
Conclusion

The enFlow™ used on a extracorporeal device can warm blood

at high blood flow rates with minimal ECV increase (4-5 ml) and

optimize hypothermia prevention. Clinicians should be mindful

that it could create resistance issues with smaller catheters or

partially dysfunctional ones if used at the highest flow rates

Methods

The enFlow™ was added in a CRRT circuit on the return line. A

closed circuit was filled with expired packed red blood cells

diluted to 40% Hct. Three probes were installed in the circuit to

assess temperature pre- and post- each blood warmer (pre-

and post-WT°), for the enFlow™ and the Prismaflo® II (Baxter,

McGaw Park, IL) (see figure 1)

Return venous pressure (RVP) was measured at varying blood

flow rates with and without the enFlow™. WT° were measured

at each flow using warmers alone and combined. The blood

was then replaced with crystalloid and WT° were measured

using the enFlow™ with the post probe moved from 28 to 10

cm after the warmer. Each variable was recorded 8 times over

2 minutes and expressed as mean and standard deviations.

Background

Circuits with lower extracorporeal volume (ECV) reduces the

need for blood priming to prevent hemodynamic instability in

children.

We performed an in vitro study of the enFlow™ (Vyaire medical,

Mettawa, IL) blood warmer to assess its warming performance

and effect on circuit resistance at a high blood flow rate

In-vitro Evaluation of Resistance and Warming Performance of 

the enFlow Blood Warmer on a CRRT Circuit
Jean-Philippe Roy, MD, James Reagor, MPS, Tom Klein, CCP, Jolyn Morgan, APRN, Aliza Palazzolo, RN, Joseph Ratcliff, RN, Stuart L. Goldstein, MD

Results

The enFlow™ was able to

achieve post-WT° between

34.1 and 35.2°C even at 200

ml/min with blood, lower then

what was reported with

crystalloid[1], but being still

more effective than the

Prismaflo® II (p<0.05 vs

enFlow™ post-WT°) which

achieved between 32.8 and

34.0°C.

Combining both warmers

achieved a mildly but

significantly higher post-WT°,

between 35.1 and 36.5°C.

(see Graph 1 and Table 2)

The enFlow™ with

crystalloid showed similar

post-WT° with a slight

improvement when

measured 10 cm vs 28 cm

(respectively between 35.2

and 37.6°C vs.34.7 and

37.0°C, p<0.05) (See

Table 3). While being

statistically significant, the

effect on the measured

temperature was minor.

Table 2. Mean pre- and post- warmer temperatures using blood with the enFlow™ and the Prismaflo® II, alone and 

combined

Blood flow (ml/min) enFlow™ (°C) Prismaflo® II (°C) † Combined (°C) †

50 Post- 35.2 ± 0.1 34.0 ± 0.1 36.5 ± 0.2
Pre- 25.3 ± 0.1 30.4 ± 0.5 29.7 ± 0.1

100 Post- 34.2 ± 0.1 32.9 ± 0.2 36.0 ± 0.1
Pre- 26.9 ± 0.4 31.1 ± 0.2 29.0 ± 0.1

150 Post- 34.1 ± 0.1 32.9 ± 0.1 35.1 ± 0.0
Pre- 27.8 ± 0.1 31.8 ± 0.1 30.2 ± 0.7

200 Post- 34.6 ± 0.2 32.8 ± 0.0 35.8 ± 0.1
Pre- 30.2 ± 0.4 31.9 ± 0.1 33.2 ± 0.4

Expressed as mean and standard deviation
†Post-warmer temperature statistically different from the enFlow™, p<0.05

Table 3. Mean pre- and post- warmer temperatures 

using crystalloid with probe at 10 and 28 cm after the 

warmer

Blood flow 

(ml/min) 10 cm (°C) 28 cm (°C) †

50 Post- 36.3 ± 0.0 35.9 ± 0.1

Pre- 26.4 ± 0.1 23.3 ± 0.2

100 Post- 35.2 ± 0.1 34.7 ± 0.1

Pre- 26.2 ± 0.1 22.8 ± 0.1

150 Post- 36.9 ± 0.0 37.0 ± 0.1

Pre- 26.7 ± 0.2 22.7 ± 0.1

200 Post- 37.6 ± 0.1 36.6 ± 0.1

Pre- 27.7 ± 0.3 24.0 ± 0.3
Expressed as mean and standard deviation
†Post-warmer temperature at 10 and 28 cm statistically 

different, p<0.05
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Graph 1. Blood warmers performance with blood

Fig 1. Schematic of the closed loop experimentation setup

Results

RVP was statistically

higher with the

enFlow™ at all flow

rates but was still

within clinically usable

range even at 200

ml/min (see Table 1)

Table 1. Mean Venous Return Pressure with and without the 

enFlow™

Blood flow 

(ml/min)

Pressure with 

enFlow™

(mmHg)

Pressure without 

enFlow™

(mmHg) †

50 39.4 ± 2.0 19.0 ± 0.8

100 60.0 ± 1.2 27.6 ± 0.5

150 88.3 ± 1.8 36.0 ± 1.4

200 127.5 ± 4.6 45.3 ± 1.4
Expressed as mean and standard deviation
†Statistically different with and without, p<0.05
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