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Executive Summary

Rapid fluid resuscitation is essential in the care of
critically ill pediatric patients, especially those
experiencing hypovolemic shock." However, common
methods of fluid delivery, such as the push-pull
technique, often fall short of achieving timely and
effective resuscitation as outlined by the
recommended guidelines. This whitepaper thoroughly
examines five primary infusion methods, highlighting
their advantages and disadvantages, and discusses
the LifeFlow Infuser, a compact, user-friendly solution
that addresses the challenges faced by traditional
methods. LifeFlow achieves the fastest fluid delivery,
minimizes contamination risks, and maintains a high
flow rate with small-gauge intravenous catheters.

Background

Rapid fluid resuscitation is an essential component of
care for critically ill pediatric patients. Hypovolemic
shock remains the most common type of shock in
pediatric patients and carries life-threatening
consequences if not treated immediately. The
mortality rate of pediatric patients presenting with

shock is three times higher than those not in shock—
regardless of whether their hypovolemia is due to
trauma or another etiology like vomiting or diarrhea.’
Pediatric patients can remain in a state of
compensated shock much longer than adults.?
However, due to their smaller overall blood volume,
decompensated shock can quickly follow and lead to
organ failure, tissue ischemia, and death.

Figure 1.
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American College of Critical Care Medicine (ACCM) and Numerous studies have documented that fluid

Pediatric Advanced Life Support (PALS) guidelines note resuscitation provided according to these guidelines
that “early recognition and rapid intervention are critical improves mortality rates, shortens the length of stay,
to halting the progression from compensated shock to and decreases costs>" (Figure 1). However, the
hypotensive shock to cardiopulmonary failure and literature also reveals that we are often unable to
cardiac arrest.”® However, early and effective fluid achieve the criteria outlined in PALS and ACCM
delivery is often not achieved when using the most guidelines due to the limitations of common fluid
common traditional methods of rapid infusion, delivery methods. 7#'

including the push-pull method.*

o . Review of Rapid Fluid Delivery Methods
ACCM and PALS guidelines specify that 20 ml/kg of

crystalloid fluid should be administered within five Five primary infusion methods are commonly used in
minutes of septic shock or hypotension symptoms the pediatric hospital setting to rapidly deliver fluid
being identified, and up to 60 ml/kg of fluid can be and blood products—infusion pump, pressure bag,
administered within the first 15 minutes of care.' Both rapid infuser, LifeFlow, and syringe (push-pull). Each
sets of guidelines advise administering 20 ml/kg fluid comes with practical concerns for efficiency and
boluses until tissue perfusion is restored, followed by contamination. The following table highlights the
assessment after each bolus to monitor for signs of important advantages and disadvantages of each of
fluid overload. these methods (Table 1).

Infusion Method Advantages Disadvantages

¢ Able to rapidly deliver bolus within recommended
guidelines 22

H ¢ Delivers precise fluid volumes in 10mL increments . ) :
Llfe FI ()W@ e Highest fFI)ow rate with small-gauge catheters3 2 i S R S
¢ Minimizes infection risk and provider fatigue24
e Easy set-up and one-handed operation
¢ Difficult to give precise amounts of fluid and measure
administered volume
e Faster fluid delivery than infusion pump or gravity e Requires constant attention to maintain flow and mitigate
Pressure Bag drip risk of air administration
¢ No technology or expensive equipment required ¢ Significant set-up time

« Poor flow rate in small-gauge catheters®
¢ Infusion requires physical effort

Equipment is expensive and may not be accessible
Difficult to set up and requires staff with specific training
Requires dedicated staff member to run the rapid infuser
May function poorly with small-gauge catheters 3

¢ Fastest method of fluid delivery once set up
Rapid Infuser e Can be used with a warmer to manage hypothermia
e Precise delivery of fluid volume

¢ Able to rapidly deliver bolus within recommended
Syringe (Push-Pull) guidelines 22

e Precise delivery of fluid volume

o Works effectively with small-gauge catheters?3

Infusion requires physical effort

Introduces risk for contamination and infection®

Causes provider fatigue, which may decrease infusion rate24
Significant set-up time

e Maximum flow rate of 999 mL/hr

e Unable to deliver bolus within recommended guidelines for
patients weighing greater than 4.2kg?2

e Requires staff training to operate

¢ Precise delivery of set fluid volume
Infusion Pump e “Hands-off” infusion
e Simple, routine set-up

Table 1. Advantages and Disadvantages of Common IV Rapid Infusion Methods



Push-Pull Method

When using the push-pull method to deliver a fluid
bolus, a syringe is attached to the fluid bag using a
three-way stopcock, allowing the staff member to pull
fluids from the bag into the syringe and then push the
fluids into the patient’s intravenous (IV) line without
disconnecting the syringe. Even without disconnecting,
the push-pull method still presents a serious risk of
contamination.

One study observing syringes inoculated with Bacillus
bacteria found that two or more strokes of the
plunger transported contaminants into the syringe’s
sterile chamber.?®

Figure 3.

This poses a dangerous infection risk for the patient.
Another study found evidence directly correlating the
number of syringe aspirations with the degree of
contamination** To deliver a 900mL bolus (following
20 ml/kg guidelines for a 15kg patient), 30 push-pull
cycles of a 30mL syringe are required. A 50kg patient
receiving a 3000mL bolus requires 100 push-pull
cycles. This pattern not only leads to provider fatigue
and delayed fluid administration but also increases the
risk of infection with each cycle®*(Figure 2).

Each year, more than 250,000 catheter-related
bloodstream infections (CRBSIs) are estimated to
occur in the U.S. alone? These infections lead to
significant morbidity and mortality, as well as
increased healthcare costs?® But in an emergency
when fluids are needed immediately, providers are
more likely to touch the syringe plunger—whether due
to fatigue, rushing, or for leverage to administer the
fluids more quickly (Figure 3). Though inadvertent,
each contact with the plunger presents a real risk for
infection.

Each manual syringe stroke can
introduce bacteria into the
° syringe barrel.2426:29

23x When using push-pull, providers often
violate aseptic
technique - up to 23 times in one study.?®

Syringes used multiple times on the same
patient have been observed to have
a 26.5% contamination rate.*°

Figure 2.
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LifeFlow

The LifeFlow Rapid Infuser is a hand-operated device
that solves challenges presented by traditional
infusion methods to enable faster fluid delivery to
critically ill patients. Its use is particularly impactful in
pediatrics since it allows providers to deliver precise
fluid volumes in 1T0mL increments and maintains a
high flow rate in catheters of all sizes. LifeFlow takes
just minutes to set up and minimizes contamination
risks since providers do not need to touch the syringe
during the infusion.

A recent study comparing the push-pull technique to
LifeFlow found that providers in a simulated patient
care environment touched the syringe plunger
(plunger violations) an average of 22.8 times while
administering the fluid bolus? Providers using the
LifeFlow handheld infuser had zero plunger violations
(Figure 4).

Frequency of Contact with Sterile Syringe Plunger
During 500ml Infusion
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Push-Pull LifeFlow.

Figure 4.




Case Study
When Minutes Matter: Treating Pediatric
Hypovolemic Shock, Part 1

An 8-month-old, 6 kg male with a history of premature
birth presented to the ED with a two-week history of
diarrhea and decreased oral intake. He had recently
completed a course of antibiotics for otitis media. He
had been to another local ED 3 days prior where his
bloodwork was reassuring, with no indication of
infection, but his mother had refused a catheterized
urinalysis during that visit, so his urine was not tested.
The infant had also been to his pediatrician within the
last two weeks for the diarrhea. His pediatrician
suspected that a milk protein allergy was causing his
Gl symptoms and had recently changed the infant's
formula.

On the current presentation to the ED, this infant had
a fever of 102.5 rectal, heart rate of 183, respiratory
rate of 48, and O2 saturation of 98%. His skin was pink
and his capillary refill was brisk. No blood pressure
could be obtained in triage due to the infant's crying.
His mother reported that over the last 24 hours he
had been sleepier and fussier than usual and had
fewer wet diapers than usual. His mother agreed to a
catheterized urinalysis this time, which came back
positive for a UTI. The infant received antipyretics, a
total of 20 mls/kg normal saline bolus IV, and a dose of
IV antibiotics in the ED, then was admitted to the
pediatric floor for observation.

Soon after his transfer to the pediatric floor, the
infant's nurse noted that the infant had dusky hands
and feet, was mottled from head to toe, had delayed
capillary refill, and had rigors. At that point, the
infant's temperature was 101.3 rectal, his heart rate
was in the 220s, and his respiratory rate was in the
70s. The infant was becoming irritable and difficult to
console. His nurse was unable to obtain a blood
pressure, likely due to poor perfusion and irritability. It
was not clear whether the deterioration was related to
sepsis or hypovolemia, but the infant was clearly
deteriorating into decompensated shock; a PICU
transfer was anticipated. In contrast to his ED
presentation a few hours earlier, this time the infant
was mottled and had delayed capillary refill.

The infant immediately received antipyretics and a
total of two, 20 ml/kg rapid normal saline boluses

within 5 minutes via the LifeFlow rapid infuser,
including set-up time, with immediate improvement in
his perfusion, his tachycardia and his tachypnea. In
contrast, the same volume administered at the highest
speed by an IV pump would have taken almost 20
minutes including set-up time. Immediately after the 40
ml/kg boluses, the infant had a temperature of 102
rectal, heart rate of 184, respiratory rate of 58, blood
pressure of 99/59, and pulse ox of 99% on room air.
Within minutes, the infant calmed and then tolerated
oral fluids for the first time in several hours. He was
able to avoid a PICU admission and remain on the
pediatric unit until he was discharged home the next
day. His blood culture was negative, and he went
home on oral antibiotics for the UTI.

Conclusion

Research shows that the best outcomes for critically il
pediatric patients occur when shock and hypotension
are managed early and effectively.! Rapid fluid
resuscitation is key to preventing decompensated
shock and life-threatening complications in pediatric
patients presenting with hypovolemic shock.
Traditional rapid infusion methods used in pediatrics
often fail to meet established guidelines for time to
bolus administration and introduce risks related to
contamination and imprecise fluid administration.

LifeFlow is compact, inexpensive, and easy to use. The
novel handheld device allows providers to accurately
deliver a fluid bolus in a much shorter timeframe than
traditional methods while maintaining a contaminant-
free environment, answering the challenges of rapid
infusion in pediatrics.




Watch a short video that demonstrates
how easily a syringe can be contaminated.
https://410medical.com/applications/pediatric/
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