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Fluid resuscitation is frequently used in the treatment of pediatric septic shock. The 
American College of Critical Care Medicine (ACCM) guidelines recommend early and rapid 
delivery of 20 ml/kg fluid boluses targeted at the reversal of shock.1 Adhering to these fluid 
delivery guidelines has been shown to reduce mortality, organ dysfunction, length of hospital 
stay, and is a main component of sepsis bundles.2-4 Unfortunately, the recommended 
guidelines are often not met due to the technical barriers of fluid delivery, including slow 
infusion rates and complex or inefficient methods.2,5,6

The disconnect-reconnect technique (DRT) and push-pull technique (PPT) are 
commonly used to deliver fluid boluses to pediatric patients with septic shock.10 Maintaining 
aseptic technique while using these methods is challenging as both methods include many 
steps in which syringes, stopcocks, and tubing can become contaminated. Repeated use of the 
sterile disposable syringes in both techniques increases the possibility of exposure to 
pathogens from the provider’s hands and the environment. Numerous studies have 
demonstrated that pathogens are easily transferred from contaminated gloves into the fluid 
being infused. 7-9 These contamination risks are directly related to the number of syringe 
plunger strokes.7 This contamination potentially increases the risk for hospital-acquired 
infection. The objective of this study was to evaluate the average number of aseptic violations 
that occur during the use of both DRT and PPT. 

Introduction
An average of 31 (SD=28) and 20 (SD=10.5) aseptic violations per study participant 

(n=4) were observed during the 500 mL bolus administration using both DRT and PPT 
respectively. The majority of observed violations occurred due to hand contact with the sterile 
portion of the plunger. The other common violation was missing the connection when attaching 
a reused syringe to a patient’s IV needleless connector, therefore potentially contaminating tip 
of the syringe and subsequently the patient’s IV tubing. Photographs showed fluorescein 
present inside the syringe (Figure 1a-d), which demonstrates how contaminants can travel 
through the syringe when aseptic technique is violated. 

Aseptic Technique Violations
Four pediatric critical care nurses were asked to deliver 500 mL of saline to a simulated 25 kg 
patient through a 22G IV catheter using both the PPT and DRT techniques. Aseptic violations 
were recorded by an independent observer.
Procedure:
• Clinicians were informed that they will be observed infusing 500 mL as quickly as possible, 

and that their infusion times would be recorded.   
• Clinicians were specifically asked to use aseptic technique during infusion and provided 

gloves and alcohol wipes, but were not specifically informed that aseptic technique was 
being observed. 

• Clinicians were given their choice of setup (i.e. syringe size, IV tubing, and stopcock) for both 
PPT and DRT.

• Clinicians were video-recorded while pulling fluid from the bag and delivering fluid to the 
simulated patient during the use of both techniques. 

Benchtop Demonstration of Syringe Contamination
Fluorescein dye was applied to the rib of the 20 mL syringe plunger and cycled to simulate a 
500 mL bolus (Figure 1a-c). Photographs were taken under ultraviolet light.  

Methods and Materials

All clinicians in this study frequently violated aseptic technique. The most common 
aseptic violation, regardless of fluid delivery technique, was repeatedly touching the sterile 
portion of the syringe plunger. Within this sample of clinicians, there was no difference between 
DRT and PPT, which had averages of 31 and 20 (P=0.9) aseptic violations per participant 
respectively.  As seen in Figure 2a-e, there are a variety of techniques utilized for pulling and 
pushing the plunger when performing PPT and DRT. The manner in which DRT is performed 
provides clinicians with many opportunities to violate aseptic technique. While PPT offers fewer 
distinct opportunities for aseptic violations, the same violations are repeated frequently. Figure 
3 Demonstrates the total number of violations by infusion technique as well as the total average 
violations for both PPT and DRT. Previous research has shown that the repeated contact of the 
syringe plunger with a gloved hand causes bacteria to travel into the fluid which is then infused 
into the patient. 7-9  

The other common violation was missing the connection, “bouncing”, when attaching a 
syringe to a patient’s IV needleless connector, therefore potentially contaminating the tip of the 
syringe and subsequently the patient’s IV tubing. Clinicians were also observed contaminating 
their fill needle (Figure 2c) while not in use, and exposing the tip of the syringe to potential 
contamination. Participants in this simulation were told that they were being timed, however in a 
true emergent scenario a clinician might be much more hurried which could decrease their 
ability to precisely and sterilely attach the syringe to the patient’s needleless connector.

In this simulated scenario, each clinician was given their choice of DRT setup. Three of 
four clinicians chose to connect to the bag with an 18G sharp, or filtered, fill needle to pull fluid 
from the IV bags. The fourth clinician chose to spike the bag with an IV line and used that to fill 
their syringe. It is recognized that each hospital might have a protocolized setup for DRT, but 
the reuse of syringes and needles is still being widely used in clinical practice. There are other 
methods for fluid delivery that eliminate the reuse of syringes and needles. Some examples 
are: prefilled or factory filled syringes, or LifeFlow.  The LifeFlow syringe is enclosed beneath a 
clear canopy, preventing inadvertent contamination. 

Discussion

Unintentional violations of aseptic technique are common during rapid fluid resuscitation 
with DRT and PPT, two frequently used techniques, potentially increasing the risk of 
nosocomial infection when using these methods. This highlights the need for an alternate 
technique for the rapid and measured delivery of fluid boluses for children with septic shock. 
Preventing contact with the syringe plunger, and minimizing the number of times a syringe is 
connected to an IV tubing without cleaning the connector would reduce the risk of 
contamination when rapidly infusing fluids. 

Conclusions

Results
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The images in Figure 2 highlight the numerous aseptic violations a clinician could make during both 

PPT and DRT.  Images a and e are examples of syringe plunger violations in both techniques, image b 

and d are examples of a clinician missing their fill needle connector and patient’s needleless connector 

when attempting to reconnect the syringe. Image c is an example of a clinician contaminating their fill 

needle connector. 

Limitations and Next Steps
Limitations
• Small sample size of n=4

• Simulation was not a true representation of a clinical emergency

Next Steps
• Increase number of clinician participation

• Increase emergent nature of the simulation 
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