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a b s t r a c t

Aim: To study haemodynamic effects and changes in intravascular volume during hypothermia treat-
ment, induced by ice-cold fluids and maintained by ice-packs followed by rewarming in patients after
resuscitation from cardiac arrest.
Materials and methods: In 24 patients following successful restoration of spontaneous circulation (ROSC),
hypothermia was induced with infusion of 4 ◦C normal saline and maintained with ice-packs for 26 h after
ROSC. This was followed by passive rewarming. Transthoracic echocardiography was performed at 12, 24
and 48 h after ROSC to evaluate ejection fraction and intravascular volume status. Central venous pressure
(CVP), central venous oxygen saturation (ScvO2) and serum lactate were measured. Fluid balance was
calculated.
Results: Twelve hours after ROSC, two separate raters independently estimated that 10 and 13 out of 23
patients had a decreased intravascular volume using transthoracic echocardiography. After 24 and 48 h
this number had increased further to 14 and 13 out of 19 patients and 13 and 12 out of 21 patients.
Calculated fluid balance was positive (4000 ml the day 1 and 2500 ml day 2). There was no difference in
ejection fraction between the recording time points. Serum lactate and ScvO2 were in the normal range
when echocardiography exams were performed. CVP did not alter over time.

Conclusions: Our results support the hypothesis that inducing hypothermia following cardiac arrest, using
cold intravenous fluid infusion does not cause serious haemodynamic side effects. Serial transthoracic
echocardiographic estimation of intravascular volume suggests that many patients are hypovolaemic
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. Introduction

Post-resuscitation brain injury is a major cause of morbidity
nd mortality in cardiac arrest survivors.1 Therapeutic hypother-
ia (32–34 ◦C) has been shown to improve neurological outcome2,3

nd reduce mortality.3 Therapeutic hypothermia has become more

ommon in clinical practice4 and is recommended by both the Euro-
ean Resuscitation Council5 and American Heart Association.6

Induction of hypothermia by intravenous infusion of cold fluid
s effective and simple7,8 and has gained popularity. In addition,

� A Spanish translated version of the abstract of this article appears as Appendix
n the final online version at doi:10.1016/j.resuscitation.2009.06.035.
�� Grants: Swedish Heart-Lung Foundation.
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ia and rewarming in spite of a positive fluid balance.
© 2009 Elsevier Ireland Ltd. All rights reserved.

induction of hypothermia with cold fluid infusion is feasible during
ongoing cardiopulmonary resuscitation (CPR) in an experimental
setting9 and in recent studies in the clinical setting.10,11 In these
studies no major adverse haemodynamic effects of volume loading
were reported. Bernard et al. suggested the infusion of cold flu-
ids may have a beneficial haemodynamic effect.7 In spite of this,
there is still concern that induction of hypothermia with a large
amount of cold intravenous infusion is harmful to a heart that
has recently undergone ischaemia and reperfusion after cardiac
arrest.12 Moreover, the clinical studies mentioned,7,8,10,11 were pri-
mary designed to study mortality or the feasibility of the cooling
method. Thus, more subtle harmful haemodynamic changes may
have passed unnoticed. In a human study, cardiac function after
cardiac arrest (assessed by transthoracic echocardiography) was

not affected by induction of therapeutic hypothermia by cold fluid
infusion.13 The patients in this study were all examined within 6 h
after cardiac arrest. The effects of hypothermia and intravascular
volume loading beyond the first few hours after cardiac arrest are
still unclear.

http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation
http://dx.doi.org/10.1016/j.resuscitation.2009.06.035
mailto:johanna.nordmark@surgsci.uu.se
mailto:johanna.nordmark@karolinska.se
dx.doi.org/10.1016/j.resuscitation.2009.06.035
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with CA and 24 patients were enrolled in the study. Twenty-one
patients were not included because of; death before inclusion
J. Nordmark et al. / Resus

We hypothesise that inducing hypothermia after resuscitation
rom cardiac arrest by infusing ice-cold solution is possible with-
ut haemodynamic disturbances. In contrast to earlier clinical
tudies7,8,10,11 we aim to assess left ventricular ejection frac-
ion (LVEF) and intravascular volume status with transthoracic
chocardiography together with central venous pressure (CVP).
easurement of central venous jugular oxygenation (ScvjO2) and

erum lactate will provide an indicator of global circulation status.

. Materials and methods

This study was performed at the general intensive care unit
t Uppsala University Hospital, Sweden. The study was approved
y the Human Ethics Committee of Uppsala, Sweden. Consent for
articipation was obtained from a legal next of kin, and later by
urvivors when considered competent.

.1. Inclusion criteria and treatment protocol

Inclusion criteria for the study were patients after cardiac arrest
ith an age greater than 18 years, systolic pressure greater than

0 mmHg for more than 5 min after restoration of spontaneous cir-
ulation (ROSC) and unconscious with Glasgow Coma Scale (GCS)
core less than or equal to 7. Patients had to be recruited within 6 h
f cardiac arrest to be included. Patients with a terminal disease
ere excluded.

Hypothermia treatment was started after ROSC with intra-
enous infusion of 30 ml/kg of 4 ◦C normal saline. Ice packs were
laced in the groins, axillae and along the neck. A target tem-
erature 32–34 ◦C was maintained until 26 h after cardiac arrest.
atients were then slowly rewarmed (passively) to normothermia
defined as 36.5 ◦C). During hypothermia treatment patients were
edated with an infusion of propofol at 0.5–2.5 mg/kg/h and fen-
anyl at 0.5–2 �g/kg/h (at the lowest possible range to keep the
atient sedated). If shivering occurred during induction the pri-
ary intervention was to give extra boluses of fentanyl and increase

he dose of propofol. If unsuccessful, the patients received either
ntravenous boluses of rocuronium at 0.6 mg/kg or an infusion of
.15 mg/kg/h. When the target temperature was achieved rocuro-
ium infusion was discontinued. At normothermia sedation was
topped to allow evaluation of neurological status. During mechan-
cal ventilation the aim was to maintain PaO2 of above 12 kPa and
aCO2 between 5.0 and 5.5 kPa. The target mean arterial pres-
ure was 65–100 mmHg with inotrope or vasopressor support if
equired. The inotropes and vasopressors used were dobutamine as
first line medication followed by noradrenaline (norepinephrine)
r adrenaline if needed. Furosemide was given, if necessary, to
chieve a diuresis of at least 0.5–1 ml/kg/h or if it was considered
hat the patient was fluid overloaded.

All patients had an arterial catheter in the radial artery and a
entral venous catheter in the internal jugular bulb.

.2. Monitoring

Core temperature was continuously measured in the bladder
nd recorded every 15 min (Curity temperature KAD, Covi-
en/Tyco). Diuresis was measured hourly. Respiratory function was
onitored according to our usual practice in the intensive care

nit. Arterial blood pressure and heart rate were monitored con-
inuously and recorded every hour. The CVP was also recorded at
ntervals.
Blood samples were collected as soon as possible in the emer-
ency phase (within 2 h after cardiac arrest) and then repeatedly.
amples were analysed for blood–glucose, arterial blood–gases,
lectrolytes, central venous oxygen saturation and serum lactate.
luid balance was calculated every 24 h. Losses (diuresis, stools,
n 80 (2009) 1234–1239 1235

gastric tube and possible drainages) were subtracted from adminis-
tered fluids (intravenous infusions, medications, enteral nutrition)
to yield either a positive or a negative balance. Insensible fluid
losses were not estimated and not included in the calculation.
Patients were monitored until 108 h after cardiac arrest, or until
discharge from the intensive care unit.

Patient records were checked to determine whether the patient
died or was discharged from the hospital.

2.3. Transthoracic echocardiography

Transthoracic echocardiography was performed twice during
hypothermia treatment (at 12 and 24 h after cardiac arrest) and
once after rewarming (at 48 h) using a Philips iE33 or 7500 system
using a small footprint harmonic imaging multifrequency probe by
certified echocardiography technicians or physicians with special-
ist training in echocardiography. The protocol included parasternal
long and short axis views, apical two and four chamber views and a
subxiphoid view. Apart from 2D images, zoomed M-mode of mitral
ring motion in four positions, continuous wave Doppler over the
aortic and pulmonary valves and pulse waves in the left ventricu-
lar outflow tract and mitral and tricuspid valves were recorded.
Five R–R-intervals of each were sampled and archived digitally.
At the end of the study period the patient identities and time
stamps in the images were blanked. Two physicians, specialists in
echocardiography, assessed recorded images, whilst blinded to the
patient identity, chronological order, clinical details and estima-
tions of the other rater. Assessment of intravascular volume status
was performed subjectively based on ventricular end-systolic area
in available planes, degree of atrial end-diastolic area in the four-
chamber view and the inferior vena cava diameter. A 3 point scale
was used to record estimations of intravascular volume, where −1
represented a decreased intravascular volume, 0 normal volume
and +1 an increased volume. Inter-rater agreement was calculated.
Left ventricular ejection fraction (LVEF) was also assessed subjec-
tively based on left ventricular dilatation, mitral ring motion and
segmental systolic wall thickening. An effective range of 5–85% was
used in order to allow for very low values in highly dilated hearts
as well as for supranormal values in the presence of hypovolaemia,
hypertrophy, inotropic and or vasopressor drugs and stress. A fur-
ther blinding of patient recordings was done and after that a second
identical LVEF assessment was performed and the mean value of
each pair was used.

2.4. Analysis and statistics

Changes in values over time were analysed using the Friedman
ANOVA test for non-parametric values. Values were expressed as
median ± first and third quartile. Significance was set at the <0.05
level. Inter-rater agreement was measured to get an unweighted
kappa value. Statistical analyses were calculated using the STATIS-
TICA 7.0 program (Statsoft, Scandinavia, Sweden).

3. Results

The study was performed between November 2004 and May
2007. During this period, 45 patients presented to the hospital
(n = 1), researcher responsible not notified (n = 9), terminal dis-
ease or trauma (n = 5) and failure to accomplish echocardiography
(n = 6). The protocol was initiated within 4 h of cardiac arrest.
Twelve out of the 24 (50%) included patients survived to hospital
discharge. Characteristics of the patients are presented in Table 1.
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Table 1
Characteristics of patients (n = 30). Values are median (with first and third quartile),
or n (%).

Average age (years) 63 (55–71)

Sex
Female 5 (21%)

Weight (kg) 82 (71–88)
Previous cardiovascular morbidity 13 (54%)
Previous diabetes mellitus 3 (12%)

Presenting rhythm
Ventricular fibrillation 14 (58%)
Asystole 17 (29%)
Pulseless electrical activity 3 (13%)

Presumed cause of cardiac arrest
Cardiac 21 (88%)
Asphyxia 2 (8%)
Anaphylaxis 1 (4%)

Place of arrest
Out-of-hospital 21 (87%)
In-hospital 3 (13%)

Interval between cardiac arrest and ROSCa (min) 20 (10–27)
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Percutaneous Coronary Intervention (PCI) during intensive care 9 (38%)

a Restoration of spontaneous circulation.

.1. Temperature

Patients reached target temperature (34 ◦C) after 6.5 h
3.0–10 h) following cardiac arrest. No patient failed to reach
he target temperature and all patients remained in target temper-
ture range (32–34 ◦C) during hypothermia treatment. The time
rom cardiac arrest until normothermia (36.5 ◦C) after rewarming
as 36 h (35–36.5 h). The duration of time spent in the target

emperature range was 24 h (21–27 h).

.2. Haemodynamics

.2.1. Mean arterial pressure, central venous pressure (CVP) and
eart rate

Values are presented in Table 2. No differences over time were
etected for mean arterial pressure or CVP. Heart rate was stable
uring hypothermia and increased during rewarming (p < 0.001)
ith stabilisation at a higher level during normothermia.

.2.2. Central venous oxygen saturation (ScvO2), arterial oxygen
aturation and serum lactate

ScvO2 values are expressed in Table 2. Median ScvO2 values
ere above or equal to 70%. There was no difference over time.
rterial oxygen saturation was between 95 and 99%. Lactate was

ncreased during the first hour after cardiac arrest. Lactate levels
hen declined (Table 2).

.3. Fluid balance and diuresis

The patients had a positive calculated median fluid balance for
he first and the second day of 4056 (3272–5018) ml and 2500
1844–3075) ml respectively. On days 3–5 the fluid balance was
egative at −900 to −1000 ml/day.

Diuresis is presented in Table 2. Diuresis was greatest during the
rst few hours after cardiac arrest.
On the first day no furosemide was given. On the second day the
atients received 10 (0–15) mg and on day 3 the patients received
5 (0–26) mg. Thereafter the amount of furosemide declined to 0
0–10) mg on days 4 and 5. Ta
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Fig. 1. Left ventricular ejection fraction (LVEF) for each individual.

.4. Echocardiography

Of the 24 patients included, 16 patients fulfilled the entire
chocardiography protocol, with examinations at 13 (12–16) h, 25
24–26) h and 48 (48–49) h after cardiac arrest. Of the remaining
atients, 4 underwent exams at 12 and 48 h, 2 at 12 and 24 h, 1 at
4 and 48 h and 1 at 12 h only.

In Fig. 1 individual LVEF values are plotted. Median LVEF was
.56 at 12 h, 0.62 at 24 h and 0.59 at 48 h after cardiac arrest. LVEF

id not change over time.

Results from the estimation of intravascular volume are pre-
ented in Fig. 2a and b. At the first measurement, 10 (rater 1) and
3 (rater 2) out of 23 patients (44 and 57%) had a decreased intravas-
ular volume. At the second and third time point, this number had

ig. 2. Percentage of cases with different intravascular volume at 12, 24 and 48 h
fter cardiac arrest. Volume degree 1 = increased intravascular volume; volume
egree 0 = normal volume state; volume degree −1 = decreased intravascular vol-
me. n = number of patients. (a) Assessments by rater 1 and (b) assessments by
ater 2.
n 80 (2009) 1234–1239 1237

increased further to 14 and 13 out of 19 patients (74 and 69%)
and, 13 and 12 out of 21 patients (62 and 58%) respectively. The
inter-rater agreement for intravascular volume was 77% giving an
unweighted kappa value of 0.61.

3.5. Inotropic and vasopressor support

All patients needed inotropic and/or vasopressor support. Dobu-
tamine was given to all patients but one, who was directly started
on an adrenaline-infusion. The amount of dobutamine infused was
9.7 mg/kg (4.8–17.9) during a time period of 38 (27–49) h (Table 2).

Twelve patients received noradrenaline in addition to dobu-
tamine. The amount given was 0.11 (0.04–0.20) mg/kg over a period
of 28 (22–38) h (Table 2).

Four patients received adrenaline infusion. The amount of
adrenaline given was 0.11 (0.07–0.17) mg/kg over 27 (22–35) h.

4. Discussion

In this study we have demonstrated that hypothermia treat-
ment and induction of hypothermia by intravenous infusion of cold
(4 ◦C) saline at 30 ml/kg appeared to be possible without harmfully
increasing the intravascular volume. Instead, many patients tended
to have a decreased intravascular volume after cardiac arrest, indi-
cating that volume loading might even be beneficial. In addition
there were no evidence of harmful effects of volume loading on
ejection fraction either during hypothermia treatment, or during
the rewarming phase.

Fluid loading during resuscitation might be beneficial. Exper-
imentally it has been shown that systemic haemodynamics and
tissue perfusion improve following a fluid bolus dose during
resuscitation.14 This study was performed during normothermic
conditions and with 4 ml/kg of hypertonic saline–dextran, which
makes it difficult to compare with the method of 30 ml/kg isotonic
fluid used in our study. Nevertheless, this study is in line with our
findings, as about half of the patients, in our study, were estimated
to have a decreased intravascular volume at the first observation
and this had increased at 24 h after cardiac arrest. Although all
patients had a calculated positive fluid balance on days 1 and 2
after resuscitation, only, at most, 14% (rater 1 at 48 h after cardiac
arrest) were considered to have an increased intravascular volume.
In addition CVP values were not markedly influenced by intravas-
cular volume status evaluated by echocardiography. One possible
explanation to this is that monitoring CVP is considered to be a
rudimentary way of estimating intravascular volume.15

There are several reasons why patients could have a decreased
intravascular volume, in spite of volume loading to induce
hypothermia. After successful resuscitation from cardiac arrest, a
“sepsis-like” syndrome with high levels of circulating cytokines
and the presence of plasma endotoxin and the potential for fluid
loss from the capillaries has been described.16 It has also been
shown that during surface cooling to 28 ◦C there is a shift of plasma
from the circulation to the interstitial space.17 This observation,
on the other hand, is contradicted by findings of Jurkovich et
al.18 who found decreased post-ischaemic capillary permeability
in hypothermia treated animals. Another possible explanation for
patients to have a decreased intravascular volume could be the
phenomenon of cold diuresis. However, the high diuresis during
the first hour after cardiac arrest was followed by normalisation
and diuresis subsequently was even low during hypothermia treat-

ment. The fact that there was no obvious cold diuresis strengthens
the hypothesis that there was a relative hypovolaemia caused by
post-resuscitation capillary leakage.

Ejection fraction after cardiac arrest has been shown to be
unaltered before and 1 h after infusion of cold fluid.13 In our
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tudy no evidence of a change in LVEF was found, neither over
n extended time (total of 48 h) after cardiac arrest nor when
omparing hypothermic to normothermic conditions. As the mea-
urements in our study were made after hypothermia was induced,
onclusions regarding the influence of volume loading on LVEF are
mpossible to make. However, ScvO2 and lactate was in the nor-

al range at the time for all echocardiographic exams indicating
sufficient global circulation. In addition evaluating differences of
VEF during the different recording times was difficult as inotropic
nd vasopressor support was used to maintain an adequate cardiac
utput. There were also big differences between the patients. Some
atients had very low LVEF probably caused by a seriously damaged
yocardium or a poor myocardium even before the insult. Others,

n the other hand, had high values that may have been cause by an
ver-use of inotropes.

.1. Limitations

There are several limitations with this study that might have
ffected our results.

First, there was no control group as hypothermia treatment after
ardiac arrest is our normal clinical practice and a normothermic
ontrol group could not be justified.

The small number of patients in our study makes overall safety of
he intervention difficult to assess. Out of the 24 patients included
nly 16 patients fulfilled the entire echocardiography protocol.
owever, only three patients were not examined during both
ypothermic and normothermic conditions.

Assessment of intravascular volume using transthoracic
chocardiography is used in intensive care practice19 and we chose
o use the method as it is non-invasive, fast and feasible. How-
ver, the method is not well validated. There are studies showing
he value of transthoracic echocardiography to assess intravas-
ular volume both clinically20,21 as well as experimentally.22

he quantification of intravascular filling on a 3 point scale
sing transthoracic echocardiography assessment has not been
reviously used. It was introduced to enable a comparison of
chocardiography findings for individual patients and also between
atients. The unweighted kappa value of 0.61 shows agreement23

etween the first and second rater and supports the use of our scale.
he use of a transthoracic echocardiography, which is not univer-
ally accepted as a method to assess intravascular volume, and a
on-validated scale of intravascular volume is an obvious weakness
f our study.

A number of confounding factors probably had an effect on our
esults. For example, the use of sedatives can cause vasodilatation
nd influence the interpretation of intravascular volume. The dose
f sedative was kept to the lowest possible level and was used in
ll patients. The use of vasopressors would have partly opposed the
asodilatation caused by sedatives.

When fluid balance was calculated, insensible fluid losses were
ot included. This may have caused an over-estimate of any positive
uid balance.

Evaluation of LVEF may have been affected by the use inotropic
nd vasopressor support. There was an increased need for inotropic
nd vasopressor support during hypothermia treatment compared
o after rewarming. This could be caused by decreased intravas-
ular volume, hypothermia in itself, post-resuscitation myocardial
ysfunction24,25 or different doses of sedation.
. Conclusion

Our results from a small number of patients support the
ypothesis that inducing hypothermia after resuscitation follow-

ng cardiac arrest, using rapid cold intravenous fluid infusion does

1

2

n 80 (2009) 1234–1239

not cause serious haemodynamic side effects. Serial transthoracic
echocardiographic estimation of intravascular volume suggests
that many patients are hypovolaemic during therapeutic hypother-
mia and rewarming in spite of a positive fluid balance.
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