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Shock
Cathy H. Dichter
Martha A.Q. Curley

Shock, along with its associated reduction in effective tissue
perfusion, results from the loss of integrity of one or more
of the four essential components of circulation: blood
volume, cardiac pump, vascular tone, and cell function
(Table 27-1). Regardless of the cause, the final common
pathway of shock is cell destruction caused by either
ineffective tissue delivery or impaired use of essential
cellular substrates.
The extent to which shock contributes to morbidity
and mortality among critically ill infants and children is
directly related to the ability of caregivers to (I) rapidly
recognize the cluster of symptoms characteristic of shock;
(2) vigilantly attend to the administration and titration of
collaborative management strategies intended to interrupt the numerous pathophysiologic cascades associated
with shock; and (3) efficiently provide intensive nursing care.

CATEGORIES OF SHOCK

Low-Flow Shock
Maldistributive Shock
TRAJECTORY OF ILLNESS
PHYSIOLOGIC RESPONSES TO SHOCK

Neuroendocrine Activation
Anaerobic Metabolism
Fluid Shifts
Mediator Release
CLINICAL ASSESSMENT: RED FLAGS OF CARDIOVASCULAR
COLLAPSE

Low-Flow Shock
Maldistributive Shock
Hemodynamic and Oxygenation Profiles
COLLABORATIVE MANAGEMENT

CATEGORIES OF SHOCK

Supportive Treatment
Definitive Treatment
Enhance Substrate Delivery
Minimize Energy Expenditure
Optimize Nutrition

Although classified in a variety of ways, shock can be
divided into two major categories. Based on characteristic
blood flow, the categories are low-flow shock and maldistributive shock. Low-flow shock states are characterized by
decreased cardiac output. The low-flow state may be due to
hypovolemia, cardiac failure, or critical obstruction of blood
flow from the heart. Maldistributive shock states are
characterized by normal or increased cardiac output but an
abnormal distribution of blood flow. This category of shock
includes neurogenic shock, anaphylaxis, and, most commonly, septic shock. Clustering all shock states into these
two hemodynamically based categories provides clinically
relevant information. Not only do these two categories of
shock present differently fmm one another, but also the
primary interventions in each are different. However, it is
crucial to note the mixed nature of most forms of clinical
shock. For example, septic shock presents as maldistributive
shock but may progress to low-flow shock secondary to
myocardial depression.

PROACTIVE CARE: VIGILANCE

Newborns
Multiple Organ Dysfunction Syndrome
UNCONVENTIONAL THERAPIES
SUMMARY

O

ne of the most challenging clinical problems in
pediatric critical care is caring for the patient in shock.
Shock is a "state in which profound and widespread
reduction of effective tissue perfusion leads first to reversible, and then, if prolonged, to irreversible cellular injury. "I
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25
50
75
Percent blood volume deficit

~ Causes of Shock
Low-Flow Shock (Hypovolemic)
Blood Loss
Water Loss
Trauma (e.g:, splenic rupture)
Vomiting and diarrhea
Gastrointestinal bleeding
Diabetes mellitus
Inadequate replacement
Diabetes insipidus

Plasma Loss
Capillary leak syndrome
Hypoproteinemia
Nephrotic syndrome
Burns
Peritonitis
Bowel obstruction
Low-Flow Shock (Cardiogenic)
Metabolic
Cardiac Tamponade
Hypoxemia, acidosis,
Coexisting Disorders
hypoglycemia, severe
Cardiac failure secondary to
electrolyte imbalance
congenital or acquired
Dysrhythmias
heart disease
Drug toxicity
Maldistributive Shock
Neurogenic
Anesthesia, spinal cord injury

Model for cardiovascular response to hypovolemia
from hemorrhage. (Reproduced with permission from Textbook of
pediatric advanced life .,upport, 1990. Copyright by American
Heart Association.)
Fig. 27-1

.

Septic Shock
Any infectious organism

Anaphylactic
Immune or nonimmune induced

Low-Flow Shock
The most common shock syndrome in infants and children
is low-flow shock resulting from acute hypovolemia. Any
illness or injury that results in an acute reduction in

circulating blood volume-that is, severe blood, plasma, or
body fluid loss-can cause hypovolemia and shock. The
decrease in intravascular volume can be absolute, as in
hemorrhage after trauma, or relative, as in nephrotic
syndrome when plasma moves out of the vascular space into
the interstitial space. Other common causes of hypovolemic
and low-flow shock in infants and children are listed in
Box 27-1.
The progressive pathophysiologic effects of intravascular
volume loss include decreased venous return, decreased
ventricular filling, decreased stroke volume, decreased
cardiac output, and then ineffective tissue perfusion. Following the loss of volume, a series of cardiac and peripheral
hemostatic adjustments are stimulated in an attempt to
support myocardial and cerebral perfusion pressures. In
previously healthy hypovolemic patients, systolic and mean
arterial blood pressures are often maintained until the blood
volume deficit reaches 25% (Fig. 27-1). The degree to which
compensatory mechanisms succeed in maintaining blood
pressure is determined by the infant's or child's preexisting
health status, particularly cardiac reserve, as well as the
volume and rate of blood or fluid loss and resuscitation
attempts.
Insufficient cardiac output despite adequate and at times
increased ventricular preload is the second cause of lowflow shock. In addition to congenital or acquired heart
disease, other important causes of cardiogenic low-flow
shock in the pediatric population include hypoxemia,
acidosis, posthypoxic-ischemic arrest, hypoglycemia, severe electrolyte imbalance, dysrhythmias, drug intoxication,
chest trauma (myocardial contusion), and outflow obstructions. The term obstructive shock is sometimes used to
describe the low-flow state that results from mechanical
obstruction to ventricular outflow from either decreased
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diastolic filling (tension pneumothorax, tension pneumopericardium, pericardial effusion, cardiac tamponade) or
increased ventricular afterload (massive pulmonary embolus). Compensatory mechanisms designed to support perfusion pressures often contribute to the progression of
cardiogenic shock.

Maldistributive Shock
Maldistributive shock results from an abnormal distribution
of blood volume. Hemodynamically, its defining feature is
an overall decrease in systemic vascular resistance (SVR).
Vasomotor paralysis, increased venous capacity, or abnormal shunting of blood past capillary beds results in the
abnormal apportionment of circulating blood volume that is
characteristic of maldistributive shock. In infants and
children, maldistributive shock may be neurogenic, anaphylactic, and, most commonly, septic shock (see Box 27-1).
Neurogenic maldistributive shock is characterized by
massive vasodilation from loss of sympathetic vasomotor
tone. Alterations in the regulation of vasomotor tone may be
due to either pharmacologic blockade (anesthetic agents,
morphine, barbiturates, antihypertensives) or traumatic
damage to the sympathetic nervous system (spinal cord
transection above TI). The resulting vasodilation leads to
increased vascular capacity in affected body parts, usually
the extremities, depriving vital organs of oxygen and
nutrients.
Anaphylactic maldistributive shock is caused by massive
release of mediators from tissue mast cells and circulating
basophils resulting from anaphylaxis or an anaphylactoid
reaction. Anaphylaxis, an immediate hypersensitivity reaction, may occur after sensitized individuals are exposed to
drugs, especially antibiotics, food, or insect venom. Mediated by the interaction of immunoglobulin E (lgE) antibodies (on the surface of mast cells and basophils) and the
antigen, primary mediators of anaphylaxis are released,
including histamine, serotonin, and others. Subsequently,
secondary mediators, such as bradykinin and prostaglandins, are synthesized and released. Although clinically
indistinguishable from anaphylaxis, an anaphylactoid reaction results from nonimmunologic release of mediators from
mast cells and basophils. Anaphylactoid reactions may
occur as a result of various medical agents, such as contrast
dye, protamine, muscle relaxants, and anesthetics? Anaphylactic shock is hemodynamically very similar to septic
shock with profound vasodilation and capillary leak. In
addition, patients often demonstrate urticarial rash, laryngeal edema, and severe bronchospasm. Unlike in the
emergency department, anaphylactic shock is an uncommon
phenomenon in the ICU.
The most common maldistributive shock in pediatrics is
septic shock. Zimmerman and Dietrich 3 describe septic
shock as a disease of intermediary metabolism induced by
an infectious agent (microorganism), which results in
physiologic and destructive host responses and corresponding fuel energy deficits. All organisms (gram-negative
bacteria, gram-positive bacteria, viruses, fungi, rickettsiae,
spirochetes, protozoa, and parasites) can initiate the multi-

~
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Common Etiologic Agents of Septic Shock

.

Neonate
(3-Hemolytic streptococci
Escherichia coli
Herpes simplex virus

Older Infant and Child
Haemophilus injiuenzae. type B*
Neisseria meningitidis
Slreptococcus pneumoniae
(3-Hemolytic streptococci
Nosocomial
Slaphylococcus aureus
Staphylococcus epidermidis
Pseudomonas
Candida
* As

a result of immunization with conjugated vaccines in the United Sl'3tes.
microbial causes of sepsis in immunocompetent children are limited.

system, subcellular metabolic derangements associated with
septic shock, but etiologic agents vary according to age and
immunologic status of the patient and the place of microbial
acquisition (community vs. hospital setting) (Box 27-2). In
pediatrics, gram-negative and gram-positive nosocomial
infections occur in almost equal proportions; the foci
primarily include skin and lungs. 4 Endotoxin release from
gram-negative bacteria (Fig. 27-2) or exotoxin release from
gram-positive bacteria are two prominent exogenous mediators that serve as triggers to this complex process. 5
The normal inflammatory immune response is triggered
when the microorganism gains access to the body's internal
environment. The inflammatory immune response is triggered in an effort to eliminate or neutralize the microorganism and its toxins, contain the microorganism invasion and
prevent its systemic access (bloodstream), and promote
rapid healing of involved tissues. 6 When the ability to serve
these functions is overwhelmed, there is systemic release of
the microorganism (and associated toxins) and subsequent
activation and release of various endogenous mediators and
cytokines, referred to as the systemic inflammatory response
syndrome (SIRS).
The interrelationship among SIRS, sepsis, septic shock,
and organ dysfunction was originally conceptualized by
Bone 7 and later adopted by the American College of Chest
Physicians and the Society of Critical Care Medicine 8 (Box
27-3). An important conceptual outcome of this work was
that inflammation (with or without infection) was identified
as a major pathogenic factor in the development of SIRS,
sepsis, septic shock, and multiple organ dysfunction syndrome (MODS). In addition, establishing consensus on the
use of terminology and diagnostic criteria facilitates clarity
and consistency so that clinicians can compare the results of
clinical research studies related to sepsis.
To determine the incidence of SIRS, sepsis, severe sepsis,
septic shock, and MODS in critically ill children, Proulx and
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Box 27-3

Definitions of SIRS, Sepsis,Septic Shock,
and Multiple Organ Dysfunction Syndrome

Infection
Microbial phenomenon characterized by an inflammatory
response to the presence of microorganisms or the invasion of
normally sterile host tissue by those organisms
Bacteremia
Presence of viable bacteria in the blood
Systemic Inflammatory Response Syndrome (SIRS)
Systemic inflammatory response to a variety of severe clinical
insults. The response is manifested by two or more of the
following conditions:
Temperature >38 0 C or <36 0 C
Tachycardia
Tachypnea
WBC >12,000 cells/mm J , <4000 cells/mm'. or >10% immature (band) forms

'"--'
ColI Wall

O· Specific Chain

Fig. 27-2 Phagocytosis of gram-negative bacteria releases endotoxin, which is a component of the bacterial cell wall. Endotoxin
is a lipopolysaccharide molecule with three components: lipid A, a
polysaccharide core, and an O-specific chain. Lipid A contains
most of the biologic effects of endotoxin, and O-specific chain is
a major antigen recognized by the body. (From Klein DM,
Witek-Janusek L: Advances in immunotherapy of sepsis, Dimens
Crit Care Nurs 11 :79, 1992. Copyright 1992 by Hall Johnson
Communications. Reproduced with permission. For further use,
contact the publisher at 9737 West Ohio Avenue, Lakewood CO
80226.)

colleagues 9 conducted a prospective cohort study involving
1058 consecutive pediatric intensive care unit (PICD)
admissions. SIRS occurred in 82% of PICD admissions;
23% had sepsis, 4% had severe sepsis, 2% had septic shock;
16% had primary MODS, and 2% had secondary MODS.
Compared with patients with primary MODS, secondary
MODS was associated with a longer duration of organ
dysfunction, longer length of stay after MODS diagnosis,
and a higher risk of mortality.
The hallmarks of septic shock are a maldistribution of
circulating blood flow, imbalance of oxygen supply and
demand, alterations in metabolism, and cardiac dysfunction, resulting in a myriad of pathophysiologic events
(Box 27-4).
Two specific causes of septic shock that require specific
mention are meningococcemia and toxic shock syndrome.
Meningococcemia, caused by the gram-negative diplococcus Neisseria meningitidis. is a particularly virulent infection in children. Clinical presentation is often dramatic, with
death often ensuing in a mailer of hours. Classic presentation includes purpura fulminans, initially described as
petechiae coalescing to diffuse purpuric ecchymotic lesions
(Fig. 27-3). Poor prognostic indicators include purpura
fulminans along with hypothermia, seizures, or hypotension
on presentation; white blood cell (WBC) count of less than

Sepsis
Presence of SIRS with infection. This systemic response is
manifested by two or more of the following conditions as a
result of infection:
Temperature >38 0 C or <36 0 C
Tachycardia
Tachypnea
WBC > 12,000 cellslmm 3 , <4,000 cellslmm', or > 10% immature (band) forms
Severe Sepsis
Presence of sepsis associated with organ dysfunction, hypoperfusion, or hypotension (e.g., lactic acidosis, oliguria, an acute
change in mental status)
Septic Shock
Presence of sepsis with hypotension, despite adequate fluid
resuscitation, along with the presence of perfusion abnormalities that may include, but are not limited to, lactic acidosis,
oliguria, or an acute alteration in mental status. Patients who are
receiving inotropic or vasopressor agents may not be hypotensive at the time that perfusion abnormalities are measured.
Multiple Organ Dysfunction Syndrome (MODS)
Presence of altered organ function in an acutely ill patient such
that homeostasis cannot be maintained without interventions
From the American College of Chest Physicians/Society of Critical Care
Medicine Consensus Conference: Definitions for sepsis and organ failure
and guidelines for the use of innovative therapies in sepsis, eril Care Med
20:864-874, 1992.
WBC, White blood cell.

5000 mm 3 ; and platelet count of less than 100,000 mm 3 . JO

Fulminant disease is often associated with bilateral adrenal
hemorrhage referred to as Waterhouse-Friderichsen syndrome. The severe, rapidly progressive cardiovascular
collapse associated with meningococcemia is thought to be
a result of endotoxin-induced myocardial depression.

Chapter 21
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r.,ajor Pathophysiologic Changes Associated With Septic Shock

Maldistribution of
Circulating Blood Flow

Imbalance 01' Oxygen Supply
and Demand

Increased capillary
penneability
Vasodilation
Selective vasoconstriction
Loss of autoregulation
Microvascular thrombi
Vascular obstruction
Tissue edema
Cellular aggregation
Microthrombi
Fluid imbalances

v/Q mismatching
Intrapulmonary shunting
Maldistribution of blood
volume
Microcirculatory abnormalities
Oxygen extraction defects
Increased demand
Pain, fever
Tachycardia
Increased work of breathing
Restlessness or anxiety

Alterations in Metabolism

Cardiac Dysfunction

Hyperrnetabolism
Inadequate substrate
metabolism
Protei n catabolism
Liver dysfunction
Resistance to exogenous medication administration
Peripheral cell dysfunction

Decreased coronary artery
blood flow
Myocardial depressant factor
Decreased LV ejection fraction
LV dilation
Abnonnal ventricular
compliance

Modified from Secor VH: Primary events and mediator release, In Secor VH. ed: Multiple orxafl dysfunction and failure. ed 2. 5t Louis, 1996, Mosby, Table 1-2. p 12.

\110., Ventilation-perfusion ratio; LV, lef( ventricular.

27·2 Diagnostic Criteria of Toxic
Shock Syndrome

TABLE

>38.9° C
Diffuse macular erythrodenna
Desquamation (palms and soles)
1-2 weeks after onset of
illness
Systolic pressure less than the 5th
percentile for children <16 yr

ree or More Organ System Involvement Is Required:
Vomiting or diarrhea or both
Severe muscle pain or creatine
phosphokinase over twice upper
nonnal
Hyperemia (conjunctival, oral,
vaginal)
BUN over twice upper nonnal
and increased WBC in urine
(without UTI)
Total bilirubin, AST (SGOT), or
ALT (SGPT) over twice upper
nonnal
, ematologic
Platelets <IOO,aOO/mm'
Change in consciousness when
ntral nervous
fever and hypotension absent
system
Sterile blood, throat, CSF cultures
boratory results
(except for Staphylococclls
allrells); serologic test for Rocky
Mountain spotted fever, leptospirosis, or measles must be
negative

Fig. 21-3 Infant with purpura fulminans associated with
meningococcemia.

Close contacts of all patients with invasive meningococcal disease are at risk and should receive prophylaxis within
24 hours of the diagnosis of the primary case. Close contacts
include anyone who had contact with the patient's oral
secretions during the 7 days before the onset of disease in
the primary case. The chemoprophylactic drug of choice for
pediatric contacts continues to be rifampin. II Ciprofloxacin,
in a single oral dose, may be given to nonpregnant adults
older than 18 years of age.
Toxic shock syndrome (TSS), septic shock resulting from
toxin-producing strains of Staphylococcus aureus, can occur
in nonmenstruating women and in males. Risk factors
include surgical wound infections or focal (sinusitis, pneumonia, etc.) and systemic S. aureus infection. TSS is
probable when at least four of the five major diagnostic
criteria are fulfilled. Diagnostic criteria, defined by the
Centers of Disease Control and Prevention, are included in
Table 27-2. Individualized treatment includes antistaphylococcal antibiotics and control of the focus of infection.

~E

li" rom American Academy of Pediatrics: 1997 Red Book: Report oj (he

!l?,,'.

I!1-CommiTlee 011 IIIJectious Diseases, ed 24, Elk Grove Village, III, 1997,

l&~erican

Academy of Pediatrics.

~fJJUN, Blood urea nilrogen; WBC, white blood cell; UTI. urinary tract
f!]'::rifection; AST, aspartate aminotransferase; SGOT, serum glutamic·
,iPxaloacetic transaminase; ALT. alanine aminotransferase; SGPT, serum
~lutamic-pyru\lic transaminase: CSF, cerebrospinal fluid.
c;-=;
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TRAJECTORY OF ILLNESS
Shock is a syndrome that reflects the body's attempt to adapt
to an insult and preserve vital organ function. The trajectory
of adaptation in shock can be divided into three phases: a
compensated stage during which blood pressure is maintained, although there is evidence of ineffective tissue
perfusion; an uncompensated stage that reflects the inadequacy of compensatory mechanisms in the maintenance of
blood pressure; and a refractory stage. Response to therapy
varies during these stages.
In the first phase, the body's intrinsic supportive mechanisms can generally maintain normal vital organ function.
Systemic blood flow is usually normal or increased.
Hemodynamic values and vital signs may be normal or
enhanced, reflecting the physiologic attempt to maintain
vital organ perfusion. Although some parameters may
appear enhanced, the body's total metabolic needs are not
met, as evidenced by lactic acidosis and 0liguria. 12 The
success of the body's intrinsic supportive mechanisms is
determined by the patient's preexisting state (e.g., volume
status and myocardial function), illness, time elapsed, and
treatment provided.
In the second phase, compensatory mechanisms are
insufficient to maintain blood pressure and effective oxygen
and nutrient delivery to the tissues. Delayed or inadequate
maintenance of intravascular volume or other iatrogenic
causes may play some role in the patient's deterioration.
More often, though, the body simply lacks sufficient
substrate for metabolic processes, or the cellular damage
sustained is such that available substrate cannot be used.
During this uncompensated period, clear evidence of poor
perfusion is seen both in clinical parameters, such as skin,
kidney, and brain, as well as in hemodynamic parameters,
such as blood pressure, oxygen saturation, and filling
pressures. Various tissues and organ systems experience
insults, and multiple organ dysfunction, such as acute
respiratory distress syndrome (ARDS) or disseminated
intravascular coagulation (DIC), may develop and hasten
the onset of the final stage and preclude recovery.
In the third phase, shock becomes irreversible. Damage
to vital organs such as the heart and brain cannot be reversed
with either time or therapeutic maneuvers.
Refractory or unresponsive septic shock has been
described as progressing through three phases: a
hyperdynamic-compensated phase, a hyperdynamicuncompensated phase, and a hypodynamic or cardiogenic
shock phase. 13 A previous assumption was that the hyperdynamic state ("warm shock") was consistently followed
by the hypodynamic state ("cold shock"); however, research has shown two flaws with this assumption. First, with
more generous use of hemodynamic monitoring and vigorous volume expanders, the incidence of hypodynamic septic
shock is not as common. In fact, in adults with septic shock,
approximately only 10% die of progressively deteriorating
cardiac output (hypodynamic).14 Second, the terms warm
and cold shock did not always correlate accurately with true
hemodynamic findings. Bone 7 therefore advises against
using the terms warm and cold shock. Although fluidresuscitated adults rarely display hypodynamic septic shock,

hypodynamic septic shock (low cardiac output rather than
low SVR) appears more common in fluid-resuscitated
children. ls In fact, low cardiac output, rather than low SVR,
is associated with pediatric septic shock mortality.I6-18 In
refractory septic shock, decreased SVR persists, but cardiac
output falls because of unresponsive myocardial depression.

PHYSIOLOGIC RESPONSES TO SHOCK
Although physiologic responses to the different types of
shock vary, patterns do exist within each category. The
common physiologic characteristic of all early shock states
is either reduced or ineffective oxygen supply relative to
tissue demand. Physiologic mechanisms such as increased
oxygen extraction in low-flow shock and increased cardiac
output in maldistributive shock attempt to compensate for
the uncoupling of oxygen supply and demand. Autoregulation maintains perfusion to the brain and heart by diverting
blood flow from the nonessential areas of the skin, gut, and
kidneys. With time, ongoing redistribution of blood flow can
lead to progressive dysfunction, and, ultimately failure of
major organ systems.

Neuroendocrine Activation
The neuroendocrine response, also known as the stress
response, consists of sympathetic nervous system (SNS) and
endocrine activation. The effects of SNS activation are
diverse and serve one of two primary functions: maintenance of cardiovascular and respiratory function and energy
and substrate mobilization.
Cardiac centers in the brainstem stimulate most of the
sympathetic nerves at once, causing an increase in cardiac
output, heart rate, and blood pressure. This stimulation
results in a tenfold increase in norepinephrine, producing
vasoconstriction in all vascular beds. With SNS stimulation,
the adrenal medulla also releases massive amounts of
catecholamines; epinephrine levels increase fiftyfold. Epinephrine increases both heart rate and myocardial contractility (unless limited by reduced or impaired myocardial
function) and increases tissue perfusion pressure by direct
vasoconstriction of all vascular beds except those in skeletal
muscle and the liver.
A fall in mean arterial pressure or pulse pressure results
in baroreceptor stimulation. Baroreceptor stimulation leads
to diminished parasympathetic stimulation and enhanced
sympathetic stimulation of the heart, producing positive
cardiac inotropy and chronotropy and arterial and venous
vasoconstriction. Low capillary hydrostatic pressure relative
to plasma oncotic pressure shifts interstitial fluid into the
intravascular compartment. The benefits of this "autotransfusion" are self-limiting because dilution of the hematocrit
and plasma oncotic pressure eventually results. Because
extracellular fluid volume is higher in children than in
adults, this mechanism may playa greater role in pediatric
shock than in adult shock.
When cerebral perfusion pressures reach very low levels
(below cerebral autoregulation-about 40 mmHg in older
children), a sympathetic surge produces massive vasocon-
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striction and a temporary arrest in the decline of blood
pressure and cardiac output. The central nervous system
(eNS) ischemic reflex maintains blood pressure by doubling
SVR and producing a fivefold increase in pulmonary
vascular resistance (PVR).
Metabolic alterations also result from neuroendocrine
activation, initially aimed at meeting increased body demands. Metabolic alterations are characterized by hypermetabolism, hyperglycemia, and hypercatabolism. 19 Fig. 27-4
illustrates the myriad effects on metabolism. Importantly,
hyperglycemia may be initially present because of epinephrine secretion. However, hypoglycemia develops, as hepatic
glycogen stores are depleted (usually in less than 12 hours)
and gluconeogenesis fails. Hypoglycemia should be care-

Shock

fully scrutinized as a sign of adrenal insufficiency. Adrenal
insufficiency most commonly occurs in patients who have
purpura fulminans or those with a history of chronic steroid
use. In addition, any patient whose perfusion and blood
pressure is unresponsive to vigorous volume resuscitation
and vasoactive support should be evaluated for adrenal
insufficiency.2o

Anaerobic Metabolism
By definition, shock is congruent with hypoperfusion and
tissue ischemia. This results in local tissue acidosis caused
by decreased carbon dioxide clearance and anaerobic
metabolism. At a time when oxygen demands are greatest

Cortisol

Adrenal cortex

Effect on
carbohydrate
metabolism

Effect on
protein
metabolism

Effect on
fat
metabolism

iGluconeogenesis
by liver

i Mobilization
of protein
from all
body cells

i Mobilization
of fatty acids
from adipose
tissue

J. Protein
synthesis

i Plasma free
fallyacids

J. Glucose utilization
by cells
J.Glucose transport
into cells

i Oxidation of
fallyacids

Inhibition of insulin secretion
Inhibition of glucose uptake
by peripheral tissues
Amino acids released from muscle
Hydrolysis of fat

927

i Serum glucose
concentration

Fig. 27-4 Neuroendocrine effects on metabolism. As the body perceives stress or insult. neuroendocrine
compensatory mechanisms are triggered to provide more energy to meet the body's needs. ACTH.
Adrenocorticotropic hormone; CRH, corticotropin-releasing hormone. (From Kimbrell JD: Alterations in
metabolism. In Secor VH, ed: Multiple organ dy,function alldfai/ure. ed 2, St Louis, 1996. Mosby. p 149.)
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for tissue repair, effective oxygen delivery is insufficient.
Cellular processes therefore occur without oxygen (anaerobic metabolism), lactic acid accumulates, and metabolic
acidosis develops. Decreased oxygen consumption (V02 )
occurs secondary to reduced blood flow or maldistribution
of flow. Arterial pH and base deficit determination serve as
readily available markers of effective tissue perfusion and
oxygenation.
Lactate levels may help to determine the degree of tissue
perfusion. Lactate levels greater than 2 mmollL are generally considered to be indicative of shock 21 However, the use
of lactate levels is limited by the fact that it is a late marker
of tissue perfusion. Significant tissue ischemia is present by
the time lactate is elevated 2 In addition, because the liver
clears lactate, liver hypoperfusion or dysfunction may
markedly increase elevated lactate levels. Serial determinations of lactate have been used to assess the adequacy of
resuscitation interventions in shock.
Gastric intramucosal pH monitoring may also provide a
noninvasive method for the indirect measurement of tissue
oxygenation. 22 Gastrointestinal tonometry uses a standard
vented nasogastric tube combined with a silicone balloon
system permeable to CO 2 , When the saline-filled balloon is
placed in close proximity to the gastric mucosa, CO 2 gas
diffuses from the gastrointestinal mucosa into the balloon
tonometer. The CO2 measurement, used in conjunction with
the arterial blood bicarbonate, serves as an indirect estimate
of the intramucosal pH of the gut. Mucosal acidosis
correlates well with the onset of anaerobic metabolism in
response to sepsis or hypoxia 23 Casado-Flores and colleagues 24 report that low gastric pH «7.30) was associated
with an increased risk of mortality in PICU patients;
however, no relationship was found between gastric pH and
the development of MODS.

Fluid Shifts
Some category-specific hemodynamic changes and responses to shock also occur. Hypovolemic shock is characterized by low circulating blood volume and decreased
preload. Compensatory, generalized vasoconstriction takes
place, decreasing venous capacity and translocating venous
blood to the central circulation, thereby increasing preload.
A rise in blood pressure and cardiac output may follow.
The renin-angiotensin-aldosterone system (RAAS) and
antidiuretic hormone (ADH) also help restore intravascular
volume within minutes after hemorrhage or trauma. Renal
vasoconstriction and hypoperfusion activate the RAAS with
increased production and secretion of renin. Increased
plasma renin acti vity stimulates the release of angiotensin I.
Angiotensin I is converted to angiotensin II by the
angiotensin-converting enzyme (ACE) in the va~cular
epithelium of the lungs and in other tissues, including the
heart, adrenals, kidneys, and brain. Angiotensin II is a potent
vasoconstrictor that also stimulates the production of
aldosterone by the adrenal gland, increasing sodium and
water reabsorption in the renal tubules. Stimulated by an
increase in serum osmolality, vasopressin (ADH) secretion
from the posterior pituitary gland results in peripheral

vasoconstriction and increased reabsorption of water from
the renal tubules and collecting ducts. Stress precipitates the
release of adrenocorticotropic hormone (ACTH) from the
anterior pituitary, which then stimulates the adrenal glands
to release cortisol. Cortisol sensitizes arteriolar smooth
muscle to the effects of catecholamines.
In contrast to the low ventricular filling pressures seen
in patients with hypovolemic shock, the ventricular filling pressures in those with cardiogenic shock are high.
This is a consequence of both myocardial dysfunction and
loss of ventricular diastolic compliance and the additional
venous return brought about by the compensatory venous
constriction.

Mediator Release
A myriad of mediators is triggered in all shock states and
during their associated resuscitative interventions. The
release of mediators comes from not only the body's normal
protective host response but also endothelial damage and
ischemia or reperfusion injury. The endothelium, an active
metabolic organ, is subject to damage in shock, as well as by
other factors such as mechanical disruption, hypoxemia,
acidosis, and microorganisms?S When damaged, the endothelium is unable to perform its normal functions, that is,
anticoagulation and vasoregulation. Normally integral to
maintaining the fluidity of blood, damaged endothelium
displays procoagulant activity leading to thrombin formation and fibrin deposition. Vasoregulatory properties of the
endothelium, through nitric oxide production (among others), are also influenced. Damaged endothelium results in
widespread capillary permeability and massi ve fluid loss to
tissues and organs. The result of both endothelial malfunctions is further obstruction of blood flow and ischemia,
especially in the microvasculature.
Arachidonic acid, a normal constituent of all cell
membranes (except red blood cells), is released in a variety
of circumstances. Cytokines, catecholamines, neuroendocrine responses, tissue injury, hypoxia, or endotoxin can
liberate arachidonic acid from cell membranes 26 Arachidonic acid is metabolized through two major pathways: the
cyclooxygenase and lipoxygenase pathways. Metabolism of
arachidonic acid through the cyclooxygenase pathway
results in the formation of the cytokines thromboxane A2 ,
prostacyclin, and prostaglandins ~ and D2 . Thromboxane
produces pulmonary and systemic vasoconstriction and
enhances platelet aggregation. Prostacyclin decreases SVR
and PVR, increases vascular permeability, and inhibits
platelet aggregation. Prostaglandins decrease SVR, inhibit
platelet aggregation, increase vascular permeability, activate
production of cyclic adenosine monophosphate (cAMP),
and increase gastrointestinal smooth muscle contraction.
The metabolism of arachidonic acid through the Iipoxygenase pathway results in the formation of leukotrienes that
stimulate neutrophil and eosinophil chemotaxis and lysosomal release. The leukotrienes also increase SVR, produce
smooth muscle contraction, and increase vascular permeability. In total, arachidonic acid metabolism increases
capillary permeability, platelet dysfunction, maldistribution
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Fig.27-5 Toxic oxygen metabolite (TOM) formation in ischemia and reperfusion injury. TOMs produced
during reperfusion injury attract and activate white blood cells (WBCs), which can produce more TOMs
and other inflammatory mediators such as proteases. (From Huddleston VB, ed: Multiple organ failure;
a pathophysiological approach, Boston, 1991.)

of blood flow, and organ ischemia; causes pulmonary edema
and intrapulmonary shunting; and thus contributes significantly to MODS associated with shock. The kidney,
gastrointestinal tract, Ii ver, Iungs, and brain are at particular
risk. Dysfunction of any of these organs may preclude
successful treatment of shock.
Mediator release from ischemia or reperfusion injury
represents a shift in the traditional view that the pathophysiologic state of shock is a result of ischemic cellular damage.
New research reveals that tissue injury following shock is
not solely due to hypoxia but due to reperfusion and
subsequent inflammation. 27 Toxic oxygen metabolites and
neutrophils primarily mediate ischemia or reperfusion
injury. Tissue enzymes and substances undergo "transformations" during ischemia. When blood and oxygen in these
tissues are restored, molecular oxygen (02) reacts with these
"transformed" tissue enzymes and substances to produce
superoxide radicals 25 (Fig. 27-5). Reperfused tissues release
free radicals, lactic acid, potassium, and other substances
that are toxic to endothelium and the tissues and potentiate
the damage already experienced in the initial ischemic state.
Numerous mediators released are unique to septic shock.
The influential mediators of gram-negative septic shock
include endotoxin, tumor necrosis factor, and interleukin1.1 7 Endotoxin is one of the most powerful triggers of the
inflammatory immune response. A component of the gramnegative bacteria cell wall, this lipopolysaccharide is shed
when the bacteria multiplies or dies. Most prominent of

endotoxin's effects is the simultaneous stimulation of the
complement and coagulation cascades. UnremiUing activation of the complement cascade with associated histamine
activation contributes to common clinical findings of septic
shock. Continued activation of the complement cascade
results in increased capillary penneability, vasodilation, and
lysosome release. Histamine, derived from mast cells in
damaged tissues and from basophils in the blood, decreases
SVR, increases vascular permeability, and augments gastrointestinal motility.
Activation of the coagulation cascade occurs when both
the complement system and the inflammatory immune
response are triggered. The Hageman factor (factor XlI) has
a pivotal role in the interdependency between the coagulation cascade and the inflanmlatory immune response, as well
as other plasma enzyme cascades, such as kallikrein and
kinin. Activation of the coagulation and fibrinolytic systems
contributes to the high incidence of clotting abnormalities
and increases the incidence of vascular obstruction, tissue
ischemia, and organ dysfunction. The Hageman factor also
stimulates the production of bradykinin, a potent vasoactive
peptide found in plasma or tissue fluid. Bradykinin causes
venodilation, increased vascular permeability, bronchoconstriction, and constriction of gastrointestinal smooth muscle.
Tumor necrosis factor (TNF; cachectin), a cytokine
released from macrophages, leukocytes, and other immune
cells, is thought to be the major mediator of sepsis and
MODS. 5 .27 TNF enhances the inflammatory immune re-
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sponse, including fever, tachypnea, tachycardia, increased
vascular permeability, metabolic acidosis, and altered blood
distribution to organs, such as the gut and kidney.2 8 TNF
also stimulates the release of interleukin-l (IL-l), arachidonic acid metabolism, and the production of plateletactivating factor (pAF). In the presence ofTNF, complement
and clotting cascades are activated. 29 The net result is
sequestration of platelets, vasodilation, increased capillary
permeability, and microvascular constriction.
IL-I is a cytokine that is released by monocytes and
macrophages and works synergistically with TNF to perpetuate the inflammatory immune response and to release PAF.
The predominant effects of PAF produce vasodilation, activate platelet aggregation, and increase tissue permeability.
Patients in septic shock typically exhibit reduced left
ventricular ejection fraction and left ventricular diiation 30
In addition to adrenergic receptor dysfunction and impaired
myocardial intracellular calcium flux, myocardial dysfunction occurs secondary to the negative inotropic effects of
numerous chemical mediators, including myocardial depressant factors, endotoxin, TNF, complement products, and
leukotrienes. Myocardial depressant factors are hemodynamic inhibitory peptides released secondary to ischemia to
the splanchnic region. As in other organs, eventually
myocardial perfusion and oxygen consumption are disrupted in septic shock.

CLINICAL ASSESSMENT: RED FLAGS
OF CARDIOVASCULAR COLLAPSE
Shock is a dynamic process that requires vigilant assessment
and continuous patient monitoring and reevaluation. Clinicalor physical assessment findings reflect the consequences
of ineffective tissue perfusion. Early recognition of patients
both at risk and with the earliest indications of shock ensures
the best outcomes.
Unexplained and persistent tachycardia, that is, tachycardia not related to fever, anemia, pain, or agitation, is a
common but nonspecific finding in shock. Increased heart
rate is an attempt to compensate for inadequate stroke
volume. In addition, dysrhythmias, which impair cardiac
function, are not uncommon in pediatric patients with
electrolyte imbalance, metabolic acidosis, and hypoxemia.
All of these symptoms can occur in all shock states.
Unexplained persistent tachypnea, that is, tachypnea not
related to fever, anemia, pain, or agitation, is also a valuable
and early sign of shock. The evolving metabolic acidosis
associated with shock is compensated by an increase in
alveolar ventilation. Decreased CNS pH is a potent stimulus
to chemoreceptors located in the medulla to increase minute
ventilation. The rise in minute ventilation, through an
increase in respiratory rate, results in respiratory alkalosis in
the early stages of shock. When respiratory alkalosis is
present, the seriousness of a patient's condition may be
underestimated.

Low-Flow Shock
The red flags of low-flow shock are the signs of increased
SVR and decreased cardiac OUlPUt. To maintain blood

pressure in low-flow states, SVR increases, as blood
pressure (BP) is the product of cardiac output (CO) and SVR
(BP = CO x SVR). Because of a higher sympathetic tone
and an ability to maintain vasoconstriction for a long time,
children exhibit a remarkable ability to maintain blood
pressure in low-flow shock states. Peripheral vasoconstriction and an increase in SVR is an attempt to compensate for
the decrease in cardiac output. 31 Symptoms of increased
SVR can be assessed in three major organ systems: the skin,
kidneys, and brain.
Impairment of peripheral circulation is assessed by
examination of capillary refill, skin color and temperature,
and peripheral pulses. Normally, a child's extremities are
warm and pink with brisk capillary refill «2 seconds). The
child in low-flow shock, however, has poor peripheral
perfusion illustrated by the hallmark signs of low cardiac
output-delayed capillary refill (>2 seconds), cool extremities, and diminished peripheral pulses.3 2 To accurately
assess capillary refill from the arterial side of the circulation,
the extremity should be slightly elevated above heart level.
Although capillary refill is widely used, recent studies 33 ,34
have questioned its value.
Skin color changes may progress from pink, to pale, to
mottled, and then to a marbleized appearance. Pale skin may
be noted when the hemoglobin and hematocrit levels are
decreased. A core-to-skin temperature gradient greater than
2° C is considered significant. The temperature gradient
widens with progressive decreases in peripheral perfusion 35 Proximal-to-distal skin temperature gradients-that
is, changes in the position of the demarcation line between
warmth and coolness-can be trended as well.
In low-flow shock, peripheral pulses are difficult to
palpate. Weak pulses result from the narrow pulse pressure
characteristic of a diminished stroke volume and increased
SVR. The narrow pulse pressure occurs before systolic
pressures fall. Stroke volume and SVR determine systolic
blood pressure, whereas SVR reflects diastolic blood
pressure. When cardiac output falls, SVR increases to
maintain the blood pressure. The increased SVR increases
the diastolic component of the blood pressure and maintai ns
the systolic component. Because pulse pressure is a
sensitive indicator of stroke volume, it is an important
parameter to monitor.
Urine output, a reflection of kidney perfusion, is an
important assessment parameter in infants and children
experiencing shock. Particularly in hypovolemic patients,
urine output may decrease long before other signs of
ineffective tissue perfusion are evident. Renal blood flow is
dependent on cardiac output. Sudden decreases in renal
blood flow or pressure decrease the glomerular filtration rate
and result in decreased urine output and increased urine
specific gravity. Low urine output is defined as less than
0.5 to 1 mIIkg/hr in infants and children and less than 1 to
2 ml/kg/hr in newborns.
Signs and symptoms of inadequate cerebral perfusion are
often subtle in the early stages of shock. Level of consciousness is assessed developmentally. Infants frequently exhibit
a weak cry or poor suck. Infants normally do not tolerate
missed feedings or wet or soiled diapers, especially if they
have a diaper rash. Toddlers normally do not tolerate their
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parents' absence in a foreign environment for any period.
The child's sensorium may be clouded; response to stimuli
may be limited; and anxious, irritable, or lethargic behavior
may be present. As shock progresses, somnolence advances
to obtundation and is an ominous sign.
Unique to hypovolemic shock, physical signs may vary
between hypovolemic shock caused by dehydration, resulting in both intravascular and interstitial hypovolemia, and
hypovolemic shock caused by hemorrhage, resulting in
intravascular hypovolemia and interstitial euvolemia or
even hypervolemia] I Children with dehydration display
classic signs of interstitial hypovolemia. A sunken anterior
fontanelle, sunken eyes, dry mucous membranes, poor skin
turgor, decreased capillary refill, cool extremities, and
mental status changes are exhibited. The degree to which
these signs are evident depends on the degree of dehydration
(see Table 11-8).
The condition of a patient in cardiogenic low-flow shock
contrasts sharply to the patient with hypovolemic low-flow
shock in that intravascular volume is adequate or even
increased. In cardiogenic shock secondary to congestive
heart failure, the patient often appears "wet" and may have
a gallop rhythm. For example, diaphoresis, periorbital/sacral
or dependent edema, hepatomegaly, jugular venous distension, and rales with increased work of breathing are present.
In cardiogenic shock secondary to an outflow obstruction,
the patient may exhibit a low-voltage electrocardiogram
(ECG) and electromechanical dissociation (EMD). If cardiac tamponade is present, a significant pulsus paradox us,
greater than 10 mmHg, may be present.
Late signs and symptoms of low-flow shock include
progressive neurologic deterioration, hypotension, and bradycardia. The presence of even mild hypotension denotes
decompensated shock; therefore an observed fall of 10
mrnHg in systolic blood pressure should prompt aggressive
intervention. 12 The lower limit (5th percentile) of normal
systolic blood pressure can be estimated with the following
formula: 70 mmHg + (2 x age in years).12

Maldistributive Shock
The red flags of maldistributive shock are the signs of decreased SVR and increased cardiac output. To maintain
blood pressure in low SVR states, cardiac output must increase. Cardiac output is unevenly distributed, with some
tissues effectively and some tissues ineffectively perfused. Low SVR results in increased skin blood flow, resulting in septic shock patients having warm and dry skin.
Patients experiencing septic shock often appear flushed and
well perfused, with normal or brisk capillary refill despite
the ominous nature of their illness. They are often febrile
(>38° C) but may be hypothermic «36° C). Because neutrophil activation produces many of the early signs of infection and the inflammatory response, septic patients who
are neutropenic may not present symptoms in the typical
fashion.
In patients with high cardiac output, pulses are easily
palpated. Bounding pulses, a rare finding in a pediatric
physical examination, reflect a widened pulse pressure
occurring secondary to an increased stroke volume and
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decreased SYR. Urine output may initially be normal or
increased, despite a relative hypovolemia. Subtle changes in
mental status (e.g., confusion) may be present.
Late symptoms include those present in low-flow shock
states, as well as evidence of MODS. The patient manifests
signs and symptoms of low cardiac output. A narrowed
pulse pressure is present and correlates with reduced stroke
volume; progressive hypotension accompanies decreased
cardiac output. Clot and interstitial edema obstruct blood
flow through the periphery. Tissue acidosis causes arterioles
to dilate and venules to constrict, causing further pooling
and stasis of blood. Marked capillary leak and interstitial
and pulmonary edema are present. See Table 27-3 for phases
and clinical manifestations of septic shock.

Hemodynamic and Oxygenation Profiles
Table 27-4 provides a summary of the numerous hemodynamic and oxygenation profile changes associated with
low-flow and maldistributive shock states. Currently, a lack
of pediatric research is available to help guide collaborative
practice. Normal values are not necessarily optimal values
in shock. I?
Heart rate increases in all shock states. Mean arterial
pressure remains normal when compensatory mechanisms are effective but falls when compensatory mechanisms fail. Right atrial pressures (RAPs) and pulmonary
artery wedge pressures (PAWP) reflect right and left
ventricular preload, respectively. Both are decreased in
hypovolemic shock, because circulating blood volume is
inadequate. As ventricular function deteriorates in cardiogenic shock, RAP and PAWP increase. RAP and PAWP are
initially decreased in early septic shock as vasodilation leads
to venous pooling and decreased venous return. Both RAP
and PAWP increase in late septic shock, reflecting myocardial failure.
Pulmonary vascular resistance index (PYRI), reflecting
right ventricular afterload, is high in all shock states. In
septic shock, many factors, including pulmonary vasoconstriction, microembolic occlusion, and lung injury, necessitate the use of high positive end-expiratory pressure (PEEP).
All these factors increase PYRI and may contribute to right
ventricular dysfunction, placing the requisite hyperdynamic
state at risk. Systemic vascular resistance index (SVRI),
reflecting left ventricular afterload, increases to maintain
blood pressure in low-flow shock. SVRI remains low in
septic shock.
The cardiac index (CI) is decreased in low-flow states, is
high in early septic shock, but falls in late septic shock. Skin
temperature is directly proportional to cardiac output and
inversely proportional to SVRI. Even though cardiac output
is increased in septic shock, the left ventricular ejection
fraction (LYEF) is significantly decreased. The increased
cardiac output in septic shock is secondary to an increase in
heart rate and ventricular dilation, not an increase in
contractility. Overall myocardial performance is often
compromised by diffuse myocardial edema, circulating
myocardial depressant factor from splenic hypoperfusion,
adrenergic receptor dysfunction, and impaired sarcolemma
calcium flux. 5

TABLE

27-3

Phases and CliniCal Manifestations of Septic Shock
Sepsis

Hyperdynamic Septic Shock·

Hypodynamic Septic Shockt

Change in activity
Change in feeding
Change in response

Clouded sensorium
Irritability
Disorientation
Lethargy
Sinus tachycardia
Bounding pulses
Warnl, dry. flushed skin
Widened pulse pressure
± Diminished perfusion
± Mottled extremities
i J, Capillary refill
Generalized edema
Relative hypovolemia
Progressive hypotension
Tachypnea
Progressive hypoxemia
Fever or hypothermia
Hyperglycemia or hypoglycemia
Progressive metabolic acidosis
Leukocytosis/leukopenia
i Immature neutrophils (bands)
J, Urine output

Disorientation
Lethargy
Obtundation

Sinus tachycardia
Bounding pulses

Tachypnea
Fever or hypothermia
Respiratory alkalosis
Leukocytosislleukopenia
i Immature neutrophils (bands)

Sinus tachycardia
Weak. thready pulse
Dysrhythmias
Narrowed pulse pressure
Diminished perfusion
Mottled extremities J,
J, Capillary refill
Generalized edema
Hypotension
Pulmonary edema
Fever or hypothermia
Hyperglycemia or hypoglycemia
Severe metabolic acidosis
Leukocytosis/leukopenia

J, Urine output

. ala from Carcillo lA: Management of pediatric septic shock. [n Holbrook PR, ed: Textbook ofpediatric critical core, Philadelphia. 1993. WB Saunders,
[14-142; Robbins EV: Maldistribution of circulating blood volume. In Huddleston VB, ed: Maltisystem organ failllre: pathophysiolofiY and clinical
~·.plications, St Louis, 1992, Mosby, pp 85-108; Rosenthal-Dichter C: Septic shock. In Slota. MC. ed: Core curriculum for pediatric critical core nursing.
. l]'hiladelphia. 1998. WB Saunders. p 638.
~.',Hyperdynamic septic shock is characterized by increased cardiovascular findings and seemingly 'good' perfusion, the body's demands are still not
,'I<!equately met
~~Hypodynarnic septic shock may be accompanied by signs and symptoms of deteriorating organ dysfunction(s).
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27-4

Hemodynamic and Oxygenation Profile Changes in Shock
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Fig. 27-6 Abnormal V02 in sepsis. Sepsis may result in a hyperutilization slate (B) with increased V02 and inlact oxygen extraction ratio (OER) or in (e) a pathologic supply-dependence state
in which OER is nonexistent. *Critical 00 2 range; A, normal
Vo/Do 2 curve; B, elevated critical 00 2 range; C. supplydependent Vo2 . (Adapted from Carcillo JA: Management of pediatric septic shock. In Holbrook PR, ed: Textbook of pediatric critical care, Philadelphia, 1993, WB Saunders, p 130.)

Considering that shock represents an imbalance of
oxygen supply and demand, oxygenation profile monitoring
provides data necessary for informed individualized titration
of therapy. Oxygen delivery (D02) and oxygen extraction
ratio (OER) balance to maintain tissue oxygen consumption
(V02) over a very wide range (Fig. 27-6). When D0 2
decreases in low-flow states, OER increases to maintain
VOz' This continues until a critical D0 2 range is reached,
after which VOz depends on D02. This is referred to as
supply-dependent V0 2. Patients in septic shock require
higher D0 2 to maintain adequate tissue perfusion and to
avoid anaerobic metabolism'" Associated with poor outcome, a pathologic supply-dependent V02 may exist in
patients with septic shock. In this state, V0 2 is abnormally
supply dependent at normal or supernormal Do z rates. 36
Late in septic shock, there may be an uncoupling of the Do zV02 relationship.
Supply-independent V0 2 occurs secondary to an
endotoxin-induced impairment of oxidative metabolism, a
redistribution of blood flow away from the microcirculation,
and a severe impairment of mitochondrial oxygen use.
Although controversial, there may be no benefit to
increasing D0 2 beyond the point of V0 2 plateau. IS
Continuous mixed venous oxygen saturation monitoring
(Sv02) provides valuable on-line information about tissue
perfusion. In low-flow shock, the Sv0 2 is low, reflecting
decreased cardiac output and an increased OER. In septic
shock, the Svo z reflects the adequacy of the cardiac output
to maintain the hyperdynamic state and tissue extraction of
oxygen.
Like Sv02, the arteriovenous difference in oxygen
(a-v00 2) gradient is inversely related to cardiac output. The
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a-v002 gradient increases in low-flow states because tissues
extract more oxygen. In late septic shock, decreased D0 2
and a narrow a-vD0 2 are ominous signs.
Pollack, Fields, and Ruttimann l6 identified several pediatric predictors of outcome from septic shock. Survivors of
septic shock were able to maintain a normal or hyperdynamic state, that is, increased CI (3.3 to 6 LlminfM z), higher
V02 (>200 ml/minIM 2 ), and higher OER (>28%), and did
not experience significant pulmonary disease. On the other
hand, non survivors demonstrated low CI «3.3 L/minfM 2 )
and low and poor O 2 use «Vo z, <a-vD02, and lower OER),
had lower temperatures «37° C), and experienced pulmonary disease. In adult survivors of septic shock, the
characteristic hyperdynamic state (increased heart rate and
cardiac output with decreased SVR) begins to resolve within
24 hours. Nonsurvivors develop unresponsive hypotension
and progressive MODS?7 Pediatric patients who are fluid
resuscitated, unlike their adult counterparts, more commonly experience low cardiac output (vs. low SVR).16-18 In
addition, oxygen delivery (vs. oxygen extraction) appears to
be the major determinant of oxygen consumption. 38 Implications for management of septic shock include supporting
factors associated with positive outcomes and eliminating
factors associated with negative outcomes.
Interpreting and predicting hemodynamic and oxygenation profile changes in any shock state are done cautiously.
Changes may be due to the disease process, interventional
strategy (e.g., inadequate fluid resuscitation, catecholamine
selection), or the impact of the two on system maturation.
Patients may exhibit one hemodynamic picture and may
progress to another. For instance, children with persistent
shock often progress to worsening cardiac failure but may
resolve their shock state, requiring an alteration in hemodynamic support. IS More clinical research is definitely
needed in this area.

COLLABORATIVE MANAGEMENT
Patient management requires an appreciation of the overall treatment perspective38a.39; that is, essential treatment
includes both definitive treatment and supportive treatment. Definitive treatment is directed toward resolution of
the primary problem, whereas supportive treatment is
directed toward achieving an optimal physiologic, oxygenation, and hemodynamic state. Optimal states may not
reflect "normal" values but values that meet the dynamic
individual needs of the patient. The primary focus of
therapy is on improving tissue perfusion and oxygenation. Objective criteria may include supporting supplyindependent V02 and a normal OER while preventing
metabolic acidosis.
An integral component of the management of patients
experiencing shock is monitoring. Continuous patient assessment and noninvasive and invasive monitoring are
essential to adequately manage patients in shock. Changes
in the patient's physiologic status occur rapidly, and
mechanisms to quickly evaluate the effectiveness of therapy
are invaluable. Vigilant and repeated assessments of the
same clinical parameters facilitate trending and allow
optimal titration of therapies. Titration of pharmacologic
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agents to collaboratively detennined clinical and hemodynamic end points is necessary.
Alterations in tissue perfusion may affect the accuracy of
several of the standard noninvasive monitoring modalities
available in the PICD, that is, end-tidal COz (ETco 2 ) and
pulse oximetry monitors. For example, the ETco 2 reading
may not correlate with the Paco 2 ; however, ETco z reflects
pulmonary capillary blood flow. Alterations in pulmonary
perfusion associated with shock and the effectiveness of
therapy can be evaluated by assessment and trending of the
ETco z-Paco2 gradient. Pulse oximetry depends on a reliable
pulse, which may not be present in low-flow shock states.
To provide and titrate optimal therapy in maldistributi ve
shock states, hemodynamic and oxygenation variables
require quantification. The RAP nonnally quantifies right
ventricular preload, the equivalent of circulating blood
volume. Because ventricular compliance affects atrial pressure, an abnonnal relationship between ventricular preload
and work is seen. Pulmonary artery (PA) catheters are
necessary to evaluate left ventricular filling pressures and
cardiac output and provide a route to obtain true mixed
venous blood samples or provide continuous Svo z monitoring. Strategies to enhance successful PA catheter insertion
during low cardiac output states include stiffening the 5 Fr
PA catheter with iced saline through the PA port and
planning PA catheter insertion after a fluid bolus.
Sequential echocardiograms are also helpful in monitoring cardiac function. Echocardiography quantifies ventricular ejection fraction (nonnal 65%), quantifies the disparity
between right and left ventricular function, and detennines
whether pericardial effusions are present.

Supportive Treatment
When prioritizing the care of the critically ill patient in
shock, the ABCs of resuscitation are the supportive component of essential treatment. Immediate therapy includes
assessing for and establishing a patent airway, maintaining
oxygenation and ventilation, and improving perfusion while
the underlying cause of shock is detennined. Although
children usually have an adequate airway, as many as 80%
of children with septic shock may eventually require
mechanical ventiiation 40 Once elective endotracheal intubation and assisted ventilation are initiated, additional
interventions can be directed at circulatory support.
Establishing and maintaining vascular access is a priority
in treating shock. If venous access is not present, a protocol
for the establishment of venous access is recommended. 12
The preferred location of vascular access is the largest vein
that may be rapidly accessed without interrupting emergent
management. Although multilumen central lines are preferred because they allow simultaneous monitoring of
central venous pressure and a direct access to the central
circulation while minimizing the risk of tissue extravasation
with administration of vasoactive and caustic medications,
peripheral access can be initially used if already in place.
Previous adult and animal research has suggested a benefit of supradiaphragmatic access versus infradiaphragmatic
access. 41 The limited research involving young animals has

not shown the preference for supradiaphragmatic locations.
In fact, Gaddis and colleagues 42 report that a fluid bolus of
at least 5 ml effectively increases the delivery of peripherally injected medications into the central circulation. Besides intravenous routes of drug administration, the intraosseous (10) route is effecti ve for rapid fluid and drug delivery
and should be considered for children younger than 6 years
of age.

Definitive Treatment
Identification and treatment ofthe patient's primary problem
are of critical importance. These interventions constitute the
definitive component of essential treatment. For example,
controlling hemorrhage, cardioverting the tachydysrhythmia, or providing appropriate broad-spectrum antibiotic
coverage as soon as possible if sepsis is suspected or
documented is considered definitive treatment. Other definitive interventions in sepsis include locating, excising,
draining, and removing the focus of the infection, that is,
draining an abscess or replacing the central line.

Enhance Substrate Delivery
The therapeutic goal in any shock state is to enhance
substrate delivery (D0 2 ) to the tissues. This is of heightened
importance given that research shows that oxygen delivery,
rather than oxygen extraction, is the major detenninant of
oxygen consumption is pediatric patients. 38 This goal is
accomplished by maximizing cardiovascular perfonnance
and optimizing arterial oxygen content (Ca02 ). The major
emphasis is to improve tissue perfusion.
Maximize Cardiovascular Performance
Optimize Preload. Rapid intravascular volume expansion is guided by clinical parameters (noting end-organ
perfusion, including urine output) and hemodynamic parameters (most prominently central venous pressure [CVP]
monitoring). Early and aggressive correction of intravascular volume deficit is necessary to increase cardiac output and
to reestablish microcirculatory flow. Maintenance of the
hyperdynamic septic state and improvement of oxygen
consumption are critically dependent on vigorous fluid
administration. 40 Improvement in perfusion pressure and
oxygen delivery and consumption indicates successful fluid
resuscitation.
Fluid selection for optimizing preload is detennined by
the source of the fluid loss and the child's clinical condition.
As a general rule, isotonic crystalloids or colloids are
initially administered. Table 27-5 reviews the different
recommendations for fluid selection based on the cause of
the loss of fluid.
A long-standing controversy exists regarding the most
suitable fluid for shock resuscitation---crystalloids versus
colloids. Both have inherent advantages and disadvantages.
Crystalloid solutions (0.9% sodium chloride or lactated
Ringer's solution) are readily available and cost effective,
but approximately only one fourth of the volume infused
remains in the intravascular space. This necessitates the

Chapter 27

TABLE 27·5

Shock

935

Recommended Therapies for Hypovolemic Shock by Etiology
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20 mVkg of 0.9% sodium chloride bolus.
Reassess for continuing signs of end-organ hypoperfusion (increased heart rate, decreased capillary refill,
depressed mental status, decreased urine output).
Repeat 20 ml/kg boluses until signs of shock abate.
If signs of end-organ hypoperfusion: follow recommendations as for dehydration.
If no signs of end-organ hypoperfusion: 20 mVkg of 0.9% sodium chloride nver 2 hours, followed by
more specific electrolyte-containing fluid.
If signs of end-organ hypoperfusion: follow recommendations as for dehydration.
If no signs of end-organ hypoperfusion: Parkland formula (begin with D5LR): total fluids (first 24
hours) = maintenance + (4 mVkg x %BSA bum) + other losses.
Administer '/2 of the fluids in the first 8 hours and the rest in the next 16 hours.
Reassess every 6-8 hours.
40-60 ml/kg of 0.9% sodium chloride bolus.
Reassess for continuing signs of end-organ hypoperfusion (increased heart rate, decreased capillary refill,
depressed mental status, decreased urine output).
May require 80-100 mVkg of fluid to stabilize.
20 mVkg of whole blood or components bolus.
Reassess for signs of anemia or continued bleeding and monitor hematocrit.

In"

l!J!!from Thomas NJ, Carcillo JA: Hypovolemic shock in pediatric patients, New Horiz 6: 126, 1998.
~~. cases of fluid-refractory shock:

~_May have ongoing fluid losses (sIool loss, urine output) greater than resuscitation fluids administered.

I!;.,May require addition of inotropic support.
L~May

require exogenous steroid therapy if history of chronic steroid use or purpura fulminans.
!(;~ay have unrecognized ongoing blood loss.
~SA, Body surface area; D5LR. 5% dextrose lactaled Ringer's solution.

administration of large quantities of crystalloid solution to
restore intravascular volume (potentially 4 to 5 times the
deficit). Note that the use of lactated solutions in patients
with impaired liver function is not recommended because it
increases blood lactate concentrations and renal loss of
sodium and potassium. 13
Colloids (albumin; synthetic plasma substitutes, such as
hetastarch and dextran; whole blood; packed cells; and fresh
frozen plasma [FFP]) contain relatively large molecules that
are impermeable to capillary membranes and therefore are
more likely to remain in the intravascular space. However,
these solutions are more expensive and may cause sensitivity reactions. Colloids are important for maintaining plasma
osmotic pressure and minimizing interstitial edema. In
treating shock, the ideal solution would expand the intravascular space but limit interstitial accumulation. Prevention of interstitial pulmonary edema is critically important to
prevent alterations in gas exchange.
With that being said, Schierhout and Roberts43 recently
conducted a meta-analysis of randomized clinical trials of
volume replacement with colloids compared with crystalloids in critically ill adults. Twenty-six studies (1622
patients) were included. Resuscitation with colloid solutions
was associated with a 4% increase in the absolute risk of
mortality (4 extra deaths for every 100 patients resuscitated). Because colloids are considerable more expensive
and are associated with a higher mortality in adults, their
continued use for volume replacement is not supported.
Blood is administered as soon as possible to replace

whole blood loss or to correct anemia. However, careful
attention to large-volume and rapid administration of blood
products is imperative because the patient is at risk for
hypothermia and poor metabolism of citrate, potentially
leading to ionized hypocalcemia, Both of these factors may
result in significant myocardial dysfunction. Autotransfusion devices, for example, cell-saving devices, scavenge
then return blood lost during spinal fusion and intrathoracic
surgical cases (when no enteric contamination has occurred). Albumin is commonly used if the hematocrit is
adequate. FFP and platelets are administered if clotting
abnormalities or thrombocytopenia exists. Synthetic plasma
substitutes (dextran and hetastarch) are relatively inexpensi ve but cause diminished platelet function.
Equally important as the type of fluid is the amount of
fluid administered. The most common error made in fluid
resuscitation is the inadequate or delayed volume administration. 31 The amount and rate of infusion depend on the
child's condition; 20 ml/kg of an isotonic crystalloid infused
over several minutes is a reasonable starting point. Repeated
boluses of the same amount are infused if no improvement
is seen in the child's clinical and hemodynamic parameters,
for example, improved perfusion, increased urine output,
decreased acidosis, and increased mean arterial pressure.
Fluids should be given with the goal of attaining normal
perfusion and blood pressure, recognizing that the average
fluid requirement in the first hour for septic shock patient is
60 mllkg but may be as high as 200 mllkg. 15 Carcillo, Davis,
and Zaritsky40 reported that aggressive fluid administration
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in excess of 40 ml/kg in the first hour after presentation to
the emergency department is associated with improved
survival, decreased occurrence of persistent hypovolemia,
and no increase in the risk of cardiogenic pulmonary edema
or ARDS in pediatric patients in septic shock. The researchers did not control for type of fluid used, crystalloids were
used preferentially, and colloids were used if the blood
pressure was unresponsive to crystalloids. Blood products
were also used if coagulation was a problem.
If patients with nonhemorrhagic hypovolemic shock fail
to respond to the initial 60 ml/kg of crystalloid fluid, they
are said to have fluid refractory shock. This subset of
patients may require a combination of large amounts of fluid
resuscitation, as well as catecholamine sUpport. 31 In addition, other possible complicating factors inel ude pneumothorax, pericardial effusion, ongoing intraabdominal fluid
loss (e.g., from volvulus, intussusception), gastrointestinal
ischemia, brainstem dysfunction, adrenocortical insufficiency, and pulmonary hypertensive crisis.
When managing children with cardiogenic or septic
shock, efforts to improve cardiac output and tissue perfusion
by volume augmentation are carefully monitored. The
volume of fluid that can be safely administered is contingent
on ventricular compliance. Monitoring of ventricular enddiastolic pressure (i.e., CVP or PAWP) permits early
detection of cardiac decompensation and provides an
important guide for fluid replacement. The vascular congestion associated with cardiogenic shock may be improved by
concurrent administration of albumin with diuretics (furosemide [LasixJ).
Perkin and Levin43a described a helpful method of
evaluating the effectiveness of volume replacement. Fluid is
administered until the patient's hemodynamic status is
corrected or the CVP exceeds the preinfusion value by
2 mrnHg or the PCWP within 3 mmHg. A CVP greater than
7 to 10 mmHg indicates myocardial dysfunction, excessive
right ventricular afterload, or volume overload. The authors
note that the absolute limitation to fluid administration is
persistent increase in ventricular filling pressure without
improvement in cardiac output.
Research indicates that outcome may be influenced when
aggressive fluid resuscitation (60 ml/kg in the first hour) is
coupled with goal-directed therapies. Ceneviva and colleagues44 examined 50 children with flUid-refractory (60
mllkg in the first hour) dopamine-resistant shock. After fluid
resuscitation, inotropes, vasopressors, and vasodilators were
administered to target and maintain normal CI and SVR. An
18% mortality was reported as compared with other studies
with a reported 58% mortality that used goal-directed
therapies without aggressive fluid resuscitation. 17
Emergency autotransfusion to maintain an adequate
perfusion pressure is enhanced by elevating the patient's
limbs or by gentle compression on the liver. The Trendelenburg position is used cautiously, especially when cerebral
perfusion pressures are questionable.
Optimize Contractility. Before, or concurrent with,
the administration of positive inotropic medications, negative inotropic states-for example, hypoxia, acidosis, hypoglycemia, hypokalemia, and hypocalcemia-must be rectified (Fig. 27-7). Acidosis depresses myocardial function and
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Fig. 27-7 Starling's law. Stroke volume and cardiac output are
increased in the hypovolemic, acidotic child (point A) by
increasing preload through volume infusion (point B), by restoring
ventricular function curve to a more normal one (point C), and by
correcting acidosis and metabolic abnonnalities. Myocardial function curve (and cardiac output) can potentially be shifted to a
supranormal value (point 0) with infusion of a positive inotropic
agent. (Modified from Crone RK: Acute circulatory failure in
children. Pediatr Clin North Am 27:525-537. 1980.)

renders sympathomimetic drugs ineffective. Poor outcomes
have been associated with a base deficit greater than 10
mEqlL in patients with cardiogenic or septic shock. Base
deficits greater than a negative 6 require correction. The
primary correction for metabolic acidosis secondary to
cardiovascular collapse is restoration of tissue perfusion.
With adequate tissue perfusion and oxygenation, metabolic
acidosis will self-correct. When the arterial pH is less than
7.20 and adequate ventilation has been established (i.e.,
Pac02 in the normal range for the patient), correction with
NaHC0 3 is indicated. The dose is calculated from the base
deficit (mEq NaHC0 3 = 0.3 [weight in kg] x base deficit).
The calculated dose usually approximates I to 2 mEq/kg. If
the serum sodium is greater than 150, tris-hydroxymethylamino-methane (THAM), a non-C0 2 -generating buffer, can
be used with cautious evaluation of hypoglycemia and
hyperkalemia.
Electrolyte shifts will occur when correcting metabolic
acidosis. As the pH increases, ionized calcium levels fall,
and potassium shifts into the intracellular space, decreasing
the serum potassium level. Calcium replacement may be
necessary to correct hypocalcemia (ionized calcium level
less than 1.3 mg/dl), occurring frequently in circulatory
failure, especially after administration of large amounts of
albumin, whole blood, or FFP.
After vigorous fluid resuscitation, pharmacologic therapy
is then used to enhance cardiovascular performance (Table
27-6). Sympathomimetics stimulate a-, ~-, and dopaminergic receptors throughout the body, causing a variety of
effects. There is appreciable interpatient variability in dose
and pharmacodynamic effect with most catecholamines.
Also, stress may deplete endogenous catecholamine stores
and down-regulate a-adrenergic receptor sites. 45 Individual
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27·6 Pharmacologic Therapy Used in Shock

lDrug

ltc.

i!;iD0pamine
flO

,~l~il"

~f!(
liii,."

lIiJi'illiNorepinephrine
..

Site of Action
Dopami nergic
Dopaminergic and

/3,

Dose (1l9/kg/min)

Primary Effect·

Secondary Effect

2-5
2-10

Increase renal perfusion
Inotropy
Chronotropy
Increase renal perfusion
Vasoconstriction

Dysrhythmias

a

10-20

a>p

2-10

Vasoconstriction
Inotropy

>MV0 2
Dysrhythmias
<Renal BF

0.05-1.5

Vasoconstriction
Inotropy
Chronotropy

>MV0 2
Dysrhythmias
<Renal BF

Ibii

i:F
!!TEpinephrine
i~~
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I!!:.
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~~butamine

13,

5-20

Inotropy

l
;i~odium
~

Tachycardia
Dysrhythmias
Vasodilation
Hypotension

NA

0.5-10 (light-sensitive)

Vasodilation (balanced)

<PVR
>V/Q mismatch
Cyanide toxicity

.,,,Nitroglycerin

NA

0.2-20

Vasodilation (venous)

<PVR
>ICP

NA

5-10 llglkg/min (load with up
to 3 mg/kg over 20 min)

Inotropy
Vasodilation

Dysrhythmias
<PVR
Thrombocytopenia

NA

0.75 to 1.0 llg/kg/min (load
with 75 llg/kg over 20 min)

Inotropy
Vasodilation
Improves diastolic function

Dysrhythmias
<PVR

il.:.:.
'1.-:

r':

!if,,'

. ¥"'.•.•. •. . nitroprusside

il~.;
ifc'

~

~~l'

Ii:

~none
k~:
~.

!1i;"

1~lrinone
Pf1;; ..
:>::':,J~:

,.

':~Difficult to predict the dose-response effect. Management requires individual titration at the bedside.

~.:~V02' Myocardial oxygen consumption; BF, blood flow; PVR, pulmonary vascular resistance; V/Q, ventilation/perfusion; Ie?, intracranial pressure.

dose and drug titration are performed at the bedside and
based on both desired and observed clinical and hemodynamic outcomes. Frequently, more than one catecholamine
is administered at a time; finding the best combination and
dosage requires continuous assessment of clinical and
invasive hemodynamic parameters.
The rapid onset, controllable dosage, and ultra-short
half-life of catecholamines make them effective for treating
shock, especially in patients thought to have a vascular
component to hypotension. Dopamine, epinephrine, and
norepinephrine are the most often used exogenous catecholamines or vasopressors. Alternatively, patients with myocardial depression in the face of hypotension may benefit
from a ~,-inotrope, such as dobutamine. See Fig. 27-8 for an
example of the medical management for hemodynamic
support of the pediatric patient experiencing septic shock. 15
Dopamine is an endogenous catecholamine whose effects
depend on the patient's own endogenous catecholamine response (related to maturation) and releasable norepinephrine
stores (related to stress levels). Dopamine activates the dopaminergic and adrenergic receptors in a dose-dependent
manner. Dopamine's major advantage is that at low doses
(I to S I-!g/kg/min) it produces splanchnic and renal vasodilation and a decrease in SVR. The dopaminergic effect on

renal blood flow results in increased urine output. Dopamine
stimulates ~,-adrenergic receptors at moderate doses (S to
10 !1g/kg/min), resulting in a moderate positive inotropic
effect in patients with normal myocardial function. At
high doses (> 10 I-!g/kg/min), dopamine is primarily an
a-adrenergic agonist that causes tachycardia, renal vasoconstriction, and increased SVR. The resulting increased afterload may decrease cardiac output. When dopamine infusions greater than 20 !1g/kg/min are required to maintain
blood pressure, an epinephrine drip is preferable. 12 Dopamine is often used either in patients requiring no greater than
10 I-!g/kg/min or at low doses for its selective effect on renal
and splanchnic perfusion in patients who require other inotropes. Dopamine depresses prolactin and thyroid hormone
release, although the effect on thyroid function over prolonged infusion of dopamine is uncertain. Importantly, differential diagnoses of sick euthyroid syndrome and
dopamine-induced hypothyroidism should be considered in
chronically critically ill children 46 ,47
Epinephrine, also an endogenous catecholamine, mimics
SNS stimulation by providing a perfect balance of both a
and ~ stimulation. Epinephrine increases myocardial and
cerebral perfusion pressures. Its most pronounced action is
on the ~-receptors of the heart, vascular, and other smooth
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Fluid Resuscitation
(20 ml/kg) Trtrated to Clinical Indicators of Cardiac Output
May Require 40-60 ml/kg

~

/

Not Responsive to Fluid Therapy
("Fluid-refractory Shock")

Respond to Fluid Therapy

t

Consider Invasive Hemodynamic Monitoring
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Inotrope Support

High CO/Low SVR
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/'"

Dobutamine

Dopamine

~
Dopamine-resistant

~
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Low CO/High SVR

Mid-dose Dopamine

Nitrosovasodilators
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~
Inodilators

Shock

/

Epinephrine

~

Norepinephrine

Fig. 27·8 Proposed management of septic shock (American College of Critical Care Medicine Clinical
Practice Parameters). CO. Cardiac output; SVR, systemic vascular resistance.

muscle. Epinephrine may be particularly helpful in infants
and children because of its direct action on adrenergic receptors rather than through a release of stored norepinephrine
(depleted norepinephrine stores have been noted in the pediatric population). Epinephrine is effective in shock states in
which SVR is significantly low (septic shock and anaphylaxis). Hypotensive septic patients may not respond to 0.
agents in a normal manner, so higher doses (I to 1.5 Ilg/kg/
min) may be needed. 12 Renal blood flow will improve if
perfusion pressure improves. Because catecholamines increase myocardial oxygen consumption. signs of myocardial hypoxia or ischemia, such as ST segment and T wave
changes on the ECG, may occur during administration.
Norepinephrine (Levophed) has been repopularized,
especially in the treatment of septic shock. Also an
endogenous catecholamine, norepinephrine's potent vasoconstrictor effects overshadow its positive inotropic effects.
Starting dosage is 0.05 to O.lllg/kg/min. ~ Effects predominate at the lower dosage, whereas 0. effects predominate at
the higher dosage. Norepinephrine has been reported to
reverse hypotension in patients with septic shock who have
not responded to dopamine or combination dopaminedobutamine. It is thought to be particularly helpful in
patients with low SVR and high cardiac output shock states
(hyperdynamic septic shock).15
Dobutamine, a synthetic catecholamine, is a ~I-stimulant
that increases cardiac contractility but causes only a slight
increase in heart rate. Because the 0.- and ~2-adrenergic
receptors are not stimulated by dobutamine, SVR is usually
decreased, and only minimal vasoconstriction is occasionally observed. Effects do not depend on releasable norepinephrine stores. Dobutamine is very effective as a selective
inotropic agent in the normotensive patient with poor
perfusion secondary to diminished cardiac performance.

The starting dose is 5 to 10 Ilg/kg/min; if greater than 20
Ilg/kg/min is required to maintain blood pressure, epinephrine should be considered. Dobutamine is nOl as effective as
dopamine in infants younger than I year of age and in
patients with septic shock. 12 In cardiogenic shock, dobutamine will increase cardiac output, while decreasing CVP,
PAWP, PVR, and SVR. 46 In a volume-depleted or hypotensive patient, dobutamine may cause systemic and pulmonary
vasodilation and increased right-to-Ieft intrapulmonary
shunting and thus decrease cardiac output and oxygen
delivery despite improved contractility.46
Optimize After/oad. In low-flow states, blood pressure is usually supported by an increase in SVR. However,
in cardiogenic low-flow shock, the increased SVR may
further compromise myocardial function and further limit
cardiac output (Fig. 27-9). When heart failure coexists with
increased resistance to ventricular outflow (as evidenced by
increased SVRI or PVRI), the use of vasodilators, often in
combination with a positive inotropic agent, is indicated.
Factors that increase afterload-for example, hypothermia,
acidosis, hypoxia, pain, and anxiety-should be managed
before considering vasodilator therapy. By reducing the
resistance to left ventricular outflow, arterial vasodilators
increase the cardiac ejection fraction and increase stroke
volume. In contrast, venous vasodilators shift blood into the
periphery and reduce right and left ventricular end-diastolic
volume. Decreased end-diastolic volume reduces myocardial wall stress and improves myocardial perfusion. Most
vasodilators are classified as "balanced" and exert both
arterial and venous effects. Nitrosovasodilators (nitroprusside and nitroglycerine) are recommended as first-line
vasodilators. Inovasodilators, those agents with both inotrope and vasoactive properties, such as amrinone and
milrinone, are reserved for patients with vasodilator-
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Fig.27-9 "Afterload mismatch" present in low-flow cardiogenic
shock. CO, Cardiac output; SVR, systemic vascular resistance.

resistant low cardiac output or with cyanide or methemoglobin toxicity. 15 Regardless of the vasodilator chosen, note
that hypotension will result if administered to a hypovolemic patient. Fluids should be readily available at the
bedside.
Sodium nitroprusside is a direct-acting vasodilator that
relaxes both arteriolar and venous smooth muscle. The
subsequent fall in afterload and preload improves cardiac
output only when the reduction of outflow resistance
predominates over the effects of the reduced venous return.
The dose range for nitroprusside is 0.5 to 8 Ilg/kg/min.
Manifestations of toxicity (headache, nausea, palpitations,
hyperventilation, metabolic acidosis, and unexplained elevation of venous oxygen tension) have occurred at relatively
low doses, leading some to suggest a maximum infusion rate
of 4 to 8 Ilg/kg/min for adults and less for infants and young
children. Some precautions are necessary when the drug is
administered: monitor serum levels of thiocyanate and
cyanide and the toxic metabolites of nitroprusside; protect
the 5% dextrose infusion containing the drug from light.
Nitroglycerine also relaxes both arteriolar and venous
smooth muscle and is helpful in cardiogenic shock by
reducing left ventricular filling pressures and SVR. Compared with nitroprusside, nitroglycerine produces a smaller
reduction in preload and afterload and a smaller increase in
cardiac output. Intravenous administration is initiated at 0.1
Ilg/kg/min and gradually increased to achieve hemodynamic and clinical effect, usually up to 10 Ilg/kg/min.
Nitroglycerine is administered in specialized tubing (polypropylene or polyethylene) as it is adsorbed in polyvinyl
chloride tubing, especially in new tubing sets or at slow
infusion rates.
The inodilators, amrinone and milrinone, are nonglycoside, nonadrenergic, phosphodiesterase inhibitors that produce positive inotropic and vasodilator effects. An initial
bolus of arnrinone 0.75 to 3 mg/kg is required, followed by
a continuous infusion of 5 to 10 Ilg/kg/min. In this dose
range, amrinone reduces afterload and preload by its direct
effect on vascular smooth muscle. In children with de-
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pressed myocardial function, amrinone produces a prompt
increase in cardiac output. Because amrinone is a nonsympathomimetic inotropic agent, it may be of particular value
in patients with clinical problems that down-regulate
adrenergic receptor sites, such as septic shock. A close
analog of amrinone, milrinone has a greater positive
inotropic potency with the bone marrow suppressive effects
of amrinone. Recommended initial loading dose is 75 Ilg/kg
with initial infusion rates of 0.75 to I Ilg/kg/min. Lindsay
and colleagues 48 recommend that for every increase of 0.25
Ilg/kg/min, a 25-llg/kg bolus be administered. Because the
median half-life is 1.47 hours, immediate hemodynamic
effects may not be seen unless appropriate loading doses and
infusion adjustments are made. Both inodilators have long
half-life elimination compared with nitrosovasodilators.
Optimize Heart Rate and Rhythm. Changes in
heart rate directly affect cardiac output. However, increasing
the heart rate to optimize cardiac output is usually not an
option among pediatric patients. When tissue perfusion is
inadequate, heart rate is usually at or near peak capacity.
Excessively rapid heart rates associated with fever, volume
depletion, and endogenous catecholamine release secondary
to the stress response may limit ventricular diastolic filling
and compromise stroke volume and cardiac output. Aggressive management of dysrhythmias that occur secondary to
electrolyte imbalance and metabolic acidosis is warranted.

Maximize Substrate Transport
Arterial Oxygen Content. Although much clinical
attention is appropriately focused on optimizing cardiovascular performance in patients with shock, an equal amount
of attention must also be placed on the oxygen content of
blood perfusing the cardiovascular bed. Oxygen content is
optimized by maintaining adequate hemoglobin levels
(National Institutes of Health [NIH] guidelines recommend
greater than 10 g/dl), that is, a hematocrit that optimizes
D0 2 . Blood administration is required to correct both whole
blood loss and severe anemia.
Lucking and colleagues,49 studying children in hyperdynamic septic shock after volume loading and pharmacologic
support, found that despite an initial low OER, V02 could be
increased by augmenting D02 through packed red blood cell
(RBC) transfusion. The researchers noted that because V02
correlates with survival, consideration should be given to
enhancing V02 despite an initial low OER and high D0 2 •
Mink and Pollack 5o reported a similar study but found that
although D0 2 significantly increased after a similar RBC
transfusion, V0 2 did not change.
Not only are adequate levels of hemoglobin important,
but also hemoglobin saturation with oxygen is ensured by
providing adequate oxygenation and ventilation. Extreme
shifts in the oxyhemoglobin dissociation curve are avoided
by maintaining normal pH and body temperature.

Minimize Energy Expenditure
In addition to enhancing substrate deli very to the tissues, an
adjunctive strategy is to limit the patient's metabolic
demands. Early identification of clinical states that increase
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demand and initiation of interventions to decrease physiologic work benefit patients with little or no metabolic
reserve. Interventions include providing adequate support of
ventilation to decrease the work of breathing, early identification of both heat and cold stress (for each degree Celsius,
the metabolic demands change 13%), prevention of shivering, and providing periods of rest and adequate sedation and
analgesia. Nurses play an invaluable role in reducing the
anxiety and fear that patients and families experience during
critical illness and intensive care. The unfamiliar environment, painful procedures, and the potential for death that
accompany advanced shock are issues that nurses are in a
unique position to address.

Optimize Nutrition
Critically ill infants and children are at risk for malnutrition
because their metabolic needs far exceed their nutritional
stores and also because of the nature and duration of their
illnesses. Previously well-nourished infants and children
may develop nutritional deficiencies after 3 to 5 days of
serious illness and intensive care; infants and children who
have been hospitalized for some time before the development of shock may already be malnourished. Providing
nutritional support demands the same priority as providing
definitive treatment of shock. 51 In fact, Pollack, Ruttimann,
and Wiley52 have noted that critically ill children who
receive better nutritional support display improvement in
physiologic stability and outcome.
Data suggest that there are advantages to using enteral
over parenteral nutrition to meet the nutritional requirements of the critically ill patient. Critical illness is associated with gut atrophy and increased mucosal permeability to
bacteria and macromolecules such as endotoxin. The theory
is that the translocation of these products, or at least the
relative ischemia and subsequent reperfusion of the splanchnic organs, are somehow implicated in the development of
single or multiple organ failure. Food in the lumen of the gut
is cytoprotective. 53 Animal studies demonstrate that enteral
nutrition maintains mucosal integrity and the immunologic
function of the gastrointestinal tract, decreases bacterial
translocation, blunts the systemic inflammatory response to
a toxin load, and improves survival in experimental
hemorrhage and peritonitis. 54
Although little data is available to guide the nutritional
support of pediatric critical care patients, Curley and
Castill0 51 recommend the initiation of enteral nutrition as
soon as possible. The transpyloric versus gastric route of
feeding is preferred because critical illness impairs gastric
emptying. The efficacy of enteral nutritional support in
critically ill children has not been subjected to prospective
randomized clinical trials. However, Chellis and colleagues 55 demonstrated that early transpyloric feedings were
feasible and safe in the PICD, even with mechanically
ventilated patients receiving vasoactive support. Patients
achieved caloric goals within 48 hours after initiating
enteral feedings, tolerated feedings, and demonstrated no
complications such as aspiration or abdominal distension. In

addition, enteral feedings proved to be cost effective in
critically ill pediatric patients.
Parenteral feeding is reserved for the patient with a
nonfunctional gastrointestinal tract. Renal replacement
therapies, such as continuous venovenous hemofiltration
(CVVH), can be used to facilitate caloric delivery in
patients who are fluid restricted or in acute renal failure
(see Chapter 21).

PROACTIVE CARE: VIGILANCE
Preventing or minimizing the often lethal complications of
shock through anticipatory monitoring of evolving problems
is an important nursing activity. All organ systems are at risk
of hypoxia and acidosis, thus increasing the risk of organ
dysfunction and the development of MODS.

Newborns
Shock in the newborn period presents additional challenges
to the pediatric critical care nurse. Shock-induced acidosis

and hypoxia can increase pulmonary artery pressures and
precipitate right-to-left shunting through fetal channels
(foramen ovale or ductus arteriosus), resulting in significant
hypoxemia. The newborn in stress is often hypothermic
because of immature thermoregulation and has low serum
glucose and calcium levels as a result of limited intracellular
stores. Because of their large surface area/volume ratio,
infants lose heat rapidly to the environment. Alterations in
carbohydrate metabolism occur secondary to endogenous
epinephrine release. Epinephrine produces an initial increase in serum glucose levels that decreases rapidly with
depletion of hepatic glycogen stores and failure of gluconeogenesis. Anaerobic glycolysis elevates blood lactate and
pyruvate levels, contributing to acidosis. Stressed neonates
are at high risk for apnea, necrotizing enterocolitis as blood
is shunted away from the gut, and seizures caused by
hypoglycemia and hypocalcemia.

Multiple Organ Dysfunction Syndrome
MODS causes 97% of the deaths that occur in the pediatric
critical care unit. 56 The mortality associated with MODS is
directly related to the number of organ systems involved in
the dysfunction process. Failure of one system is associated
with I % mortality, whereas failure of two systems is
associated with II % to 26% mortality. Three- and foursystem involvement is associated with 50% to 62% and 75%
mortality, respectively.56.57 The most common organ system
involved in MODS is the respiratory system, followed by
the cardiovascular and neurologic systems. Criteria for
pediatric patients with MODS are detailed in Table 27-7.
Organ system dysfunction such as ARDS, DIC and
purpura fUlminans, acute tubular necrosis (ATN), gastrointestinal hemorrhage, and hepatic dysfunction is not uncommon in critically ill children with shock.
Ongoing assessment of pulmonary function is important
so that early detection and management of respiratory
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TABUi 27-7

Criteria for Pediatric Patients

With MODS

Woo,
Frgan System

Criteria

~ji

RR >90/min (infants <12 months)
RR >70/min (children 2:12 months)
Paoz <40 mmHg (in absence of cyanotic
heart disease)
Pacoz >65 mmHg
PaozlFloz <250 mmHg

i~

Ii18':"
~!;

illnCardiovascular

i

~i

I,~
!i1;\:'.
~iP-'
~

l~iJ;.
~:,!"eurologtc
J~L ..

Il

i1ilT

~ematolOgiC
:i~'!'·

i~l,
r~',

~'

~enal

Iii'

~i:

~u~astrointestinal

li:--

1+

E!!:Iepatic

I~:

I'"

Mechanical ventilation (>24 hr if

poslOperative)
Tracheal intubation for airway obstruction
or acute respiratory fai lure
MAP <40 mmHg (infants <12 months)
MAP <50 mmHg (children 2:12 months)
HR <50 beats/min (infants <12 months)
HR <40 beats/min (children 2:12 months)
Cardiac arrest
Continuous vasoactive drug infusion for
hemodynamic support
Glasgow coma scale score <5
Fixed, dilated pupils

pe~~;~:t~~ :i;~q~i~:~~~:~~:~~:~re

intervention)
Hemoglobin <5 g/dl
WBC count <3000 cells/mm 3

~i:~~~:n:~~~~~::::u1ar coagulation

(PT >20 sec or aPTT >60 sec
in presence of positive FSP assay)
BUN >100 mg/dl
Serum creatinine >2 mg/dl
Dialysis
Blood transfusion >20 ml/kg in 24 hr
because of gastrointestinal hemorrhage
(endoscopic confirmation optional)
Total bilirubin >5 mg/dl and SGOT or

~~O:~:it::;C:w~~eh~:;;~i:te
Hepatic encephalopathy 2:grade II

:irom Wilkinson 10, Pollack MM, Glass NL et al: Mortality associated
lj"iWilh multiple organ system failure and sepsis in pediatric intensive care,
fi.ZPediatr 111:324-328, 1987.
Blood urea nitrogen: FSP. fibrin split products: HR, heart rate;
'i,[f,DH. lactic dehydrogenase; MAp' mean arterial pressure; MODS. mul~'Jiple organ dysfunction syndrome; PT, prothrombin time; aP1T, actiii,y~ted partial thromboplastin time; RR, respiratory rate; SGOT, serum

1-1I'UN.

~~~lutamic-oxaloacetic transaminase;

WBC,

white blood cell.

failure can be ensured. Oxygen reserve is limited, and
compensatory mechanisms are maximized in shock states,
sharply decreasing the patient's tolerance of even brief
periods of hypoxia and respiratory acidosis. In patients who
develop ARDS, the mechanism of injury may involve
activation of complement proteins that promote aggregation
of granulocytes in the lung. Granulocytes release proteolytic
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enzymes and toxic oxygen radicals that cause direct lung
injury, Decreased pulmonary compliance and altered ventilation/perfusion (\'/0.) relationship result in increased intrapulmonary shunting and venous admixture. In cardiogenic
shock, left ventricular end-diastolic pressure of approximately 20 to 25 mmHg directly results in the development
of pulmonary edema. In septic shock, damage to the alveolar
pulmonary capillary epithelium produces a protein fluid leak
into the interstitium and alveoli. Early and appropriate
intervention in either case includes oxygen administration
and colloid-diuretic therapy. Endotracheal intubation, mechanical ventilation, and PEEP are used to support an
adequate functional residual capacity and limit intrapulmonary shunting (see Chapter 8).
DIC and purpura fulminans are both states associated
with systemic microvascular thrombosis. DIC results from
an activation of the coagulation cascade with subsequent
generation of thrombin. Because DIC often accompanies
shOCk states, blood coagulation studies are assessed early in
the patient's course. The primary strategy is to treat the
underlying process causing DIC, but when DIC is rapidly
progressing, the approach is to support the patient's
hemostatic system with blood component therapy as indicated. The acceptable minimum platelet count may vary
from one institution to another. FFP and cryoprecipitate are
used to correct prolonged prothrombin time, activated
partial thromboplastin time, and abnormal fibrinogen levels
when necessary.
Purpura fulminans specifically describes the extensive,
patchy, purpuric, and ischemic areas of the extremities and
buttocks noted in patients with fever, septic shock, and
DIC,58 often associated with meningococcal or Haemophiius influenzae infection. The pathophysiology involves
endotoxemia, vasculitis, DIC, and a low blood flow state,
resulting in widespread thrombosis of the venules and
capillaries, particularly of the superficial vascular plexus. to
Numerous therapies intended to limit tissue loss and prevent
gangrene are under investigation. Current therapies include
heparinization,59 plasmapheresis,60,6t sympathetic blockade,62 plasma protein concentrates such as antithrombin III
(AT_III)63 and activated protein C,M tissue plasminogen
activator65 .66 and nitroglycerin. Irazuzta and McManus 58
reported an increase in skin perfusion with the use of topical
nitropaste 2% (15 mg/2.5 cm; total 15 cm; every 6 hours).
Renal hypoperfusion reduces glomerular filtration and
stimulates aldosterone and antidiuretic honnone secretion,
which contribute to progressive azotemia with or without
oliguria. In shock, acute renal failure occurs on a continuum
from ATN to cortical necrosis. Albumin with diuretics and
low-dose dopamine augment renal perfusion and urine
output. Progressive hyperkalemia, refractory acidosis, and
hypervolemia may require renal replacement therapy.
Gastrointestinal hypoperfusion can lead to ulceration of
the stomach and intestines and increases the risk of
bleeding. Stress ulcer prevention with histamine (H 2 )receptor antagonist administration may control gastric
acidity and prevent gastric bleeding. In addition, gastrointestinal hypoperfusion disrupts the patient's gut barrier
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Unconventional Treatment for·Systemic
Inflammatory Response Syndrome
and Shock
Anticytokine Therapy

Monoclonal antibodies
Tumor necrosis factor
Interleukin-I
Complement fragment C5a
Receptor antagonists
Tumor necrosis factor
Interleukin-I
Platelet-activating factor
Thromboxane
Bradykinin
Antiendotoxin Therapy

Endotoxin monoclonal antibodies
Lipid A derivatives
Peptides and lipoproteins that hind endotoxin
Antioxidant Therapy

Allopurinol
Mannitol
Catalase
Superoxide dismutase
Iron chelators
Miscellaneous Antiinflammatory Therapy

Complement inhibitors
C I inhibitor
Arachidonic acid inhibitors
Ibuprofen (cyclooxygenase pathway)
Imidazole (thromboxane pathway)
Diethylcarbamazine (lipoxygenase pathway)
Leukotriene inhibitor
Protease inhibitors
Modulators of Coagulation

Antithrombin III
Aprotinin
Protein C
Heparin
Plasminogen activators
Anticlotting factor monoclonal antibodies
Nitric oxide
Miscellaneous Therapies

Gut decontamination
Antihistamines
Naloxone
Calcium channel hlockers
Adapted from Bone RC: A critical evaluation of new agents for the treatment of
sepsis. lAMA 266: 1686-1691. 1991. Copyright 1989 by American Medical
Associalion; Secor VH: Multiple organ dysfunction syndrome: overview
and conclusions. In Secor VH, ed: Multiple organ dysfunctiofl and Jailure,

ed 2. 5t Louis. 1996. Mosby, p 416.

function, leading to the translocation of bacteria and
endotoxin to the systemic circulation. Given that no current
therapies can increase mesenteric blood flow or prevent
ischemia or reperfusion-mediated gut injury, the alternative
is to provide at least tropic enteral feedings (full-strength
fonnula at 0.5 ml/kg/hr) to limit bacterial overgrowth 67
The liver may also fail to perform many functions, for
example, metabolism of drugs and hormones and conjugation of bilirubin. Medications, especially those metabolized
by the liver, are dosed with careful attention to drug plasma
levels and physiologic effect. Doughty and colleagues68
noted that children with multiple organ dysfunction can
have up to 90% reduction in their drug-metabolizing ability.

UNCONVENTIONAL THERAPIES
Numerous therapies related to the care and treatment of
patients in shock are currently under investigation. Therapies range from tube feeding for decreasing the risk of
translocation to innovative immunotherapy for minimizing
the inflammatory immune response and decreasing mediator
activity and damage. Given the conceptual shift recognizing
the role in the inflammatory immune response in all shock
states, therapies once thought only applicable to septic
shock may have more of a role in other shock states because
of their final common pathway-ineffective tissue perfusion
and cellular ischemia and death.
Unconventional therapies can be organized into (I) anticytokine therapy (including monoclonal antibodies);
(2) antiendotoxin therapy; (3) antioxidant therapy; (4) antiinflammatory therapy; (5) modulators of coagulation; and
(6) miscellaneous therapy. Many of the mediator therapies
focus on either neutralizing the mediator in the circulation or
blocking the interaction between the mediator and its
cell-surface receptors, thereby preventing the mediator from
affecting its particular target 69 (Box 27-5).
Monoclonal antibodies (MoAbs) to a myriad of mediators, as well as to endotoxin, have been developed. Although
two antiendotoxin antibodies (HA-IA and E5) showed initial promise,7o.71 results were suggestive rather than conc\usive n In addition, concerns were raised regarding the studies' methods and the efficacy and therapeutic potential of the
MoAbs. Given that overwhelming inflammation without a
septic source is common in shock states, other MoAbs, such
as anti-TNF or anti-TNF-receptors, have been developed
and are under investigation. A number of individual therapies used in combination will likely prove to be beneficial
for patients in shock states, especially septic shock 73
Antioxidant therapies are pivotal in the research arena
given the recent recognition that WBC activation and tissue and reperfusion injury are related to overwhelming
inflammation.
Endogenous endorphins play an important role in modulating SNS responses in all types of shock. Peripheral
endorphin effects may involve vascular and myocardial
depression, calcium transport, and modulation of macrophage responses. The opioid antagonist naloxone has been
found to rapidly reverse hypotension secondary to endotoxin and blood loss in animals. Naloxone has been used
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successfully in some children with septic shock who failed
to respond to conventional therapy. The response to
naloxone therapy has been inconsistent, and severe reactions
may occur.
Similar variable results have been obtained with the use
of corticosteroids in treating shock. Despite adverse effects
(superinfection, electrolyte imbalance, hyperglycemia, and
gastrointestinal bleeding),74 corticosteroid administration
may improve short-term survival and permit reversal of
shock in certain subgroups of septic shock patients. The
theory is that in septic shock, steroid administration before
antibiotic administration may help attenuate the inflammatory response secondary to endotoxin release? Bollaert and
colleagues75 examined the effect of steroid administration
on the reversal of shock, hemodynamics, and survival in
adult patients with late shock treated with catecholamines.
In this prospective, randomized clinical trial, the administration of steroids for greater than 96 hours resulted in
significant improvement in hemodynamics and survival.
Compared with 21 % of placebo-treated patients, 68% of
steroid-treated patients achieved a 7-day reversal of shock.
Long-term mortality (28 day) was also lower in the steroidtreated group (32% vs. 63%). Rates of compEcations between the two groups were not significantly different. Replication of this study is needed in the pediatric population.
Bactericidal/permeability-increasing protein (BPI) has
shown promise in the treatment of severe meningococcal
sepsis. BPI is proposed to kill meningococci and to bind and
clear the bacterial endotoxin, thus minimizing the systemic
inflammatory process. 76 Phase II and phase III clinical trials,
including pediatric trials, are underway and suggest that BPI
may have a therapeutic benefit in the treatment of Iifethreatening infections and conditions associated with bacteremia and endotoxemia.77.78 Specifically, when administered
early in the course of meningococcal sepsis, BPI may limit
the severity of purpura fulminans and improve limb salvage.
With regard to nutrition, immunonutrition may be associated with a reduction of ICU morbidity. Atkinson and colleagues79 examined the effects of enteral immunonutrition
on hospital mortality and length of stay in critically ill adults
(N = 369). In a prospective, randomized clinical trial, patients either received enteral feeds supplemented immuneenhancing ingredients (arginine, purine nucleotides, and (0-3
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fatty acids) or a control enteral feed. Although no significant
differences occurred in hospital mortality (even though the
immunonutrition group was sicker), a significant reduclion
in the length of mechanical ventilation and length of hospital
stay was noted in the immunonutrition group of patients.
This study reflects the future trend in examining immuneenhancing nutrition that may be clinically significant in a
patient's recovery from shock.
Plasmapheresis (removal of the child's blood, separation
of the plasma and blood cells, and reinfusion of the packed
cells in fresh plasma) and continuous renal replacement
therapies (continuous arteriovenous/venovenous hemofiltration (CAVHlCYYHJ) have also been used to remove septic shock mediators, endotoxin, or bacterial byproducts.
McManus and ChurchweU 80 identified coagulopathy (defined as PTT >50 seconds and fibrinogen <150 mg/dl) as a
poor prognostic indicator in meningococcemia and purpura
fulminans. The authors used plasmapheresis in severely
coagulopathic patients as a means of restoring normal
clotting factors without fluid overload. Although the sample
size was small, plasmapheresis was found to be safe and
effective in correcting coagulopathy and stabilizing hemodynamics. Also, evidence shows that plasma levels of some
mediators are lowered with the use of continuous renal
replacement therapies (CRRTs) ,8 I but the cEnical significance remains uncertain.
In summary, clinical investigations are underway on
numerous therapies. Inherent research challenges to these
trials are coupled with the difficulty in sorting out the
therapeutic benefit. Therapies may be deemed statistically
and cEnically insignificant merely because of the timing of
administration. Secor25 points out that timing may be as
critical as the therapy itself. Second, it is very unlikely that
a single therapy will "fix" or minimize the overwhelming
inflammatory response, given its intricacy and complexity.

SUMMARY
In summary, care of the pediatric patient in shock requires
multidisciplinary collaboration. Recognizing the child's
condition early, diligently tending to the administration and
evaluation of treatment, and preventing the onset of
common complications compose a challenging nursing role.
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