion occurring from one frame to the next was calculated. 

4) The distances between puncture points during multiple punctures were also measured. 

2.5 Data analysis 
Data were analyzed using SPSS software (SPSS 19.0 for Windows; IBM, Japan). Paired t-tests were used to examine the 
data collected before- and after educational intervention. P < .05 were considered significant. 

2.6 Ethical approval 
Ethical approval was obtained from the ethics committee of the Graduate School of Health Management, Keio University. 
The participants were provided with an explanation of the study objectives and were informed they would not be penalized 
for withdrawing from the study. 

3 Results 

3.1 Differences in venipuncture technique before and after intervention 
The seven participants had a mean age (± standard deviation) of 22.9 ± 3.3 years. Table 1 shows the differences in 

observation parameters before and after educational intervention. The angle of the straight needle, which represented 

puncture angle, was 19.3 ± 6.3o before intervention and 19.5 ± 6.5o after intervention, while the corresponding angles for 

the butterfly needle were 26.3 ± 7.3o and 26.7 ± 7.9o. The time of needle movement for the straight needle was 4.3 ± 1.6 s 

before intervention and 3.7 ± 1.7 s after intervention (P = .018). The mean distance between puncture points during 

multiple punctures using a straight needle was 4.6 ± 3.7 mm before intervention and 2.4 ± 1.7 mm after intervention (P = 

.004). 

Table 1. Differences in before and after intervention 

 Straight needle  Butterfly needle 

 n Before After P *1  n Before After P *1 

Angle(degree)          

Contact between the needle and model 26 19.3(6.3) 19.5(6.5) .812  26 26.3(7.3) 26.7(7.9) .786 

MP joint of the first fingers 26 30.1(9.1) 29.2(5.5) .619  26 57.1(7.7) 53.1(10.4) .346 

MP joint of second fingers 26 15.1(11.0) 13.4(7.9) .330  26 41.0(7.2) 36.4(8.8) .171 

Time(second)          

Time of the needle movement 26 4.3(1.6) 3.7(1.7) .018  26 2.6(0.7) 2.5(1.0) .604 

Movement distance(mm)          

Needle movement 26 20.2(7.3) 19.2(6.1) .574  25 11.7(2.2) 14.0(3.9) .006 

Needle movement; First one second 26 6.2(2.6) 6.7(3.9) .366  25 5.2(2.0) 6.7(2.4) .001 

Puncture points during multiple puncture 26 4.6(3.7) 2.4(1.7) .004  22 2.9(2.1) 4.6(4.4) .149 
*1: Paired- t test; Mean(Standard Deviation) 

Movement of the butterfly needle was 11.7 ± 2.2 mm before intervention and 14.0 ± 3.9 mm after intervention (P = .006), 

while first needle movement was 5.2 ± 2.0 mm before intervention and 6.7 ± 2.4 mm after intervention (P = .001). Before 
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to the tip of the needle. The nurses were therefore required to needle the identified point by focusing on the needle tip. This 
strategy proved effective as a first learning experience. 

It is necessary for nurses to learn venipuncture skills in order to minimize risks to the patient. The first attempt at 
venipuncture on a patient should be easy, with prominent veins being visible on the surface. Puncture using a butterfly 
needle is performed whilst holding both wings with the first and second fingers. The needle and wings are therefore 
integrated and venipuncture can be performed easily on surface veins. As the butterfly consists of a winged needle and 
plastic tubing, the vacuum-tube holder or syringe are separated from the needle by tubing. However, our study showed it 
was easier to puncture the skin using a straight needle than with a butterfly needle, and that the butterfly needle was 
inserted at a greater angle than the straight needle. The MP joint of the first and second fingers also showed a higher angle 
with the butterfly needle.  

In order to prevent nerve injuries during venipuncture it is first necessary to retract the skin and stabilize the vein, before 
inserting the needle at a 5 to 15o angle. The angle is then lowered to thread the catheter into the vein [18]. However, in our 
study it proved difficult to penetrate the skin of the model using this lower angle. When the needle angle was raised this 
resulted in the nurses often placing their hand on the arm. It is dangerous for the needle to be inserted too deeply as it is 
possible to cause nerve damage and also not result in entry into the vein. The area of the fifth metacarpal bone was attached 
to the simulator model so that the average angle of puncture using a butterfly needle was 26.3°. The angle of each point 
lowered after educational intervention. Prior to intervention, the nurses placed their fifth metacarpal bone on the model, 
and had limited ability to move the needle forward in small steps.  

After educational intervention there was an increase in the distance the needle moved. We also showed movement was 
limited by using some fingers for stability. In order to lower the angle of the needle the nurses were required to turn their 
hand upwards, which resulted in the entire needle turning and being poorly positioned within the blood vessel. Practice to 
ensure needle stability was necessary when a finger was not placed on the skin to maintain stability.  

Frequent venipunctures usually cause pain, skin damage, and superficial bleeding in patients [19]. It is necessary for nurses 
to become used to handling needles. The benefit of using simulation exercises as an adjunct to didactic teaching was 
described in a report on hospital nurse educators who used simulation methodology to educate nurses on the complexity of 
safe administration of medication and the importance of critical thinking in daily practice [20]. Although simulated clinical 
experience is now being used increasingly in nursing education, vital evidence on knowledge acquisition associated with 
simulated clinical experience does not exist [21]. Simulation programs can play an important role in promoting patient 
safety [22]. For example, if a nurse requires correction of a technique they are able to repeat the procedure without 
assistance from another person.  

Initially, it is necessary for a student or novice nurse to become familiar with the needle puncture itself and this level of 
skill can be attained on the simulator before carrying out a venipuncture on a patient. The nurses can also use a finger for 
stability as this prevents adverse movements. For appropriate insertion of the needle into a vein it is also necessary to 
consider whether to move the hand. 

5 Conclusion 
It is necessary to use the simulator effectively in order to minimize risks to the patient. Although it is generally considered 
that it is easy to use a butterfly needle, we showed that these needles are inserted at a greater angle than straight needles. 
Because of this increase in needle angle nurses often placing their hand on the patient’s arm. 

Although the practice exercise was for only 10 days, movement of the needle became fluent during this time. A point to be 
noted before exercise involved focusing towards the same point of insertion and not applying power to the middle of the 
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needle. In other words, this involved not rolling the needle and concentrating power to the needle tip, resulting in minimal 
movement of the needle. Initially, it was necessary for a student or novice nurse to become familiar with the needle 
puncture itself. 

The study had several limitations as only a small number of nurses participated in the investigations, and only needle 
movement during the puncture was evaluated. In future studies it would be desirable to collect artificial blood from the 
veins using simulation techniques. 
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