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Cardiac arrest: Aims: The treatment recommendations from the 2005 International Consensus Conference on

Resuscitation; Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science (hosted by the
Hemodynamics; American Heart Association) advocate a goal-directed treatment strategy for hemodynamic
Cardiopulmonary optimization after return of spontaneous circulation (ROSC) in post-cardiac arrest care. We
resuscitation performed a systematic review to (1) examine the available evidence for goal-directed hemody-
namic support in the post-cardiac arrest syndrome, (2) determine the effect of such a treatment
strategy on survival, and (3) define the specific hemodynamic goals, if any, that have been tested
in clinical trials of post-cardiac arrest patients.
Methods: We conducted a systematic review of the Cochrane Library, MEDLINE, CINAHL, confer-
ence proceedings, clinical practice guidelines, and other sources using a comprehensive strategy
to identify randomized controlled trials and quasi-experimental studies of goal-directed hemo-
dynamic optimization in patients with ROSC after cardiac arrest.
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Results: The comprehensive search yielded a total of 1184 potential publications and after a
relevance screen, five studies were eligible for full article review. None of the studies were
eligible for inclusion in the final analysis.

Conclusions: To date, no clinical trials have examined hemodynamic optimization in post-cardiac
arrest patients. Although clinical acumen may support the concept that hemodynamic derange-
ments after ROSC should be normalized, there is currently no evidence available to indicate the
best strategy for goal-directed hemodynamic support. The current study indicates the need for
future clinical investigations designed to determine both the efficacy of hemodynamic optimiza-
tion in post-cardiac arrest patients and the best endpoints to target as part of a goal-directed

strategy.

© 2007 Elsevier Ireland Ltd. All rights reserved.

Introduction

The concept of goal-directed hemodynamic optimization
as a treatment strategy to improve clinical outcome in
critically ill patients has been tested in numerous ran-
domized clinical trials since the 1980s. The first report of
efficacy data came from a clinical trial in heterogeneous
peri-operative high-risk surgery patients,' but the strongest
efficacy data to date, with respect to improvement in sur-
vival, was demonstrated in patients with severe sepsis and
septic shock.? Given that after return of spontaneous cir-
culation (ROSC), the immediate post-cardiac arrest period
may be characterized by profound hemodynamic instability
due to reversible myocardial stunning and a robust systemic
pro-inflammatory response,®~¢ it is a logical hypothesis
that post-cardiac arrest patients may benefit from a goal-
directed hemodynamic optimization treatment strategy as
part of post-resuscitation care.

The 2005 International Consensus Conference on Car-
diopulmonary Resuscitation and Emergency Cardiovascular
Care Science with Treatment Recommendations advocates
a goal-directed hemodynamic support strategy for post-
cardiac arrest patients.” The committee acknowledged that
the data supporting this recommendation is extrapolated
from other disease processes (i.e. Level of Evidence 7),
most notably septic shock.Z Although the recommenda-
tion did not explicitly state specific hemodynamic goals
or endpoints of resuscitation that clinicians should target
as part of a goal-directed treatment strategy, the recom-
mendation did include a directive that ‘‘providers should
normalize oxygen content and oxygen transport’’ vari-
ables (similar to goal-directed therapy for septic shock?).”
The broad nature of such a directive potentially could be
challenging for clinicians who, in an attempt to imple-
ment the consensus recommendation in practice, would
need to select specific hemodynamic goals or endpoints
of resuscitation (e.g. mixed venous oxygen saturation) to
target as part of goal-directed hemodynamic optimiza-
tion.

In this systematic review we aimed to (1) examine the
available evidence for goal-directed hemodynamic support
in the post-cardiac arrest syndrome, (2) determine the
effect of such a treatment strategy on survival, and (3)
identify the specific hemodynamic goals (e.g. optimiza-
tion of cardiac filling pressure, arterial pressure, cardiac
output, or oxygen transport variables), if any, that have
been tested in clinical trials of post-cardiac arrest pati-
ents.

Materials and methods

Search strategy for identification of studies

We followed a written protocol that was finalized prior to
beginning the study. We searched the Cochrane Library,
MEDLINE (1965—July 2007) and CINHAL (1982—July 2007)
using the search terms (‘‘post-resuscitation’’ or ‘‘post car-
diac arrest’’ or ‘‘cardiac arrest’’ or ‘‘critical care’’) and
(‘"hemodynamics’’ or ‘‘resuscitation’’ or ‘‘resuscitation
endpoints’’ or ‘‘oxygen delivery’’ or ‘‘goal-oriented
therapy’’ or ‘‘goal-directed resuscitation’’ or ‘‘early goal-
directed therapy’’) and ‘‘clinical trial’’. To identify
potential unpublished data we contacted two experts in the
field of cardiac arrest resuscitation, we reviewed published
practice guidelines for post-resuscitation care from 2000 to
2007, and searched websites containing details for clinical
trial registration.

Inclusion criteria

We considered studies eligible for review if they were
randomized controlled trials or quasi-experimental studies
(prospective before-and-after trials or controlled prospec-
tive before-and-after trials) in adults with ROSC after
cardiac arrest who were treated with (1) a clearly defined
intervention consisting of a structured cardiovascular resus-
citation protocol administered to achieve pre-defined
hemodynamic endpoints and (2) a control group in which
subjects received standard of care therapy. We also included
studies of pre-hospital, surgical and critical care populations
in order to extract data on subpopulations of post-cardiac
arrest patients if there were clearly definable criteria for
cardiac arrest and data available for those subpopula-
tions.

Study selection and data abstraction

The titles and abstracts of identified studies were screened
for eligibility by two independent reviewers (AEJ and ST). All
studies deemed potentially relevant were obtained and the
full manuscripts were reviewed for inclusion. Two reviewers
abstracted data on patients, interventions and outcomes.
Any disagreements in these processes were resolved by con-
sensus.
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Assessment of quality

Study quality was assessed using two categories, (1) appro-
priate patient selection by identification of cardiac arrest
using a standard definition and (2) the internal validity of the
studies were assessed using the criteria proposed by Jadad
et al. which evaluate quality of randomization, blinding and
withdrawals.®

Statistical analysis

The primary outcome of interest was in-hospital mortality.
Thus, the raw data from each included study was used to
calculate the effect size for each study. Heterogeneity was
assessed using a Chi-square test, with P<0.10 representing
significance. The results were combined only if there was
a lack of statistically significant heterogeneity among the
included trials. A random-effects model was used to pool
the results of only the randomized controlled trials included
in the systematic review. Inter-observer agreement of the
relevance screen was assessed using Cohen’s kappa statistic.

Results

The comprehensive search yielded a total of 1184 publica-
tions. After the relevance search (blinded inter-observer
agreement «=0.89), we performed a complete article
review on the remaining five studies. Four of the stud-
ies investigated hemodynamic optimization in critical care
populations, but there were no identifiable cardiac arrest
subpopulations. One study was a pre-hospital investigation
that did not test a goal-oriented intervention. None of
the studies were eligible for inclusion in the final analysis
(Figure 1).

Discussion

Post-cardiac arrest syndrome is a devastating disease with
high morbidity and mortality.® After successful achieve-
ment of ROSC, >60% of patients do not survive to hospital
discharge.’® New research innovations such as therapeu-
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Search, inclusion, and exclusion flow diagram.

tic hypothermia for neuroprotection after cardiac arrest,
applied after ROSC, have improved clinical outcome'"'2
including survival'' in post-cardiac arrest patients. Due to
this recent progress, a new concept for emergency cardiac
care has emerged: post-ROSC interventions can be a vital
link in the **chain of survival’’ from cardiac arrest."3

Post-cardiac arrest syndrome can manifest with hemody-
namic instability due to (1) profound but reversible myocar-
dial stunning® and (2) a robust systemic pro-inflammatory
response secondary to global ischemia-reperfusion injury.3*
In other critically ill populations with major hemody-
namic instability, most notably severe sepsis and septic
shock, early goal-directed hemodynamic optimization tar-
geting quantitative endpoints of resuscitation has improved
survival.? Thus, it seems logical that hemodynamic optimiza-
tion in the early post-ROSC phase of therapy potentially
could improve clinical outcome in post-cardiac arrest
patients.

In 2005, the International Consensus Conference on Car-
diopulmonary Resuscitation and Emergency Cardiovascular
Care Science with Treatment Recommendations made the
following recommendation in the ‘‘postresuscitation care’’
guideline:

Data extrapolated from a study of goal-directed ther-
apy for sepsis (Level of Evidence [LOE] 1 for sepsis?;
LOE 7 [extrapolated] for cardiac arrest) suggests that
providers should try to normalize oxygen content and
oxygen transport.’

Since the publication of this recommendation, some
institutions have successfully implemented a goal-directed
treatment strategy for post-cardiac arrest care (e.g. target-
ing normalization of central venous oxygen saturation').
However, one potential challenge facing clinicians trying
to implement the consensus recommendation in practice
is the broad nature of this directive. It leaves the clin-
ician with the burden of selecting specific hemodynamic
goals or endpoints of resuscitation to target as part of goal-
directed hemodynamic optimization. Thus, our objectives
in performing this review were to not only examine the
available evidence supporting a goal-directed hemodynamic
support strategy in the post-cardiac arrest syndrome, but
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also to define the specific hemodynamic goals that clinicians
should target. Using a comprehensive search strategy, we
were unable to identify any clinical trials that have exam-
ined the effect of hemodynamic optimization on outcome in
post-cardiac arrest patients. Furthermore, we were unable
to identify any available data to guide the selection of pre-
defined hemodynamic endpoints of resuscitation post-ROSC.
Although clinical acumen supports the concept that hemo-
dynamic derangements after ROSC should be normalized,
there is currently no evidence available to indicate the
best strategy and endpoints for goal-directed hemodynamic
support. Even if it is assumed reasonable to extrapolate
about the efficacy of hemodynamic optimization from the
available evidence in other disease processes, the optimal
hemodynamic variables to target remain unknown.

This study highlights the need for future controlled
clinical trials designed to determine both the efficacy of
hemodynamic optimization in post-cardiac arrest patients
as well as the optimal endpoints of resuscitation that,
when coupled with current state-of-the-art post-ROSC
interventions, "2 could improve survival beyond what is
presently observed.

Conclusions

To date, no clinical trials have examined hemodynamic
optimization in post-cardiac arrest patients, and there is
currently no evidence available to indicate the best strat-
egy for goal-directed hemodynamic support. The current
study indicates the need for future controlled clinical trials
designed to determine both (1) the efficacy of hemodynamic
optimization in post-cardiac arrest patients and (2) the best
endpoints to target as part of a goal-directed strategy.
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