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Care
Worksheet author(s)

Dr Jane Foster
Dr Jasmeet Soar

ALS Webinar presentation 18 May 2009
Updated search on 28 September 2009
WS and CoSTR agreed at ALS webinar included
Updated search did not change TR

4 October 2008 for initial search strategy
5 March 2009
8 May 2009 – search updated
17 May 2009 – update based on feedback from Peter
Morley
Clinical question.

In adult cardiac arrest (prehospital [OHCA], in-hospital [IHCA]) (P), does
the use intravenous fluids (I) compared with not using fluids (or standard
resuscitation) (C), improve outcomes (eg. ROSC, survival of event,
survival to hospital discharge, intact neurological survival) (O).
Is this question addressing an intervention/therapy, prognosis or diagnosis? INTERVENTION
State if this is a proposed new topic or revision of existing worksheet: REVISION C2005
Conflict of interest specific to this question
Do any of the authors listed above have conflict of interest disclosures relevant to this worksheet? No relevant
conflicts

Search strategy (including electronic databases searched).

Search strategies were tailored to the databases searched, allowing for variation in MeSH terms and
updated based on WSE feedback.
1) Medline (28th September 2009):
Infusions, intravenous OR blood transfusion OR plasma substitutes OR colloids
AND
Cardiopulmonary resuscitation OR heart arrest (exploded) OR ventricular fibrillation
Results:
352 Results
87 Results since January 1 2004
6 for inclusion
2) Embase (28th September 2009):
Plasma substitute (exploded) OR Hartmann solution OR Ringer solution OR hypertonic solution OR
fluid resuscitation (exploded)
AND
Heart arrest (exploded) OR cardiopulmonary arrest (exploded) OR asystole (exploded) OR heart
ventricle fibrillation
332 Results
161 Results since January 1 2004
6 for inclusion
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3) AHA Endnote Library (Last updated March 2008):
Arrest
AND
Fluid OR infusion
195 Results
21 Results since January 1 2004
3 for inclusion
4) Cochrane systemic reviews and central register of controlled trials (22nd May 2009)
Cardiopulmonary resuscitation OR heart arrest
AND
Infusions, intravenous
331 Results
Results since July1 2004:
7 Cochrane Reviews
15 Other Reviews
0 Method Study
No studies for inclusion
8 Technology Assessments
10 Economic assessments
310 Clinical Trials
2 for inclusion
5) Google Scholar (28th September 2009)
Fluid
AND
Cardiopulmonary arrest OR ventricular fibrillation
AND
(at least one of) Colloid OR blood OR saline
Results
4,390 results since July 1 2004
9 included

The reference lists of relevant papers identified were also hand-searched for additional sources,
and abstracts from relevant resuscitation conferences were also searched.
Several papers were identified by more than one search strategy.
• State inclusion and exclusion criteria
Include studies looking at adults ≥18 years in human studies
Include studies with English language abstracts
Include animal studies
Include studies with fluids administered to induce hypothermia
Include studies that do not have a control group that receive no fluid
Include studies identified by worksheet with the same clinical question from 2005, unless exclusion criteria
are met
Exclude single cases, but include case series
Exclude papers that focus on trauma-related resuscitation
Exclude post-ROSC fluid administration (the subject of worksheet ALS-PA-043)
• Following removal of duplicates, number of articles/sources meeting criteria for further review: 22
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12 from 2005 worksheet, 10 additional.

Relevant papers were selected using inclusion and exclusion criteria and abstracts were reviewed to
ensure that they were appropriate to address the PICO question. Trials of either animal models or adult
patients that included the use of intravenous fluid during cardiopulmonary arrest were eligible for
further review, whether or not they compare fluid use to no fluid.
Four of the papers that were included in the previous worksheet (WS 105, c2005: Does the routine use
of fluids during resuscitation improve outcome from cardiac arrest?) have been excluded as three
focus on resuscitation following trauma or haemorrhage, and one on haemoconcentration occurring
during cardiac arrest.
22 papers were eligible for further review.
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Summary of evidence
Evidence Supporting Use of fluids during cardiac arrest
Good

Fair

Poor
1

A = Return of spontaneous circulation
B = Survival of event
Italics = Animal studies

2

3
Level of evidence

4

C = Survival to hospital discharge E = Other endpoint
D = Intact neurological survival

5
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Evidence Neutral to use of fluids during cardiac arrest
*Bruel et al, 2008ABD
Miclescu et al∇, 2006 A, B, E1, E2
*Nozari et al, 2006A,B, E3, E4
*Nordmark et al, 2005 A, E1, E2
Krep et al∇, 2004 A, B, E1

Good

Frenneaux, 2003E2
Breil et al∇, 2003A, B, E2
Fischer et al∇, 2002A, B, E2
Ujhely∇i, 1996E5
Jameson et al, 1993A, B, E2
Bender et al∇, 2007AB
Fair

Longstreth et al, 1993A,B,C
Paradis et al, 1990A, E2
D’Alecy et al, 1986A, B, E3
*Kamarainen et al, 2008ABC
*Kamarainen et al, 2008ABC

Poor
1

*
∇

2 3
4
Level of evidence

Fluids used for therapeutic hypothermia
Study looking primarily at efficacy of hypertonic infusions

Italics = Animal studies
A = Return of spontaneous circulation
B = Survival of event

C = Survival to hospital discharge
D = Intact neurological survival

E = Other
E1= cerebral cortical blood flow
E2 = haemodynamic variables (including coronary perfusion pressure)
E3 = neurological function up to 96hrs post-ROSC
E4 = histological brain damage
E5 = defibrillation threshold

5
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Evidence Opposing use of fluids during cardiac arrest
* Riter et al, 2009 A, E2
Yannopoulos, 2009A, E2
Steen, 2003A
Gentile et al, 1991E2

Good

Vorhees, 1987E1, E2
Ditchey et al, 1984E2

Fair

Poor
1

*

2

3

4

5

Fluids used for therapeutic hypothermia

A = Return of spontaneous circulation
endpoint
B = Survival of event

C = Survival to hospital discharge
D = Intact neurological survival

Italics = Animal studies
E1= cerebral cortical blood flow
E2 = haemodynamic variables (including coronary perfusion pressure)

E = Other
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REVIEWER’S FINAL COMMENTS AND ASSESSMENT OF BENEFIT / RISK:

C2005 Consensus on Science:
There are no human studies of routine fluid use compared to no fluids during cardiac arrest.
Evidence from four animal studies (Ditchey 1984, Gentile 1991, Jameson 1993, Voorhees 1987, LOE
5) of experimental ventricular fibrillation neither supports or refutes the use of routine intravenous
fluids in ventricular fibrillation cardiac arrest in any clinical setting.
C2005 Treatment recommendation:
There is insufficient evidence to support any recommendation regarding routine use of fluids for
cardiac arrest.
There is no guidance regarding the routine use of intravenous fluid during cardiac arrest. We
have therefore defined standard care as no fluids.
This updated WS identified 9 new studies about the use of fluids during cardiopulmonary
resuscitation (CPR). The previous WS included mainly animal studies [Breil, 2003, 307-17, Fischer,
2002, 269-80, Frenneaux, 2003, 259-65, Gentile, 1991, 55-63, Jameson, 1993, 243-50, Steen, 2003,
249-58, Ujhelyi, 1996, 784-90, Voorhees, 1987, 113-23, Yannopoulos, 2009,120:1426-35 ]. All of
these studies look at fluids during VF arrest.
All papers are LOE 5 as they are either animal studies or they do not directly address the PICO as they
do not have control groups with no fluids or standard care.
Recent studies have looked at giving cold fluids during CPR to induce therapeutic hypothermia. Most
of these hypothermia studies do not have a control group with no fluids [Bruel, 2008, R31,
Kamarainen, 2008, 360-3, Nordmark, 2005, 357-65, Nozari, 2006, 2690-6]. These therefore are LOE
5 as they do not directly address the PICO question.
We have considered the evidence in three groups:
1.
2.
3.

Studies giving cold fluids during CPR to induce hypothermia
Studies comparing different intravenous fluids given during CPR
Studies looking at the haemodynamic effects of fluids during CPR

1.

The evidence for intra-arrest (post-arrest fluids is the subject of worksheet ALS-D- 043)
intravenous fluid use has increased with the use of cold fluids to induce hypothermia. Five studies
are included in this WS that used fluids for induction of hypothermia. Two studies (LOE5) of
cold IV fluids during CPR had a control group that did not receive fluids [Yannopoulos, 2009,
1426-35, Riter, 2009, 561]. One good quality animal study [Riter, 2009, 561] showed a decreased
coronary perfusion pressure (CPP) within the first 3 minutes of CPR with cold normal saline
compared to no fluids. A further good quality animal study had control groups with both
normothermic fluid and no fluid [Yannopoulos, 2009, 1426-35], which found a statistically
significant difference in ROSC between normothermic fluid and no fluid – ROSC was better
without volume. It also found that LV function was better preserved without volume loading.
Other animal studies of normothermic IV fluids also show this fall in CPP [Gentile, 1991, 55-63,
Voorhees, 1987, 113-23, Ditchey, 1984, 181] Physiological studies show that there is a better
outcome with improved CPP [Paradis, 1990, 1106-13]. One animal study [Nordmark, 2005, 35765] found that there was no difference in haemodynamic variables or the cerebral cortical blood
flow in a group receiving fluid at room temperature and another group receiving fluid at 4°C.
[Kamarainen, 2008, 360-3] study only had 5 patients and no survivors. Further work by the same
group [Kamarainen, 2008, 205-11] had 17 patients but only one survived to discharge and it is
difficult to draw conclusions regarding the impact of fluid use.
Few adverse affects were reported with the use of cold fluids during CPR, with one case of
pulmonary oedema in a study of 33 patients [Bruel, 2008, R31]. One study [Nozari, 2006, 2690]
concluded that the incidence of adverse effects was related to the timing of the fluid infusion,
with patients in the delayed infusion group experiencing higher rates of complications. These
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studies fail to identify the true incidence of complications directly due to fluids during CPR as
there is no control group receiving no fluids. They also only report complications in patients with
ROSC.
2.

Five papers using hypertonic solutions in cardiac arrest were reviewed [Bender, 2007, 74-81,
Breil, 2003, 307-17, Fischer, 2002, 269-80, Krep, 2004, 73-83, Ujhelyi, 1996, 784-90], and a
further study [Miclescu, 2006, 2806-13] with methylene blue added to the hypertonic infusion.
Four of the five papers found a benefit of hypertonic saline over isotonic solutions with varying
outcome measures. A RCT (LOE 5) of fair quality looked at fluid use in out of hospital arrests
[Bender, 2007, 74-81] and found increased rates of ROSC and survival to hospital admission in
the patient group that received hypertonic saline compared to hydroxyethl starch, although this
was not statistically significant (ROSC: HHS 66.7%, HES 51.5%, p = 0.21; admission: HHS
57.6%, HES 39.4%, p = 0.14). Animal studies also show a benefit of hypertonic fluids over
isotonic fluids [Breil, 2003, 307-17, Fischer, 2002, 269-80, Krep, 2004, 73-83]. The use of
methylene blue with hypertonic solution was found to improve ROSC and short-term survival
compared to 0.9% saline [Miclescu, 2006, 2806-13]. Neither hypertonic saline nor 5% dextrose
during CPR were found to lower the defibrillation threshold [Ujhelyi, 1996, 784-90].
Voorhees et al [Voorhees, 1987, 113-23] compared Ringer’s lactate to whole blood, but
ROSC and survival of event outcomes were not included and thus it is difficult to extrapolate
data to draw useful, applicable conclusions from this paper. One human study
[D'Alecy, 1986, 505-11]concluded that the use of dextrose-containing fluid is harmful in cardiac
arrest compared to Ringer’s lactate, with lower survival rates and increased neurological
deficit.
[Longstreth, 1993, 2534] compared 5% dextrose in water with 0.45% NaCl. It found that type of
fluid administered was not related to awakening (16.7% for D5W versus 14.6% for 0.45S),
admission (38.0% for D5W versus 39.8% for 0.45S), or discharge (15.1% for D5W versus 13.3%
for 0.45S).
Without definite proven benefit of intravenous fluid use, the value of knowing which fluid to give
and whether it is beneficial is difficult to judge when there is no control group receiving no fluids.

3.

Two animal studies examined the use of normothermic fluids with a no fluid group control
[Gentile, 1991, 55-63, Jameson, 1993, 243-50]. Neither study found an improvement in coronary
perfusion pressure during CPR with intravenous fluids. One animal study of good quality but
small sample size [Jameson, 1993, 243-50] using hypertonic saline dextran found that the group
receiving fluids had no benefit during CPR but superior haemodynamic parameters following
ROSC than the group that did not (CPP, P = <0.05), although this did not equate to an improved
rate of ROSC.
Gentile et al [Gentile, 1991, 55-63] concluded that volume expansion would lead to increased
preload and afterload and thus may be detrimental during CPR. Interpretation of the Frank
Starling law [Frenneaux, 2003, 259-65], suggests that normovolaemia is optimal, although this
theory can only be applied with ROSC and thus a contracting heart. Paradis et al found that
coronary perfusion pressure is associated with improved rates of ROSC. Two
papers [Gentile, 1991, 55-63, Jameson, 1993, 243-50] did not find a difference in coronary
perfusion pressure with the use of fluids in addition to epinephrine, while another [Ditchey,
1984, 181-9] found that volume expansion without epinephrine reduced coronary and cerebral
perfusion pressures, thus making it detrimental. Voorhees et al [Voorhees, 1987, 113-23] describe
an increase in cardiac output during CPR with the use of IV fluid, but also documents a fall in
cerebral and coronary perfusion pressures.

One animal study (Yannopulos, 2009) showed that volume loading during cardiac arrest whether
normothermic or hypothermic, decreases CPP and ROSC when compared to no fluid or a cooling
method not involving fluid loading. This study had relevant control groups – no fluids, room
temperature fluids, cold fluid .
The animal studies suggest fluids during CPR cause a fall in CPP.
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In summary, there is insufficient evidence to support routine use of fluids during CPR. The use of
intravenous fluid for the inducing of therapeutic hypothermia during CPR does decrease patient
temperature but it is not clear whether there is any benefit or harm in the rate of ROSC compared to
the administration of no fluids.
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