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Septic shock: Targeting evaluation and treatment

Halting the progression to multiple organ failure

KHALDOUN FARIS, MD

ABSTRACT: Shock may be defined in physiologic terms as a state in which
the circulatory system is unable to meet the cellular needs for perfusion to
maintain tissue homeostasis. Septic shock is defined as a state of tissue hy-
poperfusion arising from a documented infection or the infection-induced re-
lease of inflammatory mediators. Successful resuscitation depends on careful
patient assessment to determine the causal organisms of infection and ap-
propriate antibiotic therapy targeting the key pathogens. In many cases,
where high cardiac output is opposed by reduced left ventricular filling pres-
sure despite fluid loading, administration of inotropic agents may be war-
ranted to alleviate myocardial dysfunction. Septic shock requires rapid in-
tervention to stop the downward spiral to multiple organ failure and death.
(/ Crit fllness. 2002;17(9):357-363)

The pathophysiology of septic shock
focuses on infection as the primary
event, stimulating a cascade of medi-
ators that leads to uncontrolled sys-
temic inflammation, microvascular co-
agulopathy, deregulated apoptosis,
and tissue hypoxia.' The overall mor-
tality rate from septic shock is about
40%, and elderly patients or those
with immune dysfunction such as that
caused by diabetes, burns, malignan-
cy, or cirrhosis may have an even
greater likelihood of death. Septic
shock complicated by multiple organ
dysfunction is the most common
cause of death in the ICU, and its in-
cidence has approximately doubled
since 1979 to over 400,000 cases an-
nually in the United States.? This in-
creased incidence probably reflects
more aggressive support of seriously
il patients, a growing percentage of
whom are elderly, and increased use
of invasive devices, such as bladder
and intravascular catheters.*

In this review, 1 describe the
common manifestations of sepsis, ini-

tial assessment and diagnostic strate-
gies that may help define the caus-
ative organism(s), and my approach
to monitoring and treating patients
with this challenging disease.

CLINICAL MANIFESTATIONS
Hemodynamic criteria for shock in-
clude a mean arterial pressure less
than 60 mm Hg or a decrease in the
systolic blood pressure of more than
40 mm Hg from baseline. The hy-
potension usually presents with high
cardiac output such that the patient
has warm extremities with a rapid
capillary refill, as opposed to cardio-
genic or hemorrhagic shock, in which
the extremities are cool and the cap-
llary refill is delayed.

Patients with septic shock gen-
erally are in a hyperdynamic state
characterized by high cardiac output
and low systemic vascular resistance.*
Despite the high cardiac output, sig-
nificant myocardial dysfunction with
reduced left ventricular ejection frac-
tion is frequently observed in this pa-

tient population.® Cellular dysfunc-
tion ensues—brought about by the
hypotension, insufficient blood flow
to various tissue beds, or the infec-
tion-induced release of inflammatory
mediators.

In addition to the hemodynamic
aberrations, other clinical manifesta-
tions of sepsis include fever, hypo-
thermia, tachycardia, tachypnea or
hyperventilation, oliguria, and altered
sensorium (Table 1).” In more ad-
vanced stages, the condition may
progress to profound hypoxemia re-
fractory to supplemental oxygen
(acute respiratory distress syndrome),
acute renal failure, or disseminated
intravascular coagulation.

Laboratory abnormalities such as
leukocytosis (white blood cell [WBC]
count greater than 12,0000/puL) or
leukopenia (WBC count less than
4000/pL) with an increase in “im-
mature band forms,” evidence of
poor oxygenation on arterial blood
gas analysis, and metabolic acidosis
with an increased serum lactate level
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Table 1 - Definitions

Infection
Microbial phenomenon characterized

Bacteremia

Heart rate > 90 beats/min

Sepsis

Heart rate > 90 beats/min

Severe sepsis

Septic shock

normalities are measured.

Hypotension

by an inflammatory response to the presence
of microorganisms or the invasion of normally sterile host tissue by those organisms.

The presence of viable bacteria in the blood,

Systemic inflammatory response syndrome
The systemic inflammatory response to a variety of severe clinical insults. The response
is manifested by 2 or mare of the following:

Temperature > 38°C (100.4°F) or < 36°C (96.8°F)

Respiratory rate > 20 breaths/min or PaCO, < 32 mm Hg
WBC count > 12,000/uL, < 4000/uL, or > 10% immature (band) forms

The systemic response to infection. This systemic response is manifested by 2 or
more of the following conditions as a result of infection:
Temperature > 38°C (100°F) or < 36°C (96.8°F)

Respiratory rate > 20 breaths/min or PaCQ, < 32 mm Hg
WBC count > 12,000/L, < 4000/uL, or 10% immature (band) forms

Sepsis associated with organ dysfunction, hypoperfusion, or hypotension. Hypo-
perfusion and perfusion abnormalities may include, but are not limited to, lactic
acidosis, oliguria, or an acute alteration in mental status.

Sepsis with hypotension, despite adequate fluid resuscitation, along with the pres-
ence of perfusion abnormalities that may include, but are not limited to, lactic aci-
dosis, oliguria, or an acute alteration in mental status. Patients who are receiving
inotropic or vasopressor agents may not be hypotensive at the time perfusion ab-

A systolic BP of <90 mm Hg or a reduction of > 40 mm Hg from baseline in the
absence of other causes of hypotension.
Multiple organ dysfunction syndrome

Presence of altered organ function in an acutely ill patient such that homeostasis
cannot be maintained without intervention.

WEC, white blood cell; B, blood pressure,

Adapted with permission from the American College of Chest Physiclans/Society of Critical Care Medicine
Consensus Conference Committes, Crit Care Med, 1992.°

may be apparent also. Other associat-
ed abnormalities may include throm-
bocytopenia, prolonged prothrom-
bin/partial thromboplastin time, or
elevated levels of blood urea nitrogen
and creatinine.

INITIAL ASSESSMENT
The first objective in the evaluation of
a patient in whom sepsis is suspected

358

is careful assessment of the adequa-
cy of the patient’s airway, breathing,
and circulation. Only after this is
done is a more detailed history taken
and physical examination performed.
A patient’s mental status should be
assessed as well as his or her degree
of respiratory distress and hemody-
namic instability.

The patient who is obtunded or

comatose cannot protect his airway,
and this is as compelling an indication
for endotracheal intubation as severe
respiratory fatigue or impending res-
piratory failure. Patients with pro-
found hypotension and those who re-
main refractory to initial resuscitative
efforts also should be intubated, since
metabolic acidosis often induces res-
piratory muscle fatigue.

The respiratory status of a pa-
tient with sepsis can be evaluated
rapidly by making a few simple ob-
servations. The respiratory rate and
the difficulty of the patient’s respira-
tory effort are helpful in assessing res-
piratory distress, as are intercostal,
suprasternal, or supraclavicular re-
tractions. Anxiety, accessory muscle
use, or diaphoresis may signal im-
pending respiratory failure. Even if
the patient does not have obvious res-
piratory distress, supplemental oxy-
gen by face mask should be adminis-
tered if sepsis is suspected.

On evaluation of the circulation,
rapid vascular access with a large-
bore peripheral venous catheter
should be established. Unless there is
evidence of fluid overload, an initial
fluid bolus of 1 L of crystalloid (either
normal saline or lactated Ringer solu-
tion) should be administered rapidly
(over 10 to 20 minutes) and the pa-
tient’s response to the fluid challenge
observed. If there is no improvement
in the patient’s pulse or blood pres-
sure after the initial volume infusion,
subsequent fluid boluses may be ad-
ministered. No improvement after
several fluid boluses may indicate the
need for inotropic support and inva-
sive monitoring in the ICU.

During initial resuscitation, the
patient should be rapidly examined to
determine the source of infection. In
the examination, the CNS (meningi-
tis), the lungs (pneumonia), the ahdo-
men (ruptured appendix or perforat-
ed viscus), and the urinary system
(urosepsis from an indwelling Foley
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catheter), as well as sites of intravas-
cular catheter insertion, are of partic-
ular interest. Often the source of in-
fection is not apparent, requiring fur-
ther evaluation and diagnostic studies.

While initiating resuscitative ef-
forts, blood, urine, and sputum sam-
ples should be collected for culture. A
minimum of 20 mL and ideally 30
mL of blood should be drawn from 2
separate peripheral venipuncture
sites if possible.” Patients also should
be examined for cellulitis at either a
peripheral or central venous insertion
site. Patients who are granulocyto-
penic or who have received cortico-
steroids in large doses for prolonged
periods may not demonstrate signs
of inflammation, such as erythema,
warmth, and swelling at the infection
site.”

Antibiotic therapy should be ini-
tiated as rapidly as possible after the
appropriate cultures have been or-
dered and after the patient has been
examined for an obvious source of in-
fection. The choice of empiric antibi-
otic therapy should be based on the
suspected site of infection, the organ-
isms likely to be responsible, and the
sensitivities of organisms frequently
isolated from the local microbiology
laboratory documented in the “an-
timicrobial sensitivity report.”

Patients need to be assessed fre-
quently for a clinical response while
taking antibiotics—especially if there
are signs of deterioration—and until
a surgically correctable source of in-
fection can be identified (for example,
an abscess or perforated viscus). The
most recent results of the pertinent
microbiologic studies need to be re-
viewed.” Likely causes of an infec-
tion's failure to respond to therapy
include a resistant or unidentified
organism or an undrained septic
focus.'

Patients in whom septic shock is
suspected should be transferred to
an [CU, and appropriate hemody-

namic monitoring should be initiated.
Patients who have significant myo-
cardial disease, those in whom initial
resuscitative efforts failed, and those
with significant oxygenation difficul-
ties requiring high levels of positive
end-expiratory pressure (PEEP) will
probably need a pulmonary artery
catheter.'"'? After providing hemo-
dynamic support and identifying the
source of infection, the third thera-
peutic goal involves modifying the in-
flammatory cascade to prevent fur-
ther tissue injury (Figure).'* !

HEMODYNAMIC SUPPORT

The objective is to restore effective
perfusion to the vital organs. To assess
the adequacy of hemodynamic sup-
port, one must be able to evaluate in-
dices of global as well as regional per-
fusion (Table 2). Clinical parameters
used to assess global perfusion in-
clude mental status, capillary refill,
urinary output, heart rate, and blood
pressure, as well as cardiac output
and serum lactate level.

Mixed venous oxygen saturation
concentrations frequently are elevat-
ed in septic shock because of com-
promised blood flow and the inability
of the tissues to participate in aerobic
metabolism; therefore, its use as an
indicator of global perfusion is limit-
ed. Assessment of splanchnic circula-
tion using gastric tonometry repre-
sents an index of regional perfusion.
Gastric tonometry has been used to
measure gastric intramucosal PCO,
and to subsequently determine the
intramucosal pH by assuming that the
gastric bicarbonate level equals the
serum bicarbonate level.'® The arte-
rial-gastric PCO, difference is consid-
ered representative of gastric muco-
sal oxygenation.'’

Fluids

Hypovolemia is present in the initial
phase of septic shock and remains
until adequate fluid resuscitation is

THE JOURNAL OF CRITICAL ILLNESS « Vol. 17, No. @ « SEFTEMBER 2002

achieved—when a hyperdynamic
profile becomes manifest.'® Effective
fluid resuscitation has been shown to
improve cardiac output, tissue perfu-
sion, oxygen delivery, and survivabil-
ity in patients with septic shock.'*2
Crystalloid (normal saline or lactated
Ringer solution) initially should be
given in boluses to achieve clinical
end goals such as adequate urinary
output (greater than 0.5 mL/kg/h),
normal blood pressure (or one ap-
proximating a hypertensive patient’s
baseline blood pressure), and a nor-
mal heart rate (or a diminution in
tachycardia). Failure to achieve these
goals may indicate the need for a pul-
monary artery catheter to assess vol-
ume status and changes in cardiac
output or stroke volume in response
to fluid boluses.

The target for the filling pres-
sures may be a pulmonary capillary
wedge pressure of 12 to 15 mm Hg,
which is consistent with an optimal
cardiac output in many patients.'??!
Since crystalloid solutions, such as
0.9% sodium chloride (normal saline)
and lactated Ringer solution, are dis-
tributed in the extracellular space,
roughly 25% or less of the infused vol-
ume will remain in the intravascular
space. Isotonic crystalloid infusions of
I L have been demonstrated to in-
crease the intravascular volume by
only 100 to 200 mL.**

The most commonly used colloid
solutions in resuscitating patients are
albumin and hydroxyethyl starch,
known as hetastarch. Unlike crystal-
loids, colloids have the advantage of
raising the colloid oncotic pressure
and do not migrate as readily from the
intravascular to the interstitial space.
The result is that smaller volumes of
colloid are required to expand in-
travascular volume. For example, 1 L
of a 5% albumin solution may in-
crease the intravascular volume by
500 to 1000 mL.** Hetastarch, a syn-
thetic colloid available in a 0% solu-
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Table 2 - Indices of perfusion

Mean arterial pressure and heart rate
Serum lactate level

Global Regional

Mental status CNS: decreased sensorium
Capillary refill Heart: ECG changes of ischemnia
Urinary autput Renal: elevated bload urea nitrogen

and creatinine levels; decreased
creatinine clearance

Hepatic: elevated transaminase
and bilirubin levels; prolonged
prothrambin time

Gl tract: stress ulceration; ileus,
malabsorption; decreased intestinal
pH via gastric tonometry

tion, may cause a decrease in factor
VIl activity when administered in
large volumes, which may prolong
the partial thromboplastin time. Heta-
starch may cause an increase In cir-
culating plasma volume similar to the
increase in intravascular volume
caused by 5% albumin.

Vasopressors

If a patient remains refractory to ag-
gressive fluid therapy, a vasopressor,
such as dopamine, epinephrine, or
norepinephrine, may be used to in-
crease mean arterial pressure. The
goal of therapy with these agents is to

restore effective perfusion pressure
without compromising stroke vol-
ume, renal perfusion, or splanchnic
perfusion (Table 3).

Dopamine affects «, 8, and dopa-
minergic receptors depending on the
dosage used. At low doses (2 10 5
ug/kg/min), the drug activates pre-
dominantly dopaminergic receptors,
causing renal and splanchnic vaso-
dilation. At intermediate doses (5 to
10 pg/kg/min), the drug has an ino-
tropic effect by virtue of its activity on
B, (cardiac) receptors. At still higher
doses (greater than 10 pg/kg/min),
the « receptors are stimulated and a

vasopressor response is produced.

Dopamine's effect at higher
doses may be diminished by its ten-
dency to produce tachycardia and re-
duce stroke volume by limiting ven-
tricular filling time. In contrast to do-
pamine, norepinephrine has mare
potent c-adrenergic effects and less
pronounced B effects such that it may
be used to augment mean arterial
pressure in volume-loaded patients
with sepsis whose hemodynamics re-
main refractory to dopamine infu-
sion.?® Norepinephrine may be in-
fused starting at doses as low as 0.01
ng/kg/min up to a maximum of 3
pg/keg/min.

Epinephrine has been shown to
decrease splanchnic perfusion, in-
crease hepatic venous lactate con-
centrations, and decrease gastric mu-
cosal pH, although only transiently. In
addition, it increases myocardial oxy-
gen consumption. It should be re-
served for occasions when other sym-
pathomimetic agents fail to restore
mean arterial pressure.”* Phenyl-
ephrine, a pure «o -agonist, is used
rarely and only for patients—such as
those with myocardial ischemia or se-
vere aortic stenosis—in whom tachy-

”
Table 3 - Receptor activity of vasopressors/inotropic agents

Agent a Effect B, Effect B, Effect Dopaminergic effect
Norepinephrine - dded ! bt ;'-++ : None

Epinephrine RS N o None

Dopamine +H{+++ t+ ++ SR

Dobutamine + s ++ None

Phenylephrine Ft+t None None None

Amrinone None None None .Nune

Milrinone None None None None

Glucagon None None None None

+, Intensity of effect,

360
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Figure - Customizing sepsis therapy to points in pathogenesis

SPLA, secretory phaspholipase A, NO, nitric oxicle, TNF, tumar necrosis factor; I, interleukin
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dysrhythmias from other agents
would be poorly tolerated.

Inotropic agents

Many patients with septic shock who
have been adequately resuscitated
with fluid may still need inotropic
support to optimize regional perfu-
sion indices when ventricular ejec-
tion fraction remains reduced despite
high cardiac output.

Dobutamine is a racemic mix-
ture of L and D forms, which when
administered together possess a pre-
dominantly B, effect that has been
shown to improve splanchnic blood
flow compared with other catechol-
amines.?* Dobutamine has a variable
effect on mean arterial pressure rang-
ing from no change to hypotension
requiring a-agonists. Dobutamine’s
efficacy may be limited because it in-
duces significant tachycardia, which
may be unacceptable in certain
groups of patients (such as those with
coronary artery disease or atrial fi-
brillation). Phosphodiesterase inhib-
itors such as amrinone and milrinone
also are known for their inotropic ef-
fects; however, their routine use in

patients with sepsis is not recom-
mended because of their vasodilatory
effects.

A recent, prospective, random-
ized trial has shown a significant de-
crease in the severity of organ dys-
function and in-hospital mortality in
patients with severe sepsis and septic
shock who received early goal-direct-
ed therapy. This aggressive therapy
included fluid resuscitation to main-
tain central venous pressure higher
than 8 mm Hg, vasoactive agents to
maintain mean blood pressure be-
tween 65 and 90 mm Hg, and blood
transfusion in addition to inotropic
agents to maintain mixed venous oxy-
gen saturation concentrations higher
than 70%.%°

Immune response modulators

New modalities for treatment of sep-
tic shock modify the response of the
immune system. Theoretically, inter-
rupting the septic cascade would pre-
vent multiple organ failure and the
corresponding mortality. Endotoxin
inactivation and inhibition of the
tumor necrosis factor as well as vari-
ous receptors are examples of im-

#

CLINICAL CONCLUSIONS:

portion of elderly persons grows.

tion despite volurne loading.

roids and moneclonal antibodies.

Successful resuscitation for septic shock is all-encompassing

1 Septic shock—and its frequent corollary multiple organ failure—is the most com-
‘mon cause of death in the ICU and s increasing in frequency as the nation's pro-

2Také-'z'ﬂa_ins_tt; properly identify the source, the site, and the sensitivities of the in-
fectious agents suspected to be causal in septic shock.

3 Inotropic support may be necessary for a significant _pumberﬂf_pétiﬁnh-whu
' have myacafﬁ}ﬁi,ﬂysfuncﬁqn-aﬁmi;ignce{_i by decreased ventricular ejection frac-

4’Humian recombinant activated protein C has beer shown to be effective in calm-
ing the pathogenic inflammatory response, .

| 5®ther promising treatment strategies under study include the use of corticoste-

| CRITICAL ILLNESS 2002
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mune response modulation areas un-
der study.

The role of corticosteroids in
sepsis and septic shock has been ex-
tensively studied. Despite earlier dis-
appointing results, new trials have
been very encouraging. A stress dose
of hydrocortisone (100 mg followed
by 0.18 mg/kg/h infusion) in septic
shock patients was found to reduce
the time to cessation of vasopressor
therapy.?” Also, in pressor-dependent
septic shock patients, hydrocortisone,
100 mg IV 3 times a day, has been
shown to improve hemodynamics
and survival.?®

Activated protein C is an endog-
enous protein with anti-inflammato-
ry, antithrombotic, and profibrinolytic
properties that may play a major role
in modulating inflammation and co-
agulation in sepsis and septic shock.

The safety of activated protein C
and its efficacy in reducing D dimer
(marker of coagulopathy) and inter-
leukin-6 (marker of inflammation) lev-
els as well as mortality in severe sep-
sis has been proved in 2 randomized,
double-blind, placebo-controlled, mul-
ticenter trials.?*3" An infusion of dro-
trecogin alfa (recombinant human ac-
tivated protein C) for 96 hours in pa-
tients with severe sepsis was shown
to reduce mortality significantly
(30.8%, vs 24.7% for placebo).

A recombinant tissue factor
pathway inhibitor also has been eval-
uated in severe sepsis. Its safety and
efficacy in reducing levels of throm-
bin-antithrombin complexes (mark-
ers of coagulopathy) and interleukin-
6 have been proved in a prospective,
randomized, single-blind, placebo-
controlled, multicenter trial.?'

SUMMARY

In conclusion, septic shock is a clini-
cal entity with a myriad of possible
presentations as precipitated by a
common sequence of events: an in-
fectious agent instigates circulatory
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failure that leads to tissue hypoxia—
and ultimately, multiple organ dys-
function and death. Management of
septic shock patients involves rapid
assessment of the most likely causes
and organisms, acquisition of ade-

quate samples for culture, and resus-
citation. Resuscitation includes select-
ing antibiotics targeting the most like-
ly pathogens, volume loading to pre-
vent or reverse hypovolemia, and
administering inotropic agents to aug-

ment mean arterial pressure, cardiac
output, and oxygen delivery. Promis-
ing new options in the area of im-
mune response modulation are being
researched to better meet the needs
of patients with sepsis in the future.
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