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Introduction
Sepsis remains a leading cause of death both worldwide 
and in the US. It is estimated that nearly 1,000,000 
cases of sepsis occur each year, with 700,000 of these 
falling into the high-risk group of severe sepsis and 
septic shock. This group carries a mortality rate 
between 30–40%.1 In contrast, mortality rates from 
acute myocardial infarction and stroke are around 
20% respectively, according to 2005 data.2 The 
outcomes in acute myocardial infarction and stroke 
have improved with early recognition and standardized 
treatment.3,4 Rivers and colleagues hypothesized that 
this same concept could be applied to improve 
outcomes in patients with sepsis. In 2001, they 
published a randomized controlled trial comparing 
standard treatment with an approach that Dr. Rivers 
termed “early goal-directed therapy.”5 Through the 
use of rapid recognition and treatment of septic 
patients with early goal-directed therapy (EGDT), 
patient outcomes may be profoundly affected. This 
brief review summarizes the pathophysiologic basis of 
EGDT, its clinical application, and the controversies 
surrounding it.

Definitions and Pathophysiology of Sepsis

The consensus definition of sepsis is suspected 
infection in the presence of the systemic inflammatory 
response syndrome (SIRS).6 A diagnosis of SIRS 
requires at least two of the following: T> 38.3°C 
(100.4°F) or <36°C (96.8°F), HR>90/minute, 
respiratory rate >20/minute, and WBC>12,000/mm3 
or <4000/mm3 or with >10% bands. Classically, 
the sine qua non of sepsis was demonstration of 
bacteremia. However, this is not universally true 
as sepsis may be caused by novel pathogens such 
as fungi and up to 20% of blood cultures in septic 
patients will be negative for bacteria.7 Furthermore, 
the recognition of the patient as septic must take 

place days before the blood culture results will be 
available. Severe sepsis is the diagnosis of sepsis 
with evidence of organ dysfunction. Septic shock 
is severe sepsis with hypotension after adequate 
volume resuscitation.6

A complete understanding of the pathophysiology of 
sepsis has yet to be elucidated. However, it is clear 
that diverse derangements occur involving multiple 
organ systems leading to hemodynamic compromise. 
The mediators of these abnormalities include pro-
inflammatory, anti-inflammatory and apoptotic 
molecules. Initially, there is circulatory insufficiency 
resulting from hypovolemia, myocardial depression, 
increased metabolic rate and vasoregulatory perfusion 
abnormalities.8 This leads to an imbalance between 
oxygen demand and oxygen delivery, resulting in 
tissue hypoxia and shock. 

As oxygen demand increases at the tissue level, 
oxygen extraction from hemoglobin increases, 
which is reflected in decreases in central venous 
oxygen saturations (ScvO2) or mixed venous oxygen 
saturations (SvO2). Once the limits of oxygen 
extraction have been reached, the tissues shift to 
anaerobic metabolism with subsequent production of 
lactate. This phase, known as global tissue hypoxia, 
is an important transition from sepsis to severe sepsis 
and may occur even in patients with normal vital 
signs.9 As illustrated below, central venous oxygen 
saturation and lactate levels are useful surrogates for 
monitoring severity of illness and guiding treatment 
in septic patients.

Early Goal-Directed Therapy

Treatment of sepsis consists of hemodynamic 
management and administration of antibiotics. The 
early administration of antibiotics is essential. In septic 
shock, mortality increases with each hour of delay in 
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antibiotic administration.10 Hemodynamic management 
involves intravenous access and administration of fluids 
and vasoactive medications. Goal-directed therapy 
provides a straightforward approach to hemodynamic 
management in septic patients.

The concept of goal-directed therapy for critically 
ill patients is not new. Several studies examined 
optimizing hemodynamic parameters in critically ill 
patients after admission to the ICU, but results were 
largely negative.11,12 With EGDT, the patients at 
high risk for cardiovascular collapse are recognized 
soon after hospital arrival, generally while still in 

the emergency department, and early therapeutic 
intervention is initiated to restore a balance between 
oxygen delivery and oxygen demand. 

In Rivers original article, 263 patients were enrolled, 
130 to the EGDT group and 133 to standard therapy.5 
Patients in the standard therapy group were treated at 
the clinicians’ discretion using a Society of Critical 
Care Medicine hemodynamic support guideline.13 
All patients in the EGDT group had a central venous 
catheter placed with the capability of continuously 
measuring a central venous oxygen saturation and 
central venous pressure (CVP). (Figure 1)
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Figure 1. Protocol for Early Goal-Directed Therapy from Rivers et al.5
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The first step is to optimize volume status. Most septic 
patients are relatively volume depleted, and require an 
initial bolus of intravenous fluids. The amount of fluid 
given often varies by clinician. Fluid requirements in 
the initial resuscitation of patients with septic shock 
are often large, with up to 10 L required in the first 24 
hours.14 Instead of arbitrary administration of fluids, 
the Rivers protocol uses invasive monitoring of CVP 
to determine the adequacy of volume resuscitation. 
Frequent 500 ml boluses of crystalloid are given to 
achieve a CVP of 8–12 mm Hg.5 

Concurrently, blood pressure is addressed. If mean arterial 
pressure (MAP) is less than 65 mm Hg, vasopressors are 
given to maintain MAP of at least 65 mm Hg. The 
choice of vasopressor is not considered to be of primary 
importance, although some studies in septic shock suggest 
that norepinephrine and dopamine are preferred.15 If 
MAP is greater than 90, vasodilators were given until 
it was 90 mm Hg or less. This was the case in only a 
very small group of patients in the original trial.5 

Finally, central venous oxygen saturation is used to reflect 
tissue oxygenation. In septic patients, the metabolically 
active and hypoxic tissue extracts a higher percentage of 
oxygen, so ScvO2 will be low. If central venous oxygen 
saturation is less than 70%, red blood cells are transfused 
to obtain a hematocrit of at least 30%. If the goal of 
70% is still not met despite an adequate hematocrit and 
meeting the first two goals, an inotrope (dobutamine) 
is added to increase cardiac output.5

In the study by Rivers et al, in-hospital mortality 
was reduced by 16% with the use of early goal-
directed therapy. In-hospital mortality was 30.5% 
for the patients in the early goal-directed therapy 
group and 46.5% in the standard therapy group. 
His group concluded that the goal-directed therapy 
initiated at the earliest stages of severe sepsis and 
septic shock has significant benefit. These results 
have led to widespread endorsement of this concept 
by professional societies and the incorporation of the 
Rivers protocol into the Surviving Sepsis Guidelines,  
an initiative of three specialty societies.5

Controversies and Future Directions

The concept and subsequent implementation of 
early goal-directed therapy has not been without 
controversy. Questions about EGDT include:

1. How generalizable is EGDT to other populations?

2. �How are time and resources utilized so that the 
EGDT protocol is accomplished?

3. How cost-effective is EGDT? 

4. �Which components of EGDT actually make a 
difference in outcomes?

Some authors have questioned whether this protocol 
is generalizable to other populations.16 Rivers enrolled 
a very ill patient cohort at an inner city hospital. In 
addition, all of the enrolled patients presented to the 
emergency department; none were hospital inpatients 
who deteriorated.5 The original study remains the only 
randomized control trial using this protocol. Several 
authors have implemented the protocol and shown 
reductions in mortality.17,18 However, only one of 
these studies was prospective, using a before and after 
design.19 Notably lacking is a large prospective trial 
comparing standard therapy and early goal-directed 
therapy. Currently, there are at least three trials 
ongoing that seek to investigate this further.20,21

Another point of criticism has been that early goal-
directed therapy is too time and resource intensive for 
practical application. Much of this criticism centers 
on the use of a central venous catheter. In order to 
accurately measure CVP and ScVO2, this must be 
either a subclavian or internal jugular central line; 
placement of the line can take several minutes. While 
most emergency physicians and intensivists are facile 
with these lines, comfort levels vary. The initial study 
was performed in a large teaching hospital with a 
dedicated unit with dedicated personnel, a faculty with 
a strong critical care background, and an abundance of 
residents eager to perform procedures. In addition to 
the limitations of the central line requirement, nurses 
must be trained in CVP and ScvO2 measurements. 
This is a significant time investment and continuing 
education must be performed to ensure that skills 
remain current.22 

The cost-effectiveness of EGDT remains unknown. 
An analysis by Huang suggested that EGDT could be 
cost-saving by reducing length of stay and mortality.23 
However, in the study by Jones and colleagues, ICU 
and hospital lengths of stay were longer in the EGDT 
group.19 The increased resource utilization in this 
study occurred in patients with lower severity of 
illness. Cost-benefit analyses are needed to determine 
the true economic impact of EGDT.24 Along these 
lines, a secondary outcome measure of the ongoing 
ProCESS study is resource use and cost of alternative 
resuscitation strategies.21

Finally, several authors have questioned which aspects 
of early goal-directed therapy actually lead to the 
improvement in mortality. The patients in the early 
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goal-directed therapy group received significantly 
more fluids than the standard group, receiving 
approximately 1.5 liters more in the first six hours. 
However, by 72 hours total fluids administered were 
similar between the two groups. Perhaps the outcome 
difference was due to fluids alone. Similarly, patients 
in the early goal-directed therapy group received 
significantly more RBC transfusions in the first six 
hours (64.1% vs 18.5%).5 Blood transfusion carries 
with it significant risks, including virus transmission, 
hemolytic reactions, bacterial contamination and acute 
lung injury. Moreover, a previous large multicenter 
study favored a restrictive transfusion strategy for 
most critically ill patients, rather than the aggressive 
strategy employed in EGDT.25 While CVP and ScvO2 
can be valuable in monitoring, it may not be essential 
to improving outcomes. Early studies suggest that 
noninvasive near-infrared spectroscopy derived tissue 
hemoglobin oxygen saturation (StO2) may correlate 
closely with invasive hemodynamic measurements in 
severe sepsis.26,27 The current unfinished trials should 
shed some light on these questions. 

Conclusion
The emergence of early goal-directed therapy has 
changed the treatment of sepsis, particularly in the 
emergency department. It has raised the profile of sepsis 
and led to a time-critical paradigm for the treatment 
of septic patients.28 With further investigations, the 
concept will be refined and will evolve. While the 
specific elements and some of the methods of Rivers’ 
protocol remain controversial, the concept of early 
recognition and treatment of septic patients is of 
paramount importance for improving patient care. 

Ben Davis, MD is an emergency physician at Carle 
Foundation Hospital and a clinical instructor at the 
University of Illinois at Urbana-Champaign.

Special thanks to Alan Jones, MD at Carolinas Medical 
Center, Charlotte, NC for his insightful comments 
regarding this manuscript.

References
1.	� Angus DC, Linde-Zwirble WT, Lidicker J, et al. 

Epidemiology of severe sepsis in the United States: 
Analysis of incidence, outcome, and associated costs  
of care. Crit Care Med 2001;29:1303-10.

2.	� American Heart Association. Heart Disease and Stroke 
Statistics 2006 Update.

3.	� Hollenberg S. Top ten list in myocardial infarction.  
Chest 2000;118:1477-79.

4.	� Yang Q, Botto LD, Erickson D. Improvement in stroke 
mortality in Canada and the United States, 1999-2002. 
Circulation 2006;113:1335-43.

5.	� Rivers E, Nguyen B, Havstad S, et al. Early goal-directed 
therapy in the treatment of severe sepsis and septic shock.  
N Engl J Med 2001;345:1368-77. Copyright ©2001 
Massachusetts Medical Society. All rights reserved.

6.	� 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. Crit Care Med 1992;20:864-74.

7.	� Martin GS, Mannino DM, Eaton S, Moss M.  
The epidemiology of sepsis in the United States from  
1979 through 2000. N Engl J Med 2003;348:1546-54.

8.	� Remick DG. Pathophysiology of sepsis. Am J Pathol 
2007;170:1435-44.

9.	� Otero RM, Nguyen HB, Huang DT, et al. Early  
goal-directed therapy in severe sepsis and septic  
shock revisited. Chest 2006;130:1579-95.

10.	� Kumar A, Roberts D, Wood KE, et al. Duration of 
hypotension before initiation of effective antimicrobial 
therapy is the critical determinant of survival in human 
septic shock. Crit Care Med 2006;34:1589-96.

11.	� Gattinoni L, Brazzi L, Pelosi P, et al. A trail of  
goal-directed hemodynamic therapy in critically ill 
patients. N Engl J Med 1995;333:1025-32.

12.	� Hayes MA, Timmins AC, Yau EHS, et al. Elevation of 
systemic oxygen delivery in the treatment of critically ill 
patients. N Engl J Med 1994;330:1717-22.

13.	� Task Force of the American College of Critical Care 
Medicine, Society of Critical Care Medicine. Practice 
parameters for hemodynamic support of sepsis in adult 
patients in sepsis. Crit Care Med 1999;27:639-60.

14.	� Raghavan M, et al. Management of sepsis during the early 
"golden hours". J Emerg Med 2006;31:185-200.

15.	� Dellinger RP, Levy MM, Carlet JM, et al. Surviving 
Sepsis Campaign: International guidelines for management 
of severe sepsis and septic shock: 2008. Crit Care Med 
2008;36:296-327.

16.	� Perel A. Bench-to-bedside review: The initial 
hemodynamic resuscitation of the septic patient according 
to Surviving Sepsis Campaign guidelines—does one size fit 
all? Crit Care 2008;12:223.

17.	� Micek ST, Roubinian N, Heuring T, et al. Before-
after study of a standardized hospital order set for the 
management of septic shock. Crit Care Med 2006;34:1-7.

18.	� Nguyen HB, Corbett SW, Steele R, et al. Implementation 
of a bundle of quality indicators for the early management 
of severe sepsis and septic shock is associated with 
decreased mortality. Crit Care Med 2007;35:1-8.

Early Goal-Directed Therapy in the Treatment of Sepsis: A Brief Review



10 • Carle Selected Papers Vol. 52 No. 2 • 

19.	� Jones AE, Focht A, Horton JM, et al. Prospective external 
validation of the clinical effectiveness of an emergency 
department-based protocol for severe sepsis and septic 
shock. Chest 2007;132:425-32.

20.	� McKenna M. Controversy surrounds early goal-directed 
therapy in sepsis:pioneer defends groundbreaking approach 
to deadly disease. Ann Emerg Med 2008;52:651-54.

21.	� Clinical Trials.gov. Protocolized Care for Early Septic 
Shock (ProCESS) - NCT00510835. http://www.
clinicaltrials.gov/ct2/show/NCT00510835 Accessed 
February 5, 2009.

22.	� Jones AE, Shapiro NI, Roshon M. Implementing early  
goal-directed therapy in the emergency setting: the 
challenges and experiences of translating research 
innovations into clinical reality in academic and 
community settings. Acad Emerg Med 2007;14:1072-78.

23.	� Huang, DT, Clermont, G, Dremsizov, TT, et al. 
Implementation of early goal-directed therapy for severe 
sepsis and septic shock: a decision analysis. Crit Care Med 
2007;35,2090-2100.

24.	� Laohaburanakit P, Jones AE, Kline JA. Resource utilization 
in patients undergoing early goal-directed therapy for 
severe sepsis and septic shock. Chest 2008;133:315-16.

25.	� Hebert PC, Wells G, Blajchman MA, et al. A 
multicenter, randomized, controlled clinical trial of 
transfusion requirements in critical care. New Engl J Med 
1999;340:409-17.

26.	� Skarda DE, Mulier KE, Myers DE, et al. Dynamic near-
infrared spectroscopy measurements in patients with severe 
sepsis. Shock 2007;27:348-53.

27.	�� Mulier KE, Skarda DE, Taylor JH, et al. Near-infrared 
spectroscopy in patients with severe sepsis: correlation 
with invasive hemodynamic measurements. Surg Infect 
(Larchmt) 2008;9:515-19.

28.	� Ball J. Recently published papers: More about EGDT, 
experimental therapies and some inconvenient truths.  
Crit Care 2007;11:171.

An 18-Year-Old Male Presenting with RashEarly Goal-Directed Therapy in the Treatment of Sepsis: A Brief Review


