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Comparison of two fluid warming devices for maintaining
body core temperature during living donor liver
transplantation: Level 1 H-1000 vs. Fluid Management
System 2000
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Background: Rapid fluid warming has been a cardinal measure to maintain normothermia during fluid resuscitation
of hypovolemic patients. A previous laboratory simulation study with different fluid infusion rates showed that a fluid
warmer using magnetic induction is superior to a warmer using countercurrent heat exchange. We tested whether the
simulation-based result is translated into the clinical liver transplantation.

Methods: Two hundred twenty recipients who underwent living donor liver transplantation between April 2009 and
October 2011 were initially screened. Seventeen recipients given a magnetic induction warmer (FMS2000) were matched
1 : 1 with those given a countercurrent heat exchange warmer (Level-1 H-1000) based on propensity score. Matched
variables included age, gender, body mass index, model for end-stage liver disease score, graft size and time under anes-
thesia. Core temperatures were taken at predetermined time points.

Results: Level-1 and FMS groups had comparable core temperature throughout the surgery from skin incision, the be-
ginning/end of the anhepatic phase to skin closure. (P = 0.165, repeated measures ANOVA). The degree of core tempera-
ture changes within the dissection, anhepatic and postreperfusion phase were also comparable between the two groups.
The minimum intraoperative core temperature was also comparable (Level 1, 35.6°C vs. FMS, 35.4°C, P = 0.122).
Conclusions: A countercurrent heat exchange warmer and magnetic induction warmer displayed comparable function
regarding the maintenance of core temperature and prevention of hypothermia during living donor liver transplantation.
The applicability of the two devices in liver transplantation needs to be evaluated in various populations and clinical set-
tings. (Korean J Anesthesiol 2014; 67: 264-269)
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Introduction

Liver transplantation, which is now considered the standard
treatment option for end-stage liver diseases, is accompanied
by substantial blood loss due to both underlying coagulopathy
originating from liver diseases and progressive coagulopathy
during transplantation due to the extraction of liver. According-
ly, rapid infusion of large volume of fluids and blood products
is common during liver transplantation and can significantly
decrease body core temperature (BCT) and consequently lead
to hypothermia. As hypothermia is known to result in multiple
adverse effects including coagulopathy and cardiac arrhythmia
[1,2], rapid fluid warming has represented an important part of
anesthetic management during liver transplantation [3-5].

Although many fluid warming devices have been introduced
for intraoperative use, most of them proved to be insufficient for
warming large amount of cool fluids to physiologic temperature
in a short period. Meanwhile, fluid warmers using either coun-
tercurrent heat exchange or magnetic induction have demon-
strated superiority over other types of warmers using dry heat or
water bath technology during rapid fluid infusion [6-8]. A labo-
ratory study suggested that magnetic induction was superior to
countercurrent heat exchange based on simulations with vari-
ous infusion rates [9]. However, sufficient clinical data has been
lacking in this context and it is unclear whether the simulation-
based results could be translated into a clinical setting. More-
over, thermal dynamics during liver transplantation is different
from laboratory simulations, as well as other surgeries. Thus, we
aimed to compare the rapid warming performances of the two
fluid warmers in the clinical liver transplantation setting by look
at body core temperature during procedure and hemodynamic
parameters.

Materials and Methods

The Institutional Review Board approved a case-control study
and waived the requirement for written informed consent. Med-
ical records of 220 recipients who underwent elective adult-to-
adult living donor liver transplantation between April 2009 and
October 2011 were initially screened. Exclusion criteria included
autonomic neuropathy, thyroid dysfunction, use of a heated-
humidifier during transplantation [5], nonuse of a pulmonary
arterial catheter, and induced hypothermia. Sample size (n = 17
for each group) was determined based on our previous study
which compared the warming function of an active vs. passive
airway humidifier during living donor liver transplantation [5].
Seventeen randomly selected recipients who were given a coun-
tercurrent heat exchange fluid warmer (Smiths Medical, Level
1H-1000, Rockland, MA) were matched 1 : 1 with recipients
who were given a magnetic induction fluid warmer (Belmont
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Instrument, Fluid Management system [FMS] 2000, Billerica,
MA) with the following factors contributing to the propensity
score [10]: age, gender, body mass index, the model for end-
stage-liver disease (MELD) score, graft-to-recipient weight ratio
and time under anesthesia. The caliper for inclusion was defined
as 0.2 standard deviation of the logit of the propensity score [11].
BCT and cardiac output measurements from pulmonary arterial
catheter were recorded on an hourly basis and additionally at the
time of skin incision (baseline), and the beginning and end of
the anhepatic phase. Preoperative core temperature was not con-
sidered as a baseline because it was measured via the tympanic
membrane [12].

Recipients underwent the standardized anesthetic manage-
ment. Anesthesia was induced with 5 mg/kg thiopental sodium
and sevoflurane, and maintained with isoflurane with the
bispectral index maintained in the 40-60 range. Neuromus-
cular blockade was achieved using a continuous infusion of
vecuronium at a rate of 0.6-0.8 pg/kg/min. Mechanical ventila-
tion was delivered with the mixture of medical air and oxygen
at a flow rate of 2 L/min, and was controlled to obtain a tidal
volume of 8-10 ml/kg and to maintain normocapnea. Post end-
expiratory pressure was selectively applied when the ratio of
arterial oxygen partial pressure and fraction of inspired oxygen
was < 200 mmHg. A large-bore central venous catheter of 9 Fr
was placed in combination with a pulmonary arterial catheter
(Swan-GanzCCOmboV, Edward Lifesciences, LLC, Irvine, CA).
The ambient temperature was thermostatically controlled at
26°C at anesthetic induction and 24°C thereafter. A circulating
water mattress (Blanketrol II, Clininnati Sub-Zero Products, Inc,
Ohio) set at 40°C was placed over the operating bed. A passive
humidifier was placed for airway warming. Patients’ arms were
wrapped with vinyl covers to protect them from getting wet. Ad-
ministered fluids and transfused blood products were warmed
using one of two tested devices (Level 1 or FMS) from the end of
anesthetic induction with the exception of 5% albumin, dextrose
solutions, cryoprecipitates and platelet concentrates. The use of
Level 1 or FMS was decided at the discretion of attending anes-
thesiologists. The fluid warmers were directly connected to the
largest bore of the central venous catheter. Forced-air warming
was not used due to the risk of airborne contamination and con-
sequently risking infection of the surgical site [13,14]. Procured
grafts were perfused with histidine-tryptophan-ketoglutarate
solution at around 5°C. After graft reperfusion, the surgical field
was irrigated and washed using warm saline.

Data were analyzed using SPSS 19.0. Continuous variables
were described as median with interquartile (25 percentile, 75
percentile) and analyzed using Mann-Whitney U test. Data on
BCT, fluids management, and hemodynamics were described
according to the operative phases which were defined as follows:
the dissection phase, from skin incision to portal triad clamping;
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the anhepatic phase, from portal triad clamping to portal vein
unclamping (graft reperfusion); and the reperfusion phase, from
portal vein unclamping to skin closure. Repeatedly measured
BCT values were further analyzed using repeated measures
ANOVA test for evaluating overall values during surgery. Cat-
egorical variables were described as number (%) and analyzed
using chi-square test. A P value of < 0.05 was considered statisti-
cally significant.
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Fig. 1. Changes in body core temperature during transplantation of
recipient given FMS or Level 1 for fluids warming (P value was calculated
by means of repeated measures ANOVA).
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Results

Demographic data of 34 recipients were described in Table 1.
As expected, the matched variables, including body mass index,
the MELD score, graft size (graft-to-recipient weight ratio), and
time under anesthesia, were comparable between Level 1 and
FMS group. Along with the matched variables, the two groups
were also comparable regarding the preoperative BCT, baseline
BCT, duration of the dissection/anhepatic/postreperfusion
phase. One recipient in FMS group was given 5 mmHg posi-
tive end-expiratory pressure. BCT dropped significantly during
the anhepatic phase and gradually recovered after reperfusion
(Fig. 1). BCTs were not significantly different at the start (Level
1 group 36.0°C vs. FMS group 35.9°C, P = 0.522) and end of the
anhepatic phase (Level 1 group 35.9°C vs. FMS group 35.4°C,
P = 0.085). The minimum BCT during transplantation was
also comparable between both groups (Level 1 group 35.6°C
vs. EMS group 35.4°C, P = 0.122). Repeated measures ANOVA
showed that overall intraoperative BCTs of the two groups were
comparable (P = 0.255). The changes in BCT within the respec-
tive operative phases were measured (Table 1). The degree of
BCT drop during the anhepatic phase was comparable (Level
1 group —0.4°C vs. FMS group —0.3°C, P = 0.150). The degree
of BCT rise during the postreperfusion phase was not signifi-
cantly different with a marginality (Level 1 group 0.3°C vs. FMS
group 0.6°C, P = 0.067). Detailed data on the amount of infused
fluids and blood products during each transplant phase are de-
scribed in Table 2, showing comparable infused volumes in the
two groups. As shown in Table 3, hemodynamic parameters,
including cardiac output and mean arterial pressure, were also

Table 1. Clinical Details of Recipients and Core Temperature Changes during Transplantation

FMS group (n =17) Level I group (n = 17) P

Age (yr)* 56 (51, 59) 55 (53, 59) 0.830
Gender (Female)* 6 (35.3) 6 (35.3) 1.000
Body mass index (kg/m?)* 23.7 (21.3, 27.0) 24.9 (23.9,26.9) 0.510
Body surface area (m?) 1.69 (1.58, 1.80) 1.80 (1.72, 1.96) 0.087
MELD score* 12 (8, 14) 12 (8, 14) 0.769
GRWR (%)* 1.00 (0.78, 1.21) 0.92 (0.87, 1.37) 0.953
Dissection time (min) 185 (158, 203) 180 (128, 215) 0.734
Anhepatic time (min) 109 (95, 129) 130 (113, 140) 0.114
Postreperfusion time (min) 340 (253, 395) 290 (213, 320) 0.067
Anesthetic time (hr)* 11.9(10.9, 13.0) 11.2 (10.0, 12.6) 0.297
Core temperature before surgery (°C) 36.3 (36.2, 36.5) 36.3 (36.1-36.7) 0.973
Core temperature at skin incision (°C) 36.0 (35.7, 36.4) 35.9(35.6,36.2) 0.433
Core temperature changes (°C)

Dissection phase 0.0 (—0.6,0.4) 0.0 (—0.1,0.4) 0.322

Anhepatic phase —0.4(—0.6, —0.3) —0.3(—0.5,0.0) 0.150

Postreperfusion phase 0.3 (0.0, 0.7) 0.6 (0.2, 0.8) 0.067
Minimum core temperature ("C) 35.4 (35.0, 35.7) 35.6 (35.4, 36.1) 0.122

Data are presented as median (25 percentile, 75 percentile) or number (%). *Variables matched using propensity scores. MELD: model for end-stage
liver disease, GRWR: graft volume/recipient body weight ratio.
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Table 2. Input and Output of Fluids and Blood Products during Transplantation
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FMS group (n = 17) Level I group (n = 17) P

Salvaged blood (ml) 1,109 (706, 1,143) 831 (605, 1,378) 0.860
Urine output (ml)

Dissection phase 320 (210, 630) 140 (59, 243) 0.006

Anhepatic phase 135 (62, 278) 70 (46, 115) 0.106

Reperfusion phase 1,120 (798, 2,920) 1,115 (550, 1,848) 0.786
Autotransfusion (ml) 796 (0, 1,306) 831 (0, 1,193) 0.653
Calculated blood loss (ml) 881 (621, 1,397) 1,259 (748, 1,571) 0.347
‘Warm fluids infusion rate (ml/hr)* 1,011 (808, 1,359) 1,016 (689, 1,255) 0.544
Unwarmed fluids infusion rate (ml/hr)* 84 (70, 109) 74 (54, 101) 0.149
Infused fluids volume (ml)

Dissection phase 2,760 (2,440, 3,543) 2,800 (2,555, 3,357) >0.99

Anhepatic phase 2,563 (2,005, 3,655) 3,795 (1,820, 5,410) 0.150

Reperfusion phase 5,430 (3,205, 7,700) 5,430 (3,205, 7,700) 0.433

All phases 1,230 (8,670-16,550) 12,230 (8,460-15,825) 0.919
Infused red blood cells (packs)

Dissection and anhepatic phase 0(0,0) 0(0,1) 0.634

Anhepatic phase 0(0,1) 0(0,1) 0.946

Reperfusion phase 2 (0, 3) 1(0,2) 0.193

All phases 2 (1-5) 2 (0-4) 0.290
Infused fresh frozen plasma (packs)

Dissection phase 0(0,0) 0(0,0) >0.99

Anhepatic phase 0(0,0) 0(0,0) > 0.99

Reperfusion phase 2(0,2) 2(0,2) 0.708

All phases 2 (0-3) 2 (0-4) 0.786
Infused platelet concentrates (packs)

Dissection phase 0(0,0) 0(0,0) 0.973

Anhepatic phase 0(0,1) 0(0,0) 0.786

Reperfusion phase 0(0,6) 0(0,3) 0.586

All phases 0 (0-6) 0 (0-6) 0.708
Infused cyroprecipitate

Dissection phase 0(0,0) 0(0,0) 0.786

Anhepatic phase 0(0,0) 0(0,0) 0.973

Reperfusion phase 3(0,6) 0(0,6) 0.540

All phases 3 (0-6) 3(0-6) 0.610

Data are presented as median (25 percentile, 75 percentile). *Derived from infused fluids volume and anesthetic time.
Table 3. Hemodynamics during Transplantation
FMS group (n =17) Level I group (n=17) P

Cardiac output

Dissection phase 7.1 (6.8, 8.5) 7.2 (5.6, 9.0) 0.606

Anhepatic phase 7.1(6.4,8.3) 7.7 (5.9, 8.6) 0.736

Reperfusion phase 10.5 (8.9, 11.8) 9.8 (8.6, 10.6) 0.444
Mean arterial blood pressure

Dissection phase 66 (63, 78) 76 (65, 88) 0.563

Anhepatic phase 80 (71, 88) 77 (67, 93) 0.786

Reperfusion phase 75 (70, 83) 74 (67, 81) 0.658
Systemic vascular resistance

Dissection phase 889 (767, 1,164) 862 (721, 1,202) 0.423

Anhepatic phase 856 (718, 952) 817 (629, 1,039) 0.901

Reperfusion phase 543 (456, 665) 555 (491, 608) 0.790
Maximum norepinephrine infusion rate (pg/kg/min) 0.10 (0.05, 0.25) 0.15 (0.09, 0.20) 0.829
Maximum dopamine infusion rate (pg/kg/min) 5.0 (5.0, 5.0) 5.0 (5.0, 10.0) 0.106

Data are presented as median (25 percentile, 75 percentile).
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comparable between the two groups. The maximum dose of two
major vasoactive drugs which were frequently used during liver
transplantation was also comparable.

Discussion

Various commercially available fluid warming devices have
been introduced and are being used in practice. Among them,
Level 1 has shown superiority over other fluid warmers because
it has been shown to deliver normothermic fluids irrespective
of the fluid infusion rate. In a simulated evaluation, Level 1 ef-
fectively warmed fluids at low- (6.5 ml/min), moderate- (13.5-25
ml/min), and high (infusion with the roller clamp wide open at
gravity flow or infusion under pressure of 300 mmHg) infusion
rates [7]. Meanwhile, a previous laboratory evaluation reported
that a newer device named FMS 2000 warmed fluids more ef-
ficiently compared to Level 1 at a high flow rate [9]. Thus, we
conducted a clinical study to test the warming function of Level
1 and FMS 2000 during liver transplantation in which massive
blood loss is expected and high rate of infusion is anticipated.

Level 1 circulates water at 42°C through the aluminum tube-
in-tube heat exchanger in the disposable set (DI-100 in the
present study). The circulating water bath and the infusate flow
against each other, or counter-current, and thus maximize heat
transfer. In contrast, FMS 2000 warms fluids using magnetic
induction. The disposable set has a stainless-steel heat exchanger
in a ring type, which is inserted on the machine over the elec-
tromagnet. Electromagnetic power is controlled according to
the infusate inflow/outflow temperatures measured by onboard
thermistors.

In the present study, the two devices showed comparable
function regarding the maintenance of intraoperative BCT and
prevention of hypothermia. This finding was contrary to a previ-
ous laboratory study performed by Comunale ME who reported
only FMS 2000 and not Level 1 could deliver normothermic flu-
ids at high fluid rate (> 500 ml/min) [9]. The conflicting results
could be explained by the gap between an experimental setting
and clinical practice. First, infused fluids in the present study
including packed red blood cells were supposed to be greater
than 8°C prior to infusion due to the ambient temperature set
at 24°C in comparison with the simulation in which inflow
temperature of red blood cells was set at 8°C. Such temperature
difference might be considerable and not relevant to the clinical
setting. Second, the median infusion rate was around 1,000 ml/hr
(17 ml/min) in the present study, while extremely rapid infu-
sion was done in the simulation test. Our data clearly indicated
that warming functions of different fluid warmers can vary by
surgeries or the clinical settings. For example, slow to moderate
infusion rates were applied during most of intraoperative period
and relatively slow infusion rate compared to the simulation
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might lower the advantage of FMS 2000 regarding rapid fluid
warming. In contrast, a higher set point of Level 1 (42°C) might
have a thermal advantage at slow infusion rates compared to
FMS 2000 (40°C). This premise was supported by the significant
difference in BCT at the end of transplantation. The difference
between the two groups seemed to originate from the postreper-
fusion phase at which the grafts start to function and coagula-
tion profiles improve, which is associated with a lower risk of
further major blood loss (Fig. 1).

Aside from warming function, the two devices are differ-
ent in ease of use and safety as well as cost. FMS 2000 supplies
multiple user-friendly conditions and has a high level of safety.
Physicians can control the flow rate from 2.5-750 ml/min at
the touch of a screen while watching real time infusate outflow
temperature, line pressure and total infused volume on the same
screen. Infusion automatically stops at an inappropriately high
infusion pressure which is related to inappropriate status of the
catheter or extension lines. Most importantly, two ultrasonic air
detectors and an automatic air purge eliminate the risk of inad-
vertent air embolism [9]. The automatic air eliminator incorpo-
rated into Level 1 was reported to be insufficient to eliminate a
10 ml bolus of air injected into the proximal site of the heat ex-
changer and thus extreme caution in this context is necessary [9].
In contrast, the FMS 2000 reservoir is designed to continuously
infuse large volume of fluids, making it hard to estimate the ex-
act amount of each infused fluids and blood products, including
red blood cells and fresh frozen plasma. Adequate replacement
of such blood products are important because optimal blood
hemoglobin concentration and hemostatic status are required to
supply sufficient oxygen to the graft, to escape major bleeding,
and to prevent vascular thrombosis in portal and hepatic vas-
culature. The high cost is an intrinsic disadvantage of the FMS
2000. In short, Level 1 and FMS have their own advantages and
disadvantages which might manifest differently according to the
users’ experience.

The following were limitations of the present study. First, this
study was not randomized. Although matched variables includ-
ed major factors contributing to BCT during transplantation,
there was a possibility of hidden biases from unmeasured or un-
measurable variables. Second, the MELD score, amount of blood
loss, and fluids infusion rates were relatively low. Thus, data of
the present study cannot be extrapolated into liver transplanta-
tion for recipients with more advanced liver diseases, which
might indicate a greater amount of blood loss and infusion of
fluids as well as poorer thermal homeostasis. Third, transplanta-
tions in the study were performed by expert liver transplant sur-
geons. The amount of blood loss and required fluids and blood
products during liver transplantation are known to be closely
associated with the attending surgeons’” experience. Thus, the
results of the study may vary if transplantation is performed by
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unexperienced surgeons. Forth, the difference in BCT between
the two groups seemed to increase after graft reperfusion. Dur-
ing the reperfusion phase, the liver graft initiate its metabolic
function including hepatic heat production [15]. Thus, BCT
changes after graft reperfusion might be affected by the extent
of hepatic ischemia reperfusion injury and initial graft quality/
function [16].

Because there have been lack of clinical studies evaluating the
fluid warming function of Level 1 and FMS 2000, we compared

Han et al.

the two devices regarding their capacity to maintain intraop-
erative core temperature and circulating volume. It was found
that the two devices were comparable in regards to maintaining
intraoperative normothermia, preventing core hypothermia and
maintaining hemodynamics during living donor liver transplan-
tation at which the fluid infusion rate was mostly in the moder-
ate level range. Thus, it might be reasonable to use one of the
two devices during living donor liver transplantation according
to physicians' preferences and experiences.
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