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Abstract
Objective: Major trauma is associated with blood loss and hypothermia.
It is common to replace lost ﬂuid with
red cells stored at 2–6 C, and/or colloid/crystalloid ﬂuid stored at ambient
temperature, thus increasing hypothermia risk. At trauma and medical
retrieval sites, mains electricity
powered ﬂuid warmers cannot be generally used. Latent heat provides an
alternate practical method of portable
temperature-controlled
intravenous
ﬂuid warming. This work investigates
the safety and efﬁcacy of a ﬂuid
warmer powered by latent heat.
Methods: Twenty-ﬁve haematology
patients received red cell transfusions,
one through a ﬂuid warmer, using
latent heat from a super-cooled liquid
and one without warming. Temperature of donor red cell units was measured after passing through ﬂuid
warmers. Blood samples were collected from red cell units and patients,
prior and after each transfusion.
These were tested for haemolysis
markers (plasma haemoglobin, potassium, lactate dehydrogenase, bilirubin)
and for traces of super-cooled liquid.
Patient physiological parameters (oxygen saturation, pulse, temperature,
blood pressure, respiration) were
monitored during each transfusion.

Results: Patient’s physiological signs
remained stable and no transfusion
reactions were observed during
warm transfusions. Latent heat ﬂuid
warmers increased the temperature
of red cell units to approximately
35 C. There were no signiﬁcant differences in haemolysis markers following warmed and unwarmed
transfusions, and no contamination
of red cell units by super-cooled liquid was detected.
Conclusion: The latent heat ﬂuid
warmer was shown to safely warm
transfused blood in a controlled clinical setting.
Key words: ﬂuid warming, haemoglobin, hypothermia, intraheat, transfusion, trauma.

Introduction
Trauma/retrieval patients are often
cold, with up to 66% reported to be
hypothermic at the time of hospital
admission.1 These patients are at risk
of the lethal triad of hypothermia,
acidosis and coagulopathy with an
associated mortality rate up to
90%.2 Jurkovich et al. found that of
71 trauma patients, those with a prehospital core temperature below
32 C had 100% mortality.3
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Key ﬁndings
• Latent heat can warm ﬂuid to
normal body temperature
without electricity.
• The latent heat ﬂuid warmer
is safe and does not overheat.
• The latent heat ﬂuid warmer
occupies 1 L, weighs 2 kg and
warms up in <1 min.
At trauma sites, it is common to
treat haemorrhage with transfusion
of red cells (RCs) which have been
stored at 2–6 C and/or colloid/crystalloid ﬂuid stored at ambient temperature. Introducing these cold
intravenous ﬂuids at trauma sites has
been shown to signiﬁcantly increase
hypothermia.4–6 To avoid cold ﬂuid
infusion, hospitals use mains electricity powered high ﬂow ﬂuid warmers
to heat intravenous ﬂuid to body
temperature. However, at trauma
retrieval sites, these devices often cannot be used. Instead, remote intravenous ﬂuid warming may use warm
water, batteries or chemicals as
energy sources.5,7 There are potential
limitations of these methods: using
warm water may involve delays due
to the time involved in heating water
to the required temperature7 and
carries the risk of bacterial contamination. Electric warmers often consist
of multiple parts (external batteries
plus a warming unit),7 requiring time
for assembly, and the need to keep
batteries charged. Some chemical
reactions heat ﬂuid above normal
body temperature8–10 which has the
potential for blood product damage
due to overheating.
Latent heat in super-cooled liquid
is a practical method of portable
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energy storage. Some liquids can be
super-cooled, which occurs when a
substance remains in the liquid state
below its nominal solidiﬁcation temperature. When super-cooled liquid
solidiﬁes, it releases the latent heat of
fusion and its temperature quickly
approaches, but cannot exceed, the
nominal solidiﬁcation temperature of
the substance, unless an external
source of heat is present. Heat packs,
which typically contain sodium acetate trihydrate and heat to 54 C11
are common applications of supercooled liquid. The hydrated salt, calcium nitrate tetrahydrate, can also
be super-cooled and has a nominal
solidiﬁcation
temperature
of
42.7 C12 which is ideal for warming
intravenous ﬂuid.13
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We have designed a simple, onepiece, disposable latent heat ﬂuid
warmer, containing calcium nitrate
tetrahydrate. Previous in vitro testing showed that cold (2–6 C) units
of RCs could be warmed to near
body temperature (35 C) with minimal risk of cellular damage and
haemolysis, at rapid clinical ﬂow
rates (30–60 mL/min).13 Usability
of the warmer was tested by
30 Emergency and Intensive Care
Department nurses, who had not
previously seen the device. The
majority of these novice users operated and connected ﬂuid warmers
to administration sets and placed
them on IV poles ready for transfusion in less than 4 min and rated
the ﬂuid warmer as easy and quick
to use.14

The need to evaluate the efﬁcacy
and safety of the ﬂuid warmer in a
clinical setting is addressed in the
current study, using slow RC transfusion rates in patients with
haematological malignancy.

Methods
Fluid warmer construction and
operation
Fluid warmers were manufactured
and gamma sterilised by Logikal
Health Products, Morisset, New
South Wales. Each ﬂuid warmer
(Fig. 1) consisted of a plastic bag
with two chambers, separated by a
frangible plastic strip. One chamber
contained 950 mL (1.7 kg) of liquid
calcium nitrate tetrahydrate. The second chamber contained infusion tubing and a small quantity (50 g) of
solid calcium nitrate tetrahydrate.
When in use the frangible strip was
bent back and forth two or three
times until it ruptured, allowing the
liquid calcium nitrate tetrahydrate to
move into the infusion tube chamber.
The ﬂuid warmer was held vertically
(as shown in Fig. 1, left) allowing liquid calcium nitrate tetrahydrate to
ﬂow past the ruptured frangible strip
into the infusion tube chamber and
solidify on contact with the solid calcium nitrate tetrahydrate. The liquid
calcium nitrate tetrahydrate chamber
was then rolled tightly, to push any
remaining liquid calcium nitrate
tetrahydrate into the infusion tube
chamber. Rolling continued until the
whole ﬂuid warmer was a compact
bundle (Fig. 1, right), which was then
hung on an IV stand. Following use
each ﬂuid warmer was disposed as
clinical waste.

Patients

Figure 1. Latent heat ﬂuid warmer, unrolled (left) and rolled up (right). The white
appearance of the lower part of the infusion tube chamber is due to a layer of insulating plastic which formed the outer surface of the warmer when it was rolled up.

Flinders Medical Centre haematology
patients receiving outpatient RC transfusion support for haematological
malignancy
including
myelodysplastic syndrome, myeloproliferative
neoplasms, acute myeloid leukaemia,
chronic lymphocytic leukaemia, nonHodgkin’s lymphoma and myeloﬁbrosis, between July 2015 and September
2017 were recruited for the study.

© 2020 Australasian College for Emergency Medicine

3

LATENT HEAT BLOOD WARMING

All patients gave informed written
consent.
Transfusions with and without the
use of ﬂuid warmers were conducted
at the Repatriation General Hospital
and Flinders Medical Centre. Each
recruited patient was transfused a RC
unit using the warmer and without the
warmer, on two separate occasions.
RC units were stored at 2–6 C in
monitored blood refrigerators until
required for transfusion. The normal
transfusion regime for patients in the
present study was for each RC unit
to be transfused over approximately
2 h through an infusion pump.
The Southern Adelaide Clinical
Human Research Ethics Committee
approved the study.
The number of participants nominated for the study was determined
by the method of Suresh and
Chandrashekara15 for studies with
two means, 95% signiﬁcance, 95%
power and equal numbers of warmed
and unwarmed transfusions. Table 1
shows the calculated number of participants, based on the standard deviations of parameters in patient blood.

Temperature measurement
To assess the effectiveness of ﬂuid
warmers while maintaining sterility of
the IV tube lumen, tube surface temperature near ﬂuid warmer outlets,
was measured using K-type thermocouples during warmed transfusions.
Ambient room temperature was
recorded at the onset of transfusion.

Blood tests
Blood samples were collected from
each patient, before the start and at

the completion of each warmed and
unwarmed transfusion. Samples
were collected from each RC unit,
using 3-way stopcock connectors in
transfusion circuits. Two samples
were collected from warmed RC
units; one immediately before the
blood entered the ﬂuid warmer and
the second immediately after the
blood left the ﬂuid warmer.
Plasma haemoglobin (Hb, g/L),
potassium (K+, mmol/L), lactate dehydrogenase (LD, units/L), bilirubin
(μmol/L); and leaching/contamination
by calcium nitrate tetrahydrate in
ﬂuid warmers (ionised calcium [Ca++,
mmol/L] and total calcium [Ca,
mmol/L]) were measured in blood
samples from patients and RC units.
A Roche Cobas 8000 C702
(F Hoffmann-La Roche AG, Basel,
Switzerland) chemistry analyser was
used to measure Hb (Spectrophotometric method), K+ (indirect ion
selective electrode method), LD
(IFCC enzymatic method), bilirubin
(diazonium salt method) and Ca
(NM-BAPTA method). Ca++ was
measured on a Radiometer ABL800
(Radiometer, Copenhagen, Denmark)
blood gas analyser, by direct ion
selective electrode.

Physiological observations
Arterial haemoglobin oxygen saturation (measured by pulse oximetry
[SpO2], %), pulse rate (bpm), temperature ( C), systolic and diastolic
blood pressure (mmHg) and respiratory rate (bpm) were recorded
hourly from the time patients were
admitted to the transfusion clinic
until 1 h after completion of the RC
transfusion.

Statistical analysis
To identify statistically signiﬁcant
changes in haemolysis parameters in
RC samples and patient’s physiological
observations, associated with the use
of ﬂuid warmers, T-tests (two-sample
unequal variance) were performed on:
• biochemical test results from samples collected from the infusion tubing prior to and after the ﬂuid
warmer;
• the change in biochemical test
results from patient blood samples
(post-transfusion compared to
pre-transfusion) for warmed versus unwarmed transfusions; and
• patient physiological observations
for warmed versus unwarmed
transfusions.

Results
Twenty-nine patients were recruited
into the study; twenty-ﬁve of them
received both warmed and unwarmed
transfusions. Four patients received a
single transfusion only and were
excluded from analysis. Patient demographics and transfused blood details
are shown in Table 2.
On occasions where patients were
transfused multiple RC units at a single visit, only transfusion of the ﬁrst
RC unit was included in the study.
Most (23) patients received unwarmed transfusions before warmed
transfusions. Two patients received
transfusions in reverse order. Patients
required transfusion at varying intervals, the average interval between
transfusions was 6 weeks. This relatively large interval ensured that measurements from the second transfusion
were not affected by the ﬁrst
transfusion.

TABLE 1. Number of study participants calculated for 95% signiﬁcance and 95% power
Substance

Standard deviation

Signiﬁcant change

Number of tests indicated

Hb

0.33 g/L

0.5 g/L

12

LD

225

250

21

0.6 mM

1 mM

9

+

K

Bilirubin

10 μM

20 μM

6

Ca++

0.05 mM

0.2 mM

2

Ca

0.2 mM

0.6 mM

3
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52–93

No mechanical or technical issues
were reported using the latent heat
ﬂuid warmer during transfusion.

Male

18

Donor RC unit temperature

Female

7

TABLE 2.

Patient demographics and transfusion details

Patient age (years)
Sex

Diagnosis
Myelodysplastic syndrome

14

Acute myeloid leukaemia

3

Chronic lymphocytic leukaemia

2

Acute lymphocytic leukaemia

1

Monoclonal gammopathy of undetermined signiﬁcance

1

Myelodysplastic syndrome/myeloproliferative neoplasms

1

Myeloﬁbrosis

1

Non-Hodgkin’s lymphoma

1

T cell lymphoma

1

Total red cell units (warmed)

25

Blood group
A RhD positive

12

B RhD positive

2

O RhD positive

7

O RhD negative

4

Blood age (days)
Warm transfusion

1–40

Unwarmed transfusion

2–38

When operated, ﬂuid warmers took
less than 1 min to warm to normal
body temperature.
The mean temperature, for all
25 units, measured on the outside or
the IV tube lumen near the ﬂuid
warmer outlet, was 35  1 C (Fig. 2).
The mean ambient temperature during transfusions was 22  2 C.
In our previous in vitro study we
found that clinical ﬂow rates of
pressurised (250 mmHg) RC units,
using 14, 16 and 20 gauge needles,
were 24–54 mL/min, and the latent
heat ﬂuid warmer warmed RCs from
approximately 3 C to approximately
35 C at 30–60 mL/min.13 In the present
study, RC units were also warmed to
approximately 35 C, albeit at the substantially lower ﬂow rate of 2 mL/min.
The published 42.7 C solidiﬁcation
temperature of calcium nitrate
tetrahydrate12 was not exceeded. This
is in agreement with our previous
in vitro study13 and conﬁrms that
using latent heat as an energy source
is inherently temperature limiting.

Blood tests

Figure 2. IV tube surface temperature post ﬂuid warmer during transfusion. Spikes
are due to mechanical disturbance of temperature probe.

Table 3 summarises the biochemical
tests on donor RC units. There were
no statistically signiﬁcant differences in
Hb, K+, LD, Ca++, Ca and bilirubin
levels in RC units before and after passing through ﬂuid warmers, or between
warmed and unwarmed RC units.
Contamination of RC units with
calcium nitrate tetrahydrate was not
detected, nor were statistically signiﬁcant changes in haemolysis markers
seen in RCs following warming, indicating that the use of latent heat was
not associated with contamination or
increased risk of cellular damage.
Table 4 summarises biochemical
tests on patient blood samples, after
transfusion
with
warm
and
unwarmed blood. There were no statistically signiﬁcant differences in
Hb, K+, LD, Ca++, Ca and bilirubin
levels in patient blood samples prior
to and following transfusion of
warmed and unwarmed blood.

© 2020 Australasian College for Emergency Medicine
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TABLE 3. Donor red cell biochemical parameter concentration, pre- and post-warming, changes in concentration (Δ) following warming, and associated P-values (from T-tests)
RC unit samples (mean  SD)
Pre- to post-warming
Δ

Pre-warming

Post-warming

1.48  0.85

1.66  0.87

0.18  0.02

0.46

Plasma Hb (g/L)
+

P-value

35  13.2

33.2  12.4

−1.8  0.9

0.62

LD (units/L)

213  138

260  172

47  34

0.29

Bilirubin (μM)

0.13  0.46

0.13  0.46

00

1.00

0.13  0.03

0.13  0.03

0.01  0.01

0.45

0.1  0.05

0.13  0.09

0.03  0.04

0.21

K (mM)

++

Ca

(mM)

Ca (mM)

TABLE 4. Patient blood biochemical parameter concentration pre- and post-transfusion, changes pre- to post-transfusion
(Δ), and associated P-values (from T-tests on Δ for warmed vs unwarmed transfusions)
Patient blood samples
Unwarmed transfusion (mean  SD)

Plasma Hb (g/L)
+

Δ

Pre

Post

0.42  0.42

0.64  1.51

0.21  1.46

P-value (Δ
unwarmed
and Δ
warmed)

Warmed transfusion (mean  SD)
Δ

Pre

Post

0.18  0.19

0.31  0.43

0.14  0.47

0.80

K (mM)

4.3  0.7

4.5  1

0.2  0.7

4.2  0.4

4.4  0.4

0.2  0.4

0.92

LD (units/L)

372  260

355  318

−16  219

298  189

299  165

1  100

0.72

Bilirubin (μM)

14.1  9.6

14.6  7.9

0.5  4.2

14.9  8.5

16  8.8

1.1  2.7

0.57

1.16  0.05

1.16  0.05

0  0.05

1.17  0.04

1.14  0.06

−0.03  0.05

0.08

2.18  0.1

2.14  0.08

−0.04  0.08

2.2  0.12

2.16  0.12

−0.03  0.05

0.86

++

Ca

(mM)

Ca (mM)

Physiological observations
Patients’ physiological observations
remained stable during warmed and
unwarmed transfusions (Table 5).
No transfusion reactions were
reported for any of the patients during their warm transfusion.
There was no deterioration in physiological observations during transfusions. Observations were similar for
warmed and unwarmed transfusions,
indicating that latent heat warmed
RCs were well tolerated by patients.

Discussion
As an extension to our previous
in vitro studies,13 the present study
investigated the safety and efﬁcacy of

the latent heat ﬂuid warmer in a small
population of haematological patients.
Unlike electric ﬂuid warmers,
where safety can be assessed by monitoring temperature performance,16–25
ﬂuid warmers powered by solidifying
calcium nitrate tetrahydrate have
not previously been used clinically.
Determining the safety and efﬁcacy
of these devices therefore required
monitoring the effect of warming
on donor RCs and patient blood,
as well as patient physiological
parameters.
Extracellular K+, LD, bilirubin and
Hb were used in the present study
because they have previously been
shown to be accurate markers of
haemolysis.26
Extracellular concentration of Hb,
K+ and LD in RC units (Table 3) was

© 2020 Australasian College for Emergency Medicine

relatively high, as found in our previous in vitro study.13 Plasma concentration of these substances was also
relatively high in patient pretransfusion blood samples (Table 4);
the reason for this may be associated
with the study group (patients receiving outpatient transfusion support
for haematological malignancy).
There was a small increase in
plasma Hb and K+ and decrease in
ionic and total calcium in patient
blood samples following transfusion.
This may be due to infusion of
stored donor RC with higher plasma
Hb and K+ and lower Ca++ and Ca
concentrations than in patient blood
(comparison of pre-warming concentrations in Table 3 with pretransfusion
concentrations
in
Table 4). These changes were similar
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TABLE 5. Patient physiological observations pre- and post-transfusion, changes pre- to post-transfusion (Δ), and associated P-values (from T-tests on Δ for warmed vs unwarmed transfusions)
Physiological observations
Unwarmed transfusion (mean  SD)
Pre

Post

Δ

Warmed transfusion (mean  SD)
Pre

Post

Δ

P-value (Δ
unwarmed
and Δ warmed)

78  13

73  11

−4  2

77  15

73  9

−4  6

0.97

Temperature ( C)

35.8  0.4

36.2  0.4

0.3  0.1

36  0.4

36.1  0.4

0.1  0

0.17

Systolic blood pressure
(mmHg)

127  15

124  18

−3  2

123  16

127  20

44

0.16

Diastolic blood pressure
(mmHg)

60  11

61  10

02

62  12

62  12

−1  0

0.80

O2 saturation (%)

99  2

99  2

00

99  2

99  1

00

0.85

Respiration (bpm)

18  2

18  1

01

19  2

18  1

01

0.70

Pulse (bpm)

following warmed and unwarmed
transfusions and were not statistically signiﬁcant.
The ﬂuid warmer was shown to be
safe, effective and efﬁcacious in outpatients requiring slow ﬂow RC
transfusions: latent heat increased
the temperature of transfused RCs
to approximately normal body
temperature without overheating.
No statistically signiﬁcant changes in
haemolysis markers were seen in
RCs following warming, indicating
that the use of latent heat ﬂuid
warmers was not associated with
increased risk of cellular damage.
There were no technical issues with
ﬂuid warmers in the study or contamination of RC units. There was
no deterioration in physiological
observations during warm transfusions. Observations were similar for
warmed and unwarmed transfusions,
indicating that latent heat warmed
RCs were well tolerated by patients.
Combining the results of the present study with those from our previous in vitro study13 indicates that
Latent heat ﬂuid warmers can safely
and effectively warm RCs at rapid
clinical ﬂow rates. This, together
with the portable features of the
latent heat ﬂuid warmer: size (~1 L),
weight (<2 kg), ease of use14 and
short warm up time (<1 min); may
make it suitable for emergency and
retrieval situations.

Limitations
The latent heat ﬂuid warmer was
designed for emergency and retrieval
situations; however, the study was
conducted
with
haematology
patients receiving outpatient transfusion support at slow ﬂow rates. This
was considered necessary due to the
need to obtain informed patient consent, collect blood samples and measure temperature – which were more
practically done in an outpatient
clinic rather than in emergency and
retrieval situations. Future work will
study the safety and efﬁcacy of ﬂuid
warmers with trauma patients with
variation in body temperature and
requiring transfusion at faster ﬂow
rates.
Statistical power analysis (Table 1)
indicates that sufﬁcient number of
patients were involved in the study.
Table 3 shows that the standard
deviation of Hb and K+ in RC units
was larger than in patient blood due
to the lesion of RC units in storage.
Results shown for Hb and K+ in RC
units hence have lower statistical
power.

Conclusion
Latent heat ﬂuid warmers increased
the temperature of transfused RCs to
approximately normal body temperature without overheating or

increasing the risk of cellular damage
or deterioration in physiological
observations. Future testing will
evaluate the safety, effectiveness and
robustness of the latent heat ﬂuid
warmer for pre-hospital and emergency situations, given its small size
(~1 L), relatively low weight (<2 kg)
and short warm up time (<1 min).
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