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Executive summary
National guidelines recommend early and rapid fluid resuscitation as a key element of care in septic
shock.1,2 Adherence to these guidelines significantly improves patient outcomes, including mortality,
hospital length of stay, and organ dysfunction. Common barriers to guideline adherence include
difficulty with vascular access and the limitations of current fluid delivery techniques. This simulationbased study evaluated the LifeFlow Rapid Infuser, a novel device for rapid fluid infusion. When
compared to current methods across a range of catheter sizes, the LifeFlow device resulted in
significantly faster delivery of a 1 liter fluid bolus.
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Introduction
The LifeFlow Rapid Infuser is a hand-operated device that enables healthcare providers to rapidly and
accurately deliver intravenous (IV) fluids to critically ill patients. Early fluid resuscitation is particularly
important in patients presenting with shock and hypotension, where delays in recognition and treatment
may have a profound effect on morbidity, mortality, and hospital length of stay (LOS). 3-9 The American
College of Critical Care Medicine/Pediatric Advance Life Support (ACCM/PALS) guidelines for septic shock
specify that patients receive 20 mL/kg within five minutes of establishing vascular access, and up to 60
mL/kg in the first 15 minutes of care until perfusion improves. 1,10 The Surviving Sepsis Campaign guidelines
and other adult protocols also support rapid fluid administration. Multiple studies have demonstrated
decreased mortality, length of stay, cost, and organ dysfunction with early and rapid fluid delivery.6,7,8,11
Current methods of fluid delivery are often slow and inefficient, limiting the ability of health care providers
to achieve fluid delivery goals.

Standard methods of fluid resuscitation include gravity infusion, IV infusion pumps, pressure bags, and the
use of the manual “push-pull” syringe technique (PPT), which is commonly used in pediatric emergency
care. All of these techniques have drawbacks that limit the ability of providers to achieve fluid delivery
goals. Infusion pumps deliver a maximum rate of 1000 mL/hr and can only achieve 60 mL/kg over 15 min in
patients weighing less than 4 kg. Gravity flow is also universally inadequate when rapid fluid delivery is
required to reverse shock and hypotension. The addition of a pressure bag (PB) has been shown to speed
fluid delivery, but this technique requires constant re-inflation to achieve adequate flow.12,13 With PPT,
providers may be able to achieve ACCM/PALS guidelines, but the technique is complex, labor-intensive, and
can result in syringe contamination.12-15

In contrast, LifeFlow provides a simple and intuitive method for rapid, controlled, and measured fluid bolus
delivery. This technique enables healthcare professionals to respond immediately when a patient requires
rapid fluid resuscitation. Prior studies comparing LifeFlow to standard fluid delivery alternatives have
demonstrated that LifeFlow provides fluid volume faster than standard techniques and improves the
accuracy of fluid bolus size administered compared to standard techniques. 16 Prior studies have not
compared infusion rate across a comprehensive range of catheter sizes. The purpose of this study is to
compare the rate of fluid delivery for LifeFlow, PB, and PPT across a range of typical catheter sizes.
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Methods
Four critical care clinicians, each with more than five years of experience, participated in the study. Study
participants were asked to infuse 1 L of saline into a patient simulator at the Center for Innovative Learning,
a medical simulation center at WakeMed in Raleigh, NC. All clinicians had prior experience with LifeFlow,
PPT, and PB methods. In each case, the participant was asked to follow hospital or manufacturer protocol
to set up and deliver 1 L of saline to the patient simulator as quickly as possible. Prior to the study initiation,
a testing plan was developed pairing venous catheter size (16 G, 18 G, 20 G, 22 G, and central venous
catheter [CVC]) with resuscitation method (LifeFlow, PB, and PP) and randomizing across study participants.
IV catheter, alcohol wipes, gloves, and fluid bags were provided. The 1 L saline bag was weighed prior to
and after infusion in order to confirm when 1 L was infused. To mimic typical clinical use, pressure bags
were inflated at scenario start according to instructions but not re-pressurized during fluid delivery. Setup
and infusion times were recorded for each infusion method and corresponding IV gauge. Flow rates of the
three techniques were compared using Analysis of Variance (ANOVA) and pairwise comparisons correcting
for multiple comparisons using the Tukey Method.

Results
The average flow rate with LifeFlow was highest in the 20 G catheter (218 mL/min) and slowest in the CVC
(126 mL/min) (Table 1, Figure 1). In all catheter sizes, the LifeFlow device significantly outperformed both
PB and PPT (p<0.01).

Table 1. Speed comparisons for Pressure Bag, Push Pull, and LifeFlow methods in
mL/min
mL/min
Gauge
Pressure Bag
Push Pull
LifeFlow
p-value
16
120
125
218
0.003
18
96
110
192
<0.001
20
80
101
223
<0.001
22
46
84
193
<0.001
CVC
47
72
126
<0.001
*CVC=central venous catheter
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Figure 1. Speed (mL/min) comparison for
various IV gauge sizes and rapid fluid
infusion methods
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Discussion
Early, rapid fluid resuscitation improves patient outcomes in hypotensive patients such as in septic shock.
Yet fluid delivery guidelines are often not met due to the inefficiency of current methods.14,17 Previous
LifeFlow studies have demonstrated a speed advantage for LifeFlow compared to PB and PPT methods for a
single catheter size.16 In this study, LifeFlow was compared to PB and PPT across a comprehensive range of
catheter sizes. For all catheter sizes, LifeFlow yielded faster infusion rates when compared to PB and PPT
methods. The advantage is especially pronounced (up to 6 times faster) with CVC’s and catheters 18 G or
smaller, which are often required with patients in shock. This study suggests that LifeFlow offers clinicians
a more rapid option for fluid resuscitation that may enable more consistent compliance with fluid delivery
guidelines in ACCM/PALS, Surviving Sepsis, and other protocols.
While LifeFlow performs faster than PB and PPT with all gauge sizes, the rate of infusion through 16 G and
18 G catheters was slightly slower than with 20 G catheters. This may be attributed to the perception of
greater ease of use through larger catheters, which prompts the user to relax and apply less force, resulting
in modestly lower flow rates.
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Limitations
This was a single center, simulation-based study using a small convenience sample of critical care providers.
This simulated environment did not include the tasks, distractions, and stress of actual clinical care. These
factors almost certainly further impact rates of fluid administration and may actually increase the
difference between common techniques and LifeFlow. Further simulation and clinical studies with a larger
and more diverse group of health care providers are warranted.

Conclusions
The LifeFlow Rapid Infuser delivers fluid significantly more rapidly compared to PB and PPT technique in a
simulated patient. These findings support the use of the LifeFlow in patients requiring life-saving rapid and
early fluid administration.
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