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Abstract

hypoxia or oxygen debt. Oxygen debt is indicted by
extracellular release of anaerobic metabolism products (e.g.
lactic acid). Oxygen debt can result from a decrease in
oxygen delivery and/or an increase in oxygen consumption,
such as in hypovolemic, cardiogenic, or obstructive shock
(Table 1). Under such conditions tissue oxygen extraction is
increased, with simultaneous decrease in mixed venous
oxygen saturation (SvO2).

Over the past decade the practice of acute resuscitation and its
monitoring have undergone significant changes. Utilization of
noninvasive mechanical ventilation, goal-directed therapy,
restricted fluid volume, blood transfusion and minimally invasive
technology for monitoring tissue oxygenation have changed the
practice of acute resuscitation. Early diagnosis and definitive
treatment of the underlying cause of shock remains the mainstay
for survival after successful resuscitation. Patient-centered
outcome end-points, in addition to survival, are being utilized to
appraise the effectiveness of treatment. Application of medical
ethics to the ever changing practice of acute resuscitation has also
become a societal expectation.

Introduction
Resuscitation from circulatory and respiratory failure represents
the mainstay of emergency and critical care practice.
Resuscitation alone will not ensure patient survival unless
definitive treatment for the primary cause of the circulatory
and/or respiratory failure is delivered in a timely manner. This
review highlights some of the recent advances in the practice
of resuscitation by emergency medicine physicians in the
emergency department (ED). Advances in the resuscitation of
cardiopulmonary arrest are not discussed here.

Diagnosis of life-threatening illness
Life-threatening illness can be defined as an acute illness for
which delay or incorrect treatment will ultimately result in
catastrophic morbidity or death. The commonest presentation
is cardiovascular instability because the underlying illness has
advanced to shock. Several types of shock have been
described, based on the type of hemodynamic response
(Table 1): cardiogenic, hypovolemic, obstructive, and
distributive. Shock is characterized by inadequate tissue
perfusion with an imbalance between tissue oxygen delivery
and oxygen utilization, and cumulative build up of tissue
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Distributive shock is characterized by impaired tissue oxygen
extraction despite adequate or high systemic oxygen delivery
(Table 1). Anaerobic metabolites (e.g. lactic acid) are released
into the circulation in the face of a normal or elevated SvO2,
with a characteristic decrease in systemic oxygen extraction
ratio. Other clinical presentations include acute respiratory
and/or neurologic decompensation. Emergent interventions
are necessary to stabilize vital organs and prevent further
physiologic deterioration, which – without treatment – may
culminate in cardiorespiratory arrest and death.
Although shock is an advanced manifestation that is common
to a broad range of illnesses, it is essential that the underlying
illness be determined and treated if a successful outcome
from resuscitation is to be achieved. Mixed hemodynamic
patterns are frequently seen in clinical practice, making
classification of shock type to one of the aforementioned
categories (Table 1) difficult. However, the resuscitation
goals are the same, independent of the type of shock
encountered: to restore systemic oxygen delivery, to
normalize SvO2, and to repay the incurred oxygen debt, with
elimination of anaerobic metabolites.

Mode of resuscitation
The airway
Securing the airway remains the first and most important step
in successful resuscitation, allowing supplemental oxygen to

CVP = central venous pressure; ED = emergency department; ICU = intensive care unit; PAC = pulmonary artery catheterization; PCO2 = arterial
carbon dioxide tension; ScvO2 = central venous oxygen saturation; SvO2 = mixed venous oxygen saturation.
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Table 1
Classification of shock
Type of shock
Parameter(s)

Hypovolemic

Cardiogenic

Obstructive

Distributive

Preload, filling pressures, end-diastolic volumes

↓

↑

↑
↓

↓

Pump, cardiac output

↓

↓

↓

↑

Afterload, systemic vascular resistance

↑

↑

↑

↓

Systemic oxygen delivery

↓

↓

↓

↑

Systemic oxygen consumption

↑

↓

↑
↓

↑
↓

Systemic oxygen extraction ratio

↑

↑

↑

↓

Global oxygen balance, SvO2 or ScvO2

↓

↓

↓

↑

SvO2, mixed venous oxygen saturation; ScvO2, central venous oxygen saturation.

be delivered. A variety of nasal, oral, and laryngeal devices
are now available for use in difficult airways. The mainstay of
securing the airway is still endotracheal intubation via either
the nasal or oral route. Difficult intubation commonly arises
because of poor glottic visualisation during laryngoscopy or
high grade laryngeal view with inability to see the vocal cords.
The use of sedative or muscle relaxant medications,
especially those with a long duration of action, must be
avoided if difficult intubation is anticipated. Blind nasal
intubation during spontaneous breathing, laryngeal mask
airway, intubating laryngeal mask airway, transtracheal needle
jet ventilation, and fiberoptic bronchoscopy are among the
airway rescue devices that are available under such
circumstances [1]. Where there are anatomic or pathologic
distortions to facial, cervical, or pharyngeal structures, a
surgical airway with open or percutaneous cricothyroidotomy
may be necessary for airway rescue. All clinicians should be
familiar and experienced with at least one airway rescue
technique in case of failed endotracheal intubation.
Mechanical ventilation
Assisted positive pressure ventilation (i.e. mechanical
ventilation) may be necessary for delivering high inspired
oxygen concentration and eliminating the work of breathing
during resuscitation in the ED. Elimination of work of
breathing can reduce systemic oxygen consumption and
demands, with reversal of anaerobic metabolism and oxygen
debt in shock.

Although invasive mechanical ventilation via endotracheal
tube has been the main paradigm of emergency medicine
practice over the past 2 decades, noninvasive mechanical
ventilation has been proven to be a safe and effective
alternative in certain clinical situations [2]. Noninvasive modes
of mechanical ventilation with nasal, face, or helmet devices
have successfully been used to stabilize patients with acute
respiratory failure in the ED [3,4]. Both hypoxemic and

hypercapnic acute respiratory failures have been shown to
improve with noninvasive mechanical ventilation. Also, acute
asthma, exacerbation of chronic obstructive pulmonary
disease, congestive heart failure, and acute pulmonary edema
can be effectively stabilized with noninvasive mechanical
ventilation [5,6]. Advanced acute respiratory distress
syndrome, altered level of consciousness, poor airway
protection, and poor patient cooperation are contraindications to noninvasive mechanical ventilation because of
high failure rate. Noninvasive modes of ventilation are
advantageous because there is less morbidity from nosocomial pneumonia and shorter hospitalization as compared
with invasive mechanical ventilation [7]. Furthermore, the
frequency of other complications associated with barotrauma,
the need for continuous sedation, and prolonged immobility
are reduced by noninvasive positive pressure ventilation [8].
Appropriate patient selection, dedicated respiratory
therapists, and established institutional guidelines will ensure
successful application of noninvasive mechanical ventilation
in acute respiratory failure [9].
Hemodynamic monitoring
Restoration of adequate global and tissue oxygenation
remain the ‘gold standard’ markers for assessing the
adequacy of resuscitation. A variety of strategies exist to
assess
circulatory
status,
including
hemodynamic
monitoring, tissue perfusion measurement, and use of
anaerobic metabolism serum markers. There are several
invasive and noninvasive methods available for monitoring
hemodynamics (e.g. thermodilution pulmonary artery
catheter, lithium dilution method, Doppler echocardiography,
thoracic bioimpedance); these are discussed below.
Although each method has distinct advantages, they also
each have limitations, and it is important for the clinician to
understand the strengths and limitations of the method
employed in order to utilize the information derived to guide
acute resuscitation effectively [10].
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Invasive hemodynamic monitoring
Pulmonary artery catheterization (PAC) is the gold standard
technique for invasive hemodynamic monitoring during acute
resuscitation. Direct measurement of cardiac output, filling
pressures, and SvO2 can guide therapy to optimize cardiac
function, normalize SvO2, and restore the balance between
systemic oxygen delivery and consumption. However, recent
controlled studies have raised questions regarding the utility
of PAC in the intensive care unit (ICU) setting because this
type of monitoring does not translate into a decrease in
mortality or morbidity as compared with conventional central
venous catheterization [11,12]. It is uncertain whether the
same conclusions can be drawn for the utility of PAC during
acute resuscitation in the ED. The technical expertise
required and demand imposed on nursing for this type of
monitoring has limited its use in the ED setting.

A modified form of central venous catheterization has been
developed to measure central venous pressure (CVP) and
central venous oxygen saturation (ScvO2) simultaneously
during acute resuscitation in the ED [13,14]. Rivers and
coworkers [13] conducted a trial of early goal-directed
therapy, which included volume resuscitation with fluids to a
CVP of 12 mmHg or higher, vasopressor infusion to restore
mean arterial pressure to 65 mmHg or higher, followed by
transfusion of packed red blood cells and/or dobutamine
infusion to achieve a ScvO2 of 70% or greater. Early goaldirected therapy restored systemic oxygen delivery with rapid
elimination of anaerobic metabolites and decreased mortality
from shock [13]. Therefore, ED resuscitation protocols that
attempt to normalize CVP and ScvO2 can improve global
oxygenation and result in better survival.
Cardiac output can be measured continuously using the
lithium dilution method and arterial waveform analysis
[15,16]. The lithium dilution method requires central or
peripheral intravenous infusion of lithium salt solution,
followed by arterial sampling to measure stroke volume and
cardiac output [17]. A small dose of lithium chloride is
injected as an intravenous bolus, and cardiac output is
derived from the dilution curve generated by a lithiumsensitive electrode attached to the arterial line. Analysis of
arterial waveform energy provides a real-time calculation of
stroke volume and cardiac output. This method can also be
utilized with peripherally inserted central venous catheters in
upper extremities, eliminating the hazards associated with
central venous instrumentation. The lithium method has
limitations when assessing low cardiac output states (e.g.
hypovolemic or cardiogenic shock). However, in normal or
high cardiac output states it can provide reliable information
on stroke volume variation in real time, which can be difficult
to obtain using traditional thermodilution methods.
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Noninvasive hemodynamic monitoring
Doppler echocardiography, in the form of transthoracic or
transesophageal echocardiography, permits intermittent or

continuous noninvasive evaluation of hemodynamic
parameters, including aortic blood flow, global and regional
ventricular wall motion, and valvular integrity [18]. Cardiac
output, preload, afterload, and contractility are measured or
derived from the esophageal Doppler waveform. This method
can yield valuable information regarding diastolic and systolic
functions of left and right ventricles, as well as stroke
volumes. However, the technology involved requires highly
experienced operators for accurate image acquisition and
interpretation in the ED. Cardiac output calculated from
Doppler flow measurements require certain assumptions
regarding the geometry and dimensions of cardiac chambers
and thoracic aorta, which are age dependent.
Other noninvasive technologies such as thoracic bioimpedance for cardiac output determination are less operator
dependent and can be applied in the ED. Measurements of
stroke volume and cardiac output using the bioimpedance
method can be influenced by rapid changes in extravascular
and cellular fluid space content, especially during large
volume resuscitation.
Tissue oxygenation monitoring
Metabolic acidosis and lactic acidosis are byproducts of
anaerobic metabolism, and when they are measured in serum
they can be useful markers of persistent tissue hypoxia or
oxygen debt. Rapid bedside determination of blood lactate in
the ED has been made feasible with newly developed
enzymatic, substrate-specific electrodes [19]. A blood lactate
of 4 mmol/l or higher is a useful triage test for detecting
occult tissue hypoxia in the ED. Measurement of the
elimination rate of an elevated lactate is also a valuable
indicator of restoration of tissue oxygenation and relief from
regional ischemia [13]. Delayed elimination of elevated
lactate has been associated with subsequent development of
multiple organ dysfunction and high mortality [20].

Gastric mucosa or sublingual partial carbon dioxide tension
(PCO2) can serve as a simple and noninvasive measurement
for the diagnosis and estimation of the severity of shock in the
ED. Gastric mucosal and sublingual PCO2 are measured
using tonometric catheters inserted into the stomach or
beneath the tongue, respectively [21,22]. Gastric and
sublingual PCO2 are measured using automated devices; the
device used to measure sublingual PCO2 is a hand-held,
portable device. A PCO2 above 70 mmHg is associated with
poor blood flow to the gastric or sublingual mucosa, and is
consistent with global tissue ischemia [23]. The delayed
response of mucosal PCO2 to therapy limits its use for realtime monitoring of acute resuscitation.
Infrared and near infrared spectrometry, as is used in pulse
oximetry, has been employed to monitor the oxidation-reduction
state of hemoglobin and mitochondrial cytochrome in vivo. This
type of technology provides noninvasive means for assessing
cellular oxygenation and its recovery during acute resuscitation.
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Transcutaneous oxygen and carbon dioxide electrodes have
been used experimentally for early detection of tissue hypoxia
and impending shock. However, the reproducibility of the
clinical data, the real-time response, and associated
background noise have been major obstacles to its wider
application in clinical practice and use in the ED [24].
Fluid therapy
The mainstay of cardiovascular resuscitation is administration
of intravenous fluids to increase circulating blood volume,
cardiac preload, cardiac output, and systemic oxygen
delivery. Current controversies remain focused on the type,
composition, and volumes of fluid used during resuscitation
[25]. Whether colloid or crystalloid should be used as the
fluid of first choice remains uncertain because there is no
difference in mortality between the two types of fluid [26]. A
recent large randomized clinical trial comparing saline versus
iso-oncotic human albumin solution for acute volume
resuscitation has indicated that clinical outcome is similar
with both fluid types [27].

Recently, renewed interest has focused on the use of small
fluid volumes for acute resuscitation in uncontrolled
hemorrhage and trauma, to avoid large increases in systolic
arterial pressure and dilution of coagulation factors [28,29].
Hyper-osmolar sodium chloride (7%) and/or hyper-oncotic
hydroxethyl starch (6%) have been utilized for small volume
resuscitation safely in acute hypovolemic shock [30,31].
These types of fluids can maximally augment cardiac output
at relatively small volumes and produce minimal hemodilution,
while augmenting systemic oxygen delivery [32]. The type
and volume of infused fluid can influence vascular endothelial
integrity and capillary permeability [33]. Intra-abdominal
compartment syndrome, intracranial hypertension, and
pulmonary extravascular water accumulation are frequently
associated with large fluid volume resuscitation. Compartment syndromes have deleterious effects on respiratory
compliance, cardiovascular performance and splanchnic
perfusion, and can precipitate multiple organ dysfunction
[34,35]. Aggressive fluid resuscitation should focus on the
use of efficient plasma volume expanders such as colloids
and blood products in order to utilize the smallest volume of
fluid needed to restore sufficient global and tissue oxygen
delivery [36].
Blood transfusion
There has been growing concern regarding the relationship
between blood transfusion and the incidence of nosocomial
infections, organ dysfunction, and mortality in the critically
ill. Restrictive transfusion practices and tolerance of anemia
in a stable patient in the ICU was found more advantageous
than transfusion practice aimed at a higher hemoglobin
threshold in a randomized control trial [37,38]. Another
observational study [39] reported that blood transfusion
increased the risk for nosocomial infections and increased
length of stay for patients in the ICU after adjustment for

severity of illness at a single institution. However, no
randomized control trials to date justify a change in the
current transfusion practice of using either fresh or red cell
concentrate of short shelf-life for augmenting oxygen
delivery and avoiding the deleterious effects of high doses
of vasopressor and/or inotropic drugs for cardiovascular
support during resuscitation.
Cardiovascular support
Cardiovascular support during resuscitation may require
administration of pharmacologic vasoactive agents with
vasopressor and/or inotropic actions after blood volume is
restored [40]. Physiologic end-points of global and regional
oxygenation should be used for titration of vasoactive drugs
(Table 2) to avoid deleterious effects from their inappropriate
or excessive use [41]. Venous oxygen saturation (either SvO2
or ScvO2), plasma or blood lactate clearance rate, sublingual
or gastric mucosal PCO2, and urinary output are useful
parameters for assessing the effectiveness of pharmacologic
interventions. Temporary mechanical support with an intraaortic balloon pump may be necessary in cardiogenic shock
associated with acute coronary syndrome.
Definitive treatment
Although initial resuscitation will stabilize vital organs and
restore visceral perfusion and oxygenation, early definitive
treatment of the underlying cause of illness is required to
ensure survival. In penetrating and blunt trauma, certain
clinical indications require emergent surgical intervention.
Interventional revascularization in acute coronary syndrome
has been shown to improve survival from cardiogenic shock
secondary to acute coronary syndrome. Percutaneous
drainage, arterial or venous embolization, and insertion of
intraluminal stents or filters with the assistance of
interventional radiology can eliminate the need for surgical
intervention in certain situations [42,43].

Appropriate antimicrobial therapy and early intervention to
control sources of infection are the main pillars of definitive
treatment for sepsis [44]. Activated protein C can be given in
septic shock when cardiovascular dysfunction and/or
pulmonary dysfunction are established in order to reduce
mortality. Corticosteroid replacement for adrenal insufficiency
had been shown to improve cardiovascular stability and
perhaps decrease mortality in septic shock.

Outcomes of resuscitation
The success of resuscitation and treatment is commonly
measured in terms of 28-day or hospital survival.
Unfortunately, for many patients and families, survival is
unacceptable if it is associated with catastrophic morbidity,
such as care dependency or cognitive, psychological, and/or
physical disability [45]. A refocusing on patient-centered
outcomes that are meaningful to patients and families is
essential in measuring the success of resuscitation and
treatment [46]. Several factors are known to influence
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Table 2

Table 3

Common vasoactive agents used for cardiovascular support
during resuscitation

Outcome of resuscitation

Type of action

Drugs

Inotropic

Dobutamine
Milrinone
Dopexamine

Combined

Dopamine
Epinephrine

Vasomotor

Outcome end-points

Factors that impact on outcome

28-day survival

Age

Hospital survival

Pre-illness function and mobility

Long term care dependency

Chronic end-stage organ disease

Return to independent function

Etiology of acute illness

Quality of life-adjusted
survival

Timing of resuscitation and
definitive treatment

Norepinephrine
Phenylephrine
Vasopressin

resuscitation outcomes (Table 3). Adequacy and timing of
acute resuscitation, as well as definitive treatment of the
underlying illness, will influence short-term outcomes such as
incidence of multiple organ failure and hospital survival [47].
However, short-term outcomes do not always reflect
pertinent long-term outcomes such as physical, cognitive, or
psychological functioning, and subsequent life span. Longterm consequences may be attributed to the precipitating
illness, resuscitation, or definitive treatment, or all of these
combined. Advanced age, debilitation, impaired pre-illness
functional status, chronic disease, genotype, and socioeconomic environment can also predispose to long-term
sequelae on survival.

Ethical considerations in resuscitation
A recent epidemiologic survey [48] indicated that intensive
care is used in one out of five deaths in the USA, raising
significant concerns regarding the appropriateness of the
type of care offered to terminally ill, hospitalized patients. That
survey emphasizes the importance of informed participation
of patients and surrogates in decision making regarding
resuscitation and life-sustaining therapy. Physicians are
obliged to preserve the principles of beneficence, nonmaleficence, and respect for patient autonomy under all
circumstances, including during acute resuscitation [49].
However, the urgency of acute resuscitation and the impaired
ability of the patient to make a reasonable autonomous
decision both conspire against adequate consideration of the
principles of medical ethics.
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Health care providers often make initial resuscitation
decisions unilaterally. Under such circumstances, gaining
informed consent is not feasible and may lead to a common
misconception that consent is not required for resuscitation,
because it brings benefit and prevents harm, and the patient
is unable to give or withhold consent. Physicians who are
engaged in acute resuscitation have professional obligations

to address certain ethical issues. First, did the patient or their
surrogate participate in an informed decision making
process? Second, will treatment confer survival, restore
functional independence, and improve the patient’s quality of
life? Third, will treatment result in short-term or long-term
complications, disability, and/or care dependency? Finally,
will treatment represent efficient utilization of limited health
care resources?
Information gathered from advanced directives, living wills,
and family discussions that indicate patient-expressed
attitudes or wishes regarding such a situation must be
considered, along with the likely benefits and harms of the
resuscitation endeavor. The physician responsible for
initiating resuscitation or life-sustaining therapy must fulfill
that task [50]. Life-sustaining therapy that simply delays death
and prolongs suffering is unacceptable, and should be
carefully reconsidered. Medical futility of resuscitation
because of long-term permanent disability and poor quality of
life must be addressed in each clinical situation with
surrogate decision makers [51].

Conclusion
The modes and methods for monitoring acute resuscitation
have undergone significant changes over the past decade.
Patient-centered outcome measures and observance of
ethical principles are becoming integral to the everyday
practice of resuscitation.
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