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ZipThaw Time (min) fHGB
(mg/dL)

Hemolysis 
(%)

To 31 
ºC

31 –
33 ºC Total Water 

Bath
Zip 

Thaw
Water 
Bath

Zip 
Thaw

Minimum 18.78 2.250 28.72 500.0 220.0 0.7700 0.5500
25% Percentile 27.99 3.908 33.31 640.0 370.0 1.380 1.010

Median 33.07 6.700 42.60 880.0* 750.0* 2.020† 1.390†

75% Percentile 43.58 15.18 50.13 1490 1360 2.730 1.730
Maximum 66.68 19.72 83.93 4460 4660 4.650 5.050

Mean 37.18 8.796 45.98 1250* 989.4* 2.212† 1.603†

Std. Deviation 12.24 5.982 15.06 912.7 931.1 1.045 0.8994
SEM 2.274 1.111 2.796 163.9 167.2 0.1877 0.1615

Introduction

Problem: Cryopreservation extends blood 

availability but requires concomitant effective 

thawing. However, traditional thawing in a water 

bath poses problems, especially for military 

usage, related to logistics, portability, and 

potential infections.1, 2, 3 With the renewed interest 

in cryopreserved packed red blood cells (RBCs), 

safe and accessible thawing methods should be 

explored.4, 5

Solution: Utilize commercially available dry 

plasma thawing devices (e.g., ZipThaw) as a 

more consistent and mobile option to thaw frozen 

RBCs (fRBCs).

Aim: Compare hemolysis and free hemoglobin 

(fHGB) after thawing fRBCs in a dry thawer 

against thawing in a water bath.

Hypothesis: The quality, as determined by fHGB 

and hemolysis percentage, of fRBCs thawed with 

a dry thawing device will be non-inferior to fRBCs 

thawed in a water bath.
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Summary

• The results demonstrate that the dry plasma 

thawing method does not cause additional 

hemolysis in fRBCs versus traditional water 

bath. The matched sample comparison 

showed that free hemoglobin and hemolysis 

levels were at least equivalent in this 31-

sample cohort.

• TWEs led to similar significant increases in 

fHGB across both water and dry thawing 

procedures with no exacerbation observed 

from dry thawing.

• In all cases, hemolysis was low enough for 

routine clearance by standard de-

glycerolization / washing protocols to achieve 

an expected post-processing hemolysis of 

less than 1% in the final product.

Figure 1

(A) The ZipThaw system is capable of processing two independent 

units to 37 ºC, utilizing the ZipSleeve pouches with built-in 

thermometers. (B) Units are loaded vertically in the side doors, 

surrounded by temperature-controlled pouches.
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Significant differences were observed in the mean and median for fHGB 

and Hemolysis from samples thawed in the water bath versus the 

ZipThaw (n=31). Significant values bolded, * and † symbols identify 

relevant comparisons.

Table 1

100 −%𝐻𝐶𝑇 ∗ 𝑓𝐻𝐺𝐵

𝑡𝐻𝐺𝐵
= %𝐻𝑒𝑚𝑜𝑙𝑦𝑠𝑖𝑠

31 glycerolized 

fRBC units, 

min. 300 mL.

Run on “Thaw” 

setting, active 

heating until 31 ºC. 

Passive heating 

until 33 ºC.

Thaw at 37 ºC 

for the 

duration of the 

unit thawing.

Analyze complete 

blood count with a 

DxH 520.

Analyze free 

HGB with a 

Hemocue Plasma 

/ Low Hb.

Segments removed

 for control sample

Conclusion

Adding functionality to the existing ZipThaw 

plasma thawer system is desirable to reduce 

multi-device burden and improve on open water 

bath problems without loss of blood quality. The 

heating drawers are easy to clean and lack the 

seedbed for infection that improperly maintained 

warm water can be, precluding contamination 

and infection. Additionally, the 13 kg weight and 

self-contained nature of the dry thawer are 

miliary Role of Care 2 friendly and can easily be 

deployed aboard ground vehicles, ships, and 

airplanes.

Figure 2 

Pairwise comparisons of ZipThaw thawed samples versus matched control 

showed a consistently lower fHGB (A) with 23 of 31 samples being lower, at a 

median 750 mg/dL dry thawed vs. 880 mg/dL in water (p=0.0065), and 

hemolysis (B) with 19 of 31 samples being lower, at a median 1.39% dry 

thawed vs. 2.02% in water (p=0.0016). (C) and (D) show the same data as 

summary violin plots, suggesting uneven distribution (see Fig 3).

W
at

er
 B

at
h

Zip
Thaw

0

1000

2000

3000

4000

5000

P
la

s
m

a
 F

re
e

 H
G

B
 (

g
/d

L
)

✱✱

W
at

er
 B

at
h

Zip
Thaw

0

2

4

6
%

 H
e

m
o

ly
s

is
✱✱

A B

W
at

er
 B

at
h

Zip
Thaw

-2000

0

2000

4000

6000

P
la

s
m

a
 F

re
e

 H
G

B
 (

m
g

/d
L

)

✱✱

W
at

er
 B

at
h

Zip
Thaw

-2

0

2

4

6

%
 H

e
m

o
ly

s
is

✱✱C D

W
at

er
 1

Zip
Thaw

 1

W
at

er
 2

Zip
Thaw

 2

0

2

4

6

%
 H

e
m

o
ly

s
is

Frozen TWE

0

1000

2000

3000

4000

5000

P
la

s
m

a
 F

re
e

 H
G

B
 (

m
g

/d
L

)

✱

✱✱✱

Figure 3

A shipping error caused a transient warming event (TWE) for a subset of 

units. When separating these values out, 6 of the 8 samples in the water 

bath control had fHGB values outside the range of the frozen group. 

Comparing the two groups, a median 2040 mg/dL for water thawed vs 

1470 mg/dL dry thawed was observed, significantly higher than the 

frozen group (p=0.0319 for water and p=0.0008 for dry thawing) (A). 

Hemolysis was not significantly affected by the shipping error (B).
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