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Severe sepsis and septic shock is a life-threatening disease. It is combined with multi-organ failure. In the past
decade, early goal directed therapy has been proposed as an effective treatment strategy for better outcome. Recent
epidemiologic studies showed that the outcome of sepsis has been improved with the introduction of early goal directed
therapy. However, it is unclear which elements of early goal directed therapy contributed to the better outcome. Recent
prospective and randomized trials suggested that some elements of early goal directed therapy did not have any effect on
the outcome benefit. In this paper, recent articles about early goal directed therapy will be reviewed and the effectiveness

of individual elements of early goal directed therapy will be discussed.
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Introduction

During the past 30 years, the incidence of sepsis has been
increased and the related mortality rate amounts to 50 per-
cent in the most severe cases'”. In 2001, Rivers et al.’ suggest-
ed early goal directed therapy (EGDT) improved the survival
of severe sepsis and septic shock. EGDT refers to a treatment
bundle including early intensive fluid administration using
physiologic targets to guide resuscitation within first six hours
in severe sepsis and septic shock. Thereafter, EGDT has widely
accepted in clinical practice; however, there is conflicting evi-
dences regarding the effectiveness of individual resuscitation
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elements and targets™”. In order to solve this controversy, well
designed, large scaled, randomized trial has been published.
Recently, ProCESS study’ and ARISE study reported no mor-
tality benefit with EGDT-based therapies. However, there are
recent evidences supporting the benefit of EGDT®”, In this
review, therefore, debates on EGDT and recent evidences re-
garding sepsis treatments will be discussed.

Diagnostic Criteria of Sepsis

Sepsis is defined as a systemic inflammatory response syn-
drome caused by bacterial infection'. According to severity
of sepsis, it is classified into sepsis, severe sepsis and septic
shock. Severe sepsis is defined as the state which is combined
with sepsis induced organ failure or tissue hypoperfusion.
Septic shock is defined as sepsis-induced hypotension persist-
ing despite adequate fluid administration.

Epidemiologic Evidences about EGDT

Since the 1970s, the incidence of sepsis has been increasing
every year in the United States. Hospitalization due to sepsis
has been increased by 7.9% annually since 2000 and sepsis
has become the most common causes of hospitalization in
the sixth'. This increase in incidence is thought to be related
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to the increase in immunocompromised host, the elderly and
multi-drug resistant strains'"". In contrast to the increase in
the incidence of sepsis, mortality has decreased over the past
decade™"'°. One of these studies showed that sepsis mor-
tality in 2012 was 14.2% in severe sepsis and 22.0% in septic
shock, respectively’. Notably in this study, mortality of sepsis
was reduced down from 2000 to 2012 even after adjusting
for the effects of increased incidence, co-morbidities, age and
severity. This suggested that the outcome of sepsis has been
improved during a few past decades regardless of increased
early detection of sepsis.

The causes of recent improvement of sepsis outcome might
be multi-factorial. The Surviving Sepsis Campaign (SSC) ac-
tivities were particularly noteworthy and helpful in the sepsis
management. The SSC established and updated the sepsis
guideline every four years since 2004'"'™", A recent study
presented the evidences that the activities of the SSC or EGDT
was associated with improved outcome’. In 2009, MOSAICS
study assessed sepsis treatment status of Asian intensive care
units (ICUs) and hospitals in terms of the compliance of the
SSC guideline®. In this study, the mortality of severe sepsis was
44.5% in all included countries and 38.7% in the high income
countries including Korea. However, the EGDT bundle com-
pliance was quite low (10%) even in the high income country
and was related to poor outcome. From this study, the mortal-
ity of sepsis in Korea is still high comparing to Western coun-
tries and this gap was presumed to be related with low EGDT
bundle compliance (10%).

Recent Evidences about Resuscitation
Elements of EGDT

Since the introduction of EGDT in 2001, the importance of

Table 1. Surviving sepsis campaign care bundles

early treatment for tissue oxygenation (tissue oxygenation) in
sepsis is emphasized to improve the prognosis. In particular,
treatment goals for improving tissue oxygenation, such as
central venous pressure (CVP), mean arterial blood pressure
(MAP), central venous oxygen saturation (Scv0O,), and blood
lactate concentration were achieved as a protocolized bundle
within 6 hour and effort to raise resuscitation bundle compli-
ance was emphasized (Table 1). However, the evidences of
each of the goals and the resuscitation element are contro-
versial and not validated. Recently, many studies about these
controversies have been published. So, these controversies
and potential guidance about sepsis treatment will be dis-
cussed afterward.

1. Effectiveness of resuscitation bundle

As mentioned earlier, recent evidences showed that the
resuscitation bundle including EGDT improved the prognosis
of sepsis®*’. In a multi-center observational study of United
States, as SSC guideline compliance increased by 68.5%, in-
hospital mortality was reduced by 59%". Especially if initial
resuscitation element which is performed within 3 hours is
well done, this prevented the worsening severity of sepsis
and the requirements for further resuscitation factors, such
as vasopressor, transfusion of red blood cells, steroid use, and
low tidal ventilation in many cases. Therefore, this can war-
rant once again the importance of early implementation of the
sepsis bundle.

Recently, ProCESS study suggested the contradictory re-
sults (relative risk with protocol-based therapy vs. usual care,
1.04; 95% confidence interval [CI], 0.82-1.31; p=0.83 and rela-
tive risk with protocol-based EGDT vs. protocol-based stan-
dard therapy, 1.15; 95% CI, 0.88-1.51; p=0.31) from previous
data and raised questions about the effects of sepsis resusci-

Surviving sepsis campaign

To be completed within 3 hours 1) Measure lactate level

To be completed within 6 hours

2) Obtain blood cultures prior to administration of antibiotics
3) Administer broad spectrum antibiotics
4) Administer 30 mL/kg crystalloid for hypotension or lactate >4 mmol/L

5) Apply vasopressors (for hypotension that does not respond to initial fluid resuscitation) to maintain
amean arterial pressure (MAP) >65 mm Hg

6) In the event of persistent arterial hypotension despite volume resuscitation (septic shock) or initial
lactate >4 mmol/L (36 mg/dL)

- Measure central venous pressure (CVP)*
- Measure central venous oxygen saturation (ScvO,)*

7) Remeasure lactate if initial lactate was elevated*

Adapted from Dellinger RP et al. Crit Care Med 2013;41:580-637, with permission of Wolters Kluwer Health, Inc."”.
*Targets for quantitative resuscitation included in the guidelines are CVP of 28 mm Hg, ScvO, of >70%, and normalization of lactate.
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tation bundle. Additionally, ARISE study also demonstrated
that EGDT did not reduce all-cause mortality in early septic
shock’. However, in these studies, the mortality of both treat-
ment group was relatively low (18.6%-21.0%) comparing the
outcome of past studies. In addition, both treatment group
were early diagnosed with severe sepsis or septic shock and
thereafter received the substantial amount (1-2 L) of crystal-
loid. The proportion of the early use of antibiotics was quite
high (75%). These facts imply that 3hr resuscitation of the SSC
guideline was basically achieved in both treatment groups.
Therefore, combining the results of recent epidemiologic
study, the main causes of the improved outcome is the 3 hour
resuscitation element of EGDT, not the goal-directed therapy
at Scv0,, CVP and Hct above 30%.

2. Fluid resuscitation

The guideline recommends a protocolized, quantitive
resuscitation if sepsis induced tissue hypoperfusion (blood
lactate >4 mmol/L or if hypotension is persisting despite bo-
lus supply of fluid). However, there is a controversy about the
optimal volume and types of resuscitative fluid. Here, the evi-
dences about this controversy will be reviewed.

1) Choice of fluid

(1) Saline vs. colloid: In the Saline versus Albumin Fluid
Evaluation (SAFE) trial", 6,997 critically ill patients were ran-
domly assigned to receive 4% albumin solution or normal
saline for up to 28 days. There were no differences between
two groups for mortality. In a subgroup with severe sepsis (18%
of the total group), there was a trend toward decreased mor-
tality in the albumin group (risk ratio, 0.93; 95% CI, 0.61-1.41;
p=0.09). From this result, the SAFE Study Investigators evalu-
ated the safety of albumin as a resuscitative fluid in severe
sepsis™. As a result, they concluded that administration of al-
bumin compared to saline did not impair renal or other organ
function (18.7% vs. 18.2%; p=0.98) and may have decreased
the risk of death (adjusted odds ratio [OR], 0.71; 95% CI, 0.52—
0.97; p=0.03).

(2) Crystalloid vs. crystalloid+albumin: Previous two
studies of the SAFE Study Investigators suggested the evi-
dence for the safety of albumin fluid in severe sepsis but the
survival benefit against crystalloid fluid was not validated.
To confirm this topic, the SAFE Study Investigators recently
published another multicenter open-label randomized trial
of patients with severe sepsis or septic shock™. In this study,
1,818 patients with severe sepsis assigned to receive either
20% albumin and crystalloid solution or crystalloid solution
alone. However, albumin replacement in addition to crystal-
loids did not improve the 28-day mortality and any other end
points including 90-day mortality, the number and the degree
of organ dysfunction, and hospital stays. Therefore, crystalloid
is the first choice of resuscitative fluid in severe sepsis or septic
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shock. Albumin is safe and useful in intravascular volume ex-
pansion consistent with the observations from previous stud-
ieslg—Zl.

(3) Warning against hydroxyethyl starch: Among the
colloid fluids, hydroxyethyl starch (HES) was widely used for
fluid resuscitation in ICUs. However, in a multicenter study,
patients with severe sepsis assigned to fluid resuscitation
with HES 130/0.42 had an increased risk of death at day 90
and were more likely to require renal-replacement therapy®.
Thereafter, the SSC decided to ban HES for patients with sep-

sis'’.

2) Goal of resuscitation

(1) Target blood pressure (MAP): The guideline recom-
mends a target blood pressure (BP) of 65 mm Hg or more
and also encouraged to modify a target BP depending on the
underlying atherosclerosis or hypertension. However, the
strength of the evidence about target BP is weak and has not
been validated fully”*'. In 2014, SEPSISPAM study has con-
firmed that the recommendation of the guideline is proper®.
In this multicenter, open-label trial, a total of 776 patients were
assigned to the low target group (MAP, 65-70 mm Hg) and
high target group (MAP, 80-85 mm Hg) between the 28th days.
However, there was no difference in mortality rate at 28 day
(hazard ratio in the high-target group, 1.07; 95% CI, 0.84-1.38;
p=0.57). Patients with a higher MAP had a greater incidence of
atrial fibrillation (6.7% vs. 2.8%, p=0.02), otherwise in patients
with a history of chronic hyptenstion, a higher MAP reduced
the rate of renal replacement therapy (42.2% vs. 31.7%, p=0.04).
Therefore, target BP above 65 mm Hg or more is recommend-
ed in sepsis or septic shock as mentioned above.

(2) ScvO, vs. lactate: The guideline recommended the
monitoring ScvO, and lactate as a goal for resucitation. How-
ever, In ProCESS and ARISE study, goal directed resuscita-
tion targeting ScvO, above 70% or more showed no mortality
benefit. ScvO, is one of useful index for tissue hypoperfusion,
however, the effectiveness as single goal of sepsis treatment
is questionable. Lactate has been suggested as an alternative
goal and monitoring index for resuscitation in severe sepsis or
septic shock. In a randomized clinical trial®®, lactate clearance
([(Initial lactate-Lactate >2 hours later)/Initial lactate]x100)
showed non-inferiority in mortality for ScvO, as a goal of re-
suscitation of septic shock (23% vs. 17%; 95% CI, 11%-24%). In
another study”, lactate normalization within 6 hours was the
strongest predictor of survival (adjusted OR, 5.2; 95% CI, 1.7-
15.8) in severe sepsis. From these results, serial measurement
of lactate is expected to be used as an alternative to ScvO, if
central venous insertion is not available. However, it should be
considered that lactate is not sensitive to reflect the change of
tissue perfusion after restoration of perfusion™.

The SSC responded to the result of the recent two clinical
trials, ProCESS and ARISE study as following; the monitoring
of ScvO, and CVP is not routinely required in all patients with
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severe sepsis or septic shock. However, initial 3-hour bundle
of the guideline will not be affected by these trials and SSC
bundle did not confer any harm result even though did not
confer any benefit. Therefore, keeping the current guideline is
intact until evidences are growing enough.

From these evidences, it is obvious that ScvO, and CVP is
not a best goal for resuscitation in severe sepsis and septic
shock. However, protocol directed therapy requires the use of
a physiologic endpoint to guide fluid management. ProCESS
and ARISE study showed that traditional physiologic targets
using MAP, urine output were not inferior to EGDT targets
(ScvO,, CVP, MAP, and urine output). Therefore, a proto-
colized therapy is basically targeted to MAP and urine output
and additional targets including ScvO, and CVP can be used
according to an individualized clinical situation.

3) Vasopressor

(1) Norepinephrine vs. dopamine: Vassopressor is rec-
ommended if hypotension is ongoing despite adequate fluid
resuscitation. Traditionally, norepinephrine and dopamine
is commonly used, but recent trials comparing two vasopres-
sors favor the use of norepinephrine. In 2010, SOAP 1I study
showed that the comparison of two vasopressor in sepsis
found no difference in mortality (OR with dopamine, 1.17;
95% CI, 0.97-1.42; p=0.10)*’. However, the use of dopamine
was associated with more frequent arrhythmic events. Also,
the subgroup of cardiogenic shock was associate with higher
mortality in the dopamine group (p=0.03). In addition, a meta-
analysis showed that dopamine administration is associated
with greater mortality and a higher incidence of arrhythmic
events compared to norepinephrine administration®. There-
fore, norepinephrine is a reasonable first choice in the patients
with severe sepsis and septic shock.

4) Additional therapy

(1) Dobutamine use: Dobutamine was recommended
in the refractory septic shock with diminished cardiac out-
put”' ™", This might be still useful in the clinical practice for
treatment of refractory septic shock. However, it should be not
used to increase the cardiac index to supra-normal level**,

(2) Transfusion: Red cell transfusion was basically re-
served for patients with a hemoglobin level below 7 g/dL or
less. Data from randomized trial based on EGDT showed
conflicting results”®. Recent two trials, such as ProCESS and
ARISE study showed that red blood cell (RBC) transfusion did
not showed any benefits as part of the protocolized therapy.
One multicenter randomized trial was conducted to solve this
controversy”. The patients with septic shock were assigned
to lower and higher threshold groups defined as hemoglo-
bin <7.0 g/dL and hemoglobin <9.0 g/dL, respectively. The
mortality at 90 days and rates of ischemic events and use of
life support were similar among both groups. Therefore, RBC
transfusion in patients below hemoglobin 7.0 g/dL or less
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is the consensus for severe sepsis and septic shock except if
combined hemorrhagic shock or myocardial ischemia.

Conclusion

Since the Rivers' landmark study in 2001, EGDT has been
a backbone of sepsis treatment and led to the SSC. Many
epidemiologic studies support the positive effect of the
past decade’s treatment strategy on the outcome of sepsis.
Nevertheless, controversy persists over the each element of
resuscitation management or resuscitation goal. Recent two
randomized trial with similar design with Rivers' study clari-
fied the drawback of EGDT. As a result, we could identify that
initial 3-hour resuscitation is still very important with early
detection of the onset of severe sepsis and septic shock. Also,
recent randomized trials (ProCESS & ARISE) confirmed that
the recommendation of 2012 SSC guideline is effective in the
resuscitation elements or goal including the threshold of MAP
or transfusion. The other resuscitation goals including CVP,
ScVO, and lactate were not proven to be effective in patients
with severe sepsis and septic shock. However, there is no evi-
dence about the harm from keeping these resuscitation goals.
Therefore, it is reasonable not to change the current clinical
practice. Especially, early detection of severe sepsis and septic
shock and 3-hour management bundle should be kept.
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