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CHAPTER 91 

Recommendations for Sepsis Management
Jean-Sebastien Rachoin and R. Phillip Dellinger

OBJEctive
This chapter will:
1. Present key evidence pertaining to the treatment of sepsis.

Infection is a common occurrence in the intensive care unit 
(ICU), as a reason for ICU admission and when acquired in 
the ICU, and results in significant morbidity and mortality. 
In the United States the annual incidence of infection-
induced organ dysfunction is estimated to be more than 
750,000 cases a year, resulting in more than $24 billion 
in costs, which is more than the gross domestic product 
of some European countries, such as Estonia, Iceland, or 
Malta.1,2 Despite significant advances in our understand-
ing of infection-induced organ dysfunction, the mortality 
rates remain unacceptably high, with rates ranging from 
10% to 50% based on definition and population used for 
extraction.3–6

However, first we begin with a discussion of the chal-
lenges of defining infection-induced systemic perturbations 
with a focus on organ dysfunction.

DEFINITIONS

The American College of Chest Physicians and the Society 
of Critical Care Medicine held the first sepsis definitions 
consensus conference in 1991 with the creation of the term 
systemic inflammatory response syndrome (SIRS).10 The 
criteria for SIRS were based on heart rate, respiratory rate, 
temperature, and white blood cell count. Infection associated 
with abnormalities (specific defined thresholds) of two of 
these four criteria was called sepsis. SIRS was recognized 
to occur in noninfectious conditions as well. Severe sepsis 
was the recommended term to characterize patients with 
sepsis-induced organ dysfunction or tissue hypoperfusion.

The second sepsis definitions consensus conference was 
held in 2001 with minor modifications to the 1991 defini-
tions.11 There was an expansion of clinical and laboratory 
parameters that would define sepsis, which were additive 
to the SIRS criteria. The definition of severe sepsis remained 
unchanged. Septic shock was defined as hypotension 
characterized by either a systolic blood pressure less than 
90 mm Hg or mean arterial pressure (MAP) less than 70 mm 
Hg despite adequate fluid resuscitation. The third sepsis 
definitions consensus conference was published in 2015 
with major revisions in the sepsis terminology recom-
mended.12 This committee recommended abandoning the 
term severe sepsis and using sepsis to describe infection-
induced organ dysfunction or tissue hypoperfusion. The 
previous use of the word sepsis, infection with systemic 
manifestations, no longer had a specific name, and the 

word infection was recommended regardless of whether 
systemic manifestations of infection were present. This 
most recent document recommended de-emphasizing the 
SIRS criteria.

Because the 2001 definitions currently are used in the 
United States for both ICD-10 codes and are the reference 
standard for the Centers for Medicare and Medicaid Services 
(CMS) quality metrics, any movement to adopt these defini-
tions likely will be slow and will require planning and 
coordination with these agencies.

ANTIBIOTICS ADMINISTRATION

Antibiotics administration is a cornerstone in the treatment 
of sepsis. There are three issues pertaining to this important 
therapy: mode of administration, type of antibiotics, and 
timing of treatment.

Mode of Administration
In the setting of severe sepsis and septic shock the admin-
istration of antibiotics should be done intravenously to 
ensure adequate bioavailability and prompt delivery of the 
medication to the blood stream and affected organs of the 
diseased patient.

Type of Antibiotics
In the absence of a definitive microbe as the cause of severe 
sepsis, broad-spectrum antimicrobials must be administered 
to cover a wide range of potential pathogens. This approach 
is supported by retrospective studies in which inappropriate 
antibiotic treatment was associated with higher mortality.13,14 
An additional issue that sometimes arises is whether 
antifungal agents should be added up front. The decision 
to cover broadly must be linked to the commitment to 
de-escalate antibiotics based on culture results. De-escalation 
therapy is safe and results in improved outcomes.15

It would seem reasonable that in a patient with appropri-
ate risk factors (such as cancer on chemotherapy or chronic 
TPN) that clinicians consider upfront treatment with an 
antifungal, because if unrecognized, it can be associated 
with substantial mortality.16 Another controversial topic is 
using combination treatment for high index of suspicion 
of having pseudomonal infection. Recent data suggest that 
this approach could result in better outcomes.

Timing of Antibiotics Administration
This has been the topic of several studies and one recent 
meta-analysis. In a large retrospective study of 2731 patients 
with septic shock in 14 intensive care units (ICUs) from 
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when comparing groups, but when their analysis included 
only patients with chronic hypertension, those with higher 
MAP goals had better renal outcomes (need for dialysis, 
or doubling of serum creatinine). The findings of this trial 
would suggest that in the majority of patients a goal MAP 
of 65 mm Hg is sufficient, but in patients with baseline 
hypertension a higher MAP goal of 80 to 85 may result in 
better renal outcomes. In that study, aiming for higher MAP 
resulted in a higher rate of atrial fibrillation.26

Selection of Vasopressor
Patients who fail to normalize blood pressure after initial 
fluid resuscitation require vasopressors. Because hypotension 
that persists after adequate fluid resuscitation is due to 
some combination of arteriolar vasodilation and inotropic 
suppression, a combined inotrope/vasopressor drug should 
be used. Norepinephrine (along with epinephrine and 
dopamine, one of the three combined inotrope vasopressors) 
is the vasopressor of choice in septic shock (see discussion 
below). A second vasopressor typically is added when 
norepinephrine doses exceed 30 to 40 ug/min, although 
considerably higher doses of norepinephrine are used by 
some. Choices for a second vasopressor include epinephrine 
or low-dose vasopressin (up to 0.03–0.04 units/min). (See 
discussion later in chapter.) Epinephrine is chosen because 
it is also a combined inotrope/vasopressor. Vasopressin, 
although a pure vasoconstrictor, is an alternative because 
the dose is targeted as physiologic replacement. Studies 
have shown that vasopressin levels are unexpectedly lower 
than anticipated in many patients with septic shock. 
Phenylephrine is a pure vasoconstrictor and is not recom-
mended for empiric use, although niche uses for phenyl-
ephrine include (1) difficulty raising mean arterial pressure 
in the presence of high cardiac output as well as (2) serious 
tachyarrhythmias induced by norepinephrine (not usually 
an issue). Dopamine, although not recommended as initial 
empiric therapy because of its association with arrhythmias, 
has a niche usage in patients with septic shock and sinus 
bradycardia. In 2010, De Backer et al. published the results 
of a large multicenter trial in which 1679 patients were 
randomized, to either dopamine or norepinephrine. Although 
there were no statistically significant between-group dif-
ferences in the rate of death at 28 days in the populations 
studied, survival was better with norepinephrine in all 
subgroups of shock studied, including septic shock. There 
were more arrhythmias in the dopamine group.27

In the VASST study, 778 critically ill patients were 
randomized to either norepinephrine (NE) plus low-dose 
vasopressin or norepinephrine only.26 There was no sig-
nificant mortality difference between the vasopressin and 
norepinephrine groups. The conclusion was that the addition 
of low-dose vasopressin (0.03 units/min) to NE was safe 
and produced similar outcomes as NE alone. In a rigorous 
systematic review and meta-analysis, Avni et al. reviewed 
results from 32 trials (3544 patients).27 Their analysis found 
that NE was associated with less mortality compared with 
dopamine and less major adverse events RR 0.89 (95% CI 
0.81–0.98), corresponding to an absolute risk reduction of 
11% and number needed to treat of 9. Few trials reported 
end points such as urine output and blood lactate levels, 
and when reported, norepinephrine was superior in that 
regard. Studies included in this systematic review were 
published in a time span ranging from 1989 to 2012 with 
very different practice patterns. The current evidence would 
support the use of norepinephrine over dopamine, with 
epinephrine and vasopressin as second-line choices.

1998 until 2004 in the United States and Canada, Kumar 
showed that earlier administration of antibiotics, hour after 
hour from diagnosis of hypotension improved survival. 
Delaying the administration beyond the first hour had an 
exponential impact on mortality. After adjusting for other 
factors, timing of administration of antibiotics was the most 
powerful predictor of survival in this patient population.17 
In another study from Europe done in 165 ICUs that included 
almost 18,000 patients between 2005 and 2010, Ferrer 
showed similarly that delay in antibiotics administration 
was associated with a worsening of survival.18 Not all studies 
confirm these findings.19,20

In a recent meta-analysis, Sterling et al. combined the 
results of 11 trials21 and concluded that there was no defini-
tive evidence to support that early antibiotics treatment 
was associated with improved outcomes.21 This study had 
several notable limitations. As the authors point out, the 
trials included were heterogeneous. In addition, correctly 
identifying a time “zero” can be challenging. It has been 
shown that in the emergency department a significant portion 
of patients (15% to 23%) with documented severe sepsis 
are misclassified at triage; thus correctly deciding on an 
accurate start time for shock is daunting because of the 
unpredictable and changing clinical course of the disease.22,23 
Finally, there was little information about appropriateness 
of the antibiotics (broad vs. narrow spectrum) and results of 
microbiology testing. Argument for early administration of 
antibiotics is the earliest possible attempt to limit bacterial 
growth and spread. In the absence of any possibility of doing 
a prospective randomized study (because equipoise could 
not be obtained for the trail that randomized patients to 
earlier versus later antibiotics) effective antibiotics should 
be administered as soon as possible and preferably within 1 
hour of hypotension or detection of other infection induced 
organ dysfunction.

Vasopressor Agents
Regarding vasopressor therapy of persistent infection-
induced hypotension, important questions to consider are 
the following: What should the patient’s blood pressure 
goal be? Which vasopressor agent(s) should be used? When 
should vasopressors be initiated?

Blood Pressure Goal
The target blood pressure is paramount because it is chosen 
to optimize tissue perfusion and can also serve as a measure 
of quality of care. The current recommendation is to aim for 
a mean arterial pressure (MAP) of 65 mm Hg. Patients with 
chronic hypertension or with severe atherosclerosis may 
need higher MAP to maintain adequate organ function. On 
the other hand, healthy younger patients or patients with 
cirrhosis could do well with lower blood pressure goals 
because their baseline is already low. The question of optimal 
MAP target in septic shock has been the subject of numerous 
research studies: In studies that looked at hemodynamic 
endpoints, raising MAP goals from 65 to 85 mm Hg resulted 
in an increase in cardiac output and oxygen delivery; the 
impact on lactic acid level was insignificant, and on the 
mixed venous saturation was inconsistent.24,25

There is only one randomized clinical trial that compared 
targeting higher versus lower MAP targets on clinical 
outcome. In a study of 776 patients, Asfar et al. randomized 
patients to a goal MAP of 65 to 70 mm Hg or 80 to 85 mm 
Hg. This study found no difference in the 28-day mortality 
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on organ function and mortality has been analyzed in several 
studies.

In a prospective study, Yunos et al. compared the out-
comes of patients treated with a chloride-liberal or a chloride 
restrictive fluid strategy.34 The authors did not find any 
differences in mortality or length of stay (LOS), but there 
was a significantly less risk, injury, failure, loss, and end-
stage renal disease (RIFLE)-defined acute kidney injury 
(AKI) as well as in-hospital need to RRT in the chloride-
restricted group.35 In a follow-up study the authors extended 
their observation period to 12 months, and their results 
were sustained with less AKI (20.5 vs. 15.7%) and less 
need for RRT (9.8% vs. 6.8 %).36

In another retrospective cohort study 53,000 outcomes 
in septic patients were compared based on whether or bal-
anced fluids were administered. Receipt of balanced fluids 
was associated with lower in-hospital mortality (19.6% vs. 
22.8%; relative risk, 0.86; 95% CI, 0.78, 0.94), and there 
was a proportional response with patients receiving larger 
amount of balanced fluids having an even lower mortality.37

Finally, in a retrospective cohort study of 60,734 patients 
in 360 ICUs across the United States, outcomes of patients 
treated with different fluid combinations were compared. 
Patients were categorized into four groups: those who 
received isotonic saline alone, those receiving saline in 
combination with balanced crystalloids, those receiving 
saline in combination with colloids, and those receiving 
saline in combination with balanced crystalloids and col-
loids. Hospital mortality was the lowest in the saline and 
balanced crystalloid group (17.7%), followed by the saline 
in combination with balanced crystalloids and colloid 
(19.2%), the exclusive saline (20.2%), and finally the saline 
plus colloid (24.2%). The administration of isotonic saline 
exclusively yielded a higher mortality than the coadministra-
tion of balanced solutions.34

When systematically reviewed, these findings were 
confirmed in a meta-analysis.38

Amount of Fluid and Potential Harm
In the initial phase of treatment, rapid infusion of fluid is 
usually needed, but overzealous and uncontrolled admin-
istration in patients at risk can result in adverse events 
such as hypoxemia respiratory failure. In the FACTT study 
the authors compared a conservative (central venous pressure 
(CVP) 4 mm Hg or less) and a liberal strategy (CVP 10-14) 
of fluid management in 1000 patients with acute lung injury. 
There was no significant difference in the primary outcome 
of 60-day mortality, but the conservative strategy of fluid 
management resulted in a lower duration of mechanical 
ventilation and length of stay in the intensive care.39 In 
another analysis from the same cohort, the authors focused 
on the renal impact of such a practice. Of the 306 patients 
that developed AKI in the first 2 study days, 137 were in 
the fluid-liberal arm and 169 in the fluid-conservative arm 
(p = .04). In addition, a positive fluid balance in those 
patients was significantly associated with mortality in crude 
and adjusted analysis.40

In addition to its negative effect on lung and kidney, 
excessive fluid can increase intraabdominal pressure and 
increase postoperative complications after major surgery.41

A review of the consequences on specific organ conse-
quences has been summarized by others.42

In addition to the direct effect of fluid accumulation, 
worsening renal function can be masked by diluting the 
creatinine level and therefore delaying recognition by 
the clinician. In a fascinating study, Liu et al. analyzed  
the classification and outcomes of critically ill patients 

Timing of Vasopressor Initiation
Few studies have looked into this important issue. In one 
retrospective cohort study using data from 213 adult septic 
shock patients there was association between delayed 
administration of pressor and mortality. Every 1-hour delay 
in norepinephrine initiation during the first 6 hours after 
the onset of septic shock onset was associated with an 
increase of 5.3% in mortality. This could represent earlier 
recognition of severity of illness and thus indicate the early 
initiation of salvaging treatments (although the timing of 
antibiotics was similar in both groups).27a

Intravenous Fluids
Important questions to address are the following: What is 
the type of fluid (crystalloid vs. colloid) to be used in 
critically ill patients? Is there any difference between dif-
ferent crystalloids? What is the amount needed?

Type of Fluid to Use in Critically Ill Patients
In the more modern era of critical care medicine, three 
major trials analyzed outcomes differences between albumin 
and crystalloids therapy. In a substudy from the SAFE trial, 
the morbidity difference (measured by renal failure, SOFA 
score) between the patients receiving albumin or crystalloids 
was similar, but mortality rates were lower for colloids 
group OR-0.7.28 In the CRYSTAL Study Annane et al. 
conducted a multicenter, randomized clinical trial and 
stratified by case mix (sepsis, trauma, or hypovolemic shock 
without sepsis or trauma) 2857 sequential ICU patients. 
The authors found that among ICU patients with hypovo-
lemia, the use of colloids versus crystalloids did not result 
in a significant difference in 28-day mortality. The 90-day 
mortality, however, was lower in patients receiving col-
loids.29 Finally in the ALBIOS study, 1818 patients with 
severe sepsis were assigned randomly to receive either 20% 
albumin and crystalloid or crystalloid alone. Albumin 
replacement, in addition to crystalloids, did not improve 
the rate of survival at 28 and 90 days.30 However, there 
was a significant difference observed in a posthoc subgroup 
analysis that included 1121 patients with septic shock, as 
compared with 660 without septic shock, at the time of 
enrollment (relative risk with septic shock, 0.87; relative 
risk without septic shock, 1.13).

The results of these three trials were combined in a 
meta-analysis with the following conclusions.31 Compared 
with crystalloid, a trend toward reduced 90-day mortality 
was observed in severe sepsis patients resuscitated with 
albumin (odds ratio [OR] 0.88; 95% CI, 0.76 to 1.01; p = 
.08). However, the use of albumin for resuscitation signifi-
cantly decreased 90-day mortality in septic shock patients 
(OR 0.81; 95% CI, 0.67 to 0.97; p = .03). Compared with 
saline, the use of albumin for resuscitation slightly improved 
outcome in severe sepsis patients (OR 0.81; 95% CI, 0.64 
to 1.08; p = .09). Starches (hydroxyethyl starch as well as 
pentastarch) are no longer recommended for fluid resuscita-
tion after multiple studies showed either increased mortality 
or increased renal failure.31–33

Difference Between Crystalloids
The potential harm of chloride-rich fluids has been the 
impetus for some experts to advocate for the use of more 
balanced intravenous solution. The impact of such a practice 
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balance, urine output, and intraabdominal pressure should 
be monitored as well. The optimization (“unstable”) phase 
is followed by a stabilization phase, during which the clini-
cian needs to aim for even fluid balance. Finally in the 
evacuation phase the goal is to remove excess fluid. This 
can be achieved by the patient, using diuretics or even 
dialysis as needed (Table 91.1).48

STEROIDS IN THE TREATMENT OF SEPSIS

Treatment with corticosteroids for sepsis has been advocated 
by some but remains a controversial topic. Although an 
earlier trial from France showed a decrease in mortality in 
some patients, these findings were not confirmed in a large 
multicenter study.49,50 Meta-analyses including different 
trials concluded that even though the impact on mortality 
was unclear, there is some evidence to support its use for 
shock reversal in patients on high-dose/multiple pressor.51,52

RESUSCITATION END POINTS

In the first minutes to hours of management of sepsis, clini-
cians should aim to improve macrodynamic parameters 
such as mean arterial pressure and cardiac output. As time 
passes, however, the focus should shift toward other end 
points that are more indicative of adequacy of tissue perfu-
sion. In the initial “early goal-directed therapy” study from 
Rivers, resuscitation end points that must be optimized 
were central venous pressure and ScvO2.53

Over the last decade targeting these measures was shown 
to be nonessential for successful resuscitation. The CVP 
initially was used as a surrogate measure of adequate fluid 
resuscitation. Unfortunately owing to the static nature of 
this measure as well as its poor discrimination regarding 
patients who would or would not benefit from additional 
fluids, this end point is less preferred than more dynamic 
assessment of fluid responsiveness.54–57 The ScVO2 has been 
used as a surrogate marker for adequacy of perfusion and a 
normal value of 70% or greater was considered an appropri-
ate resuscitation endpoint. A low ScVO2 would identify a 
group of patients in whom an increase in cardiac output 
(improved oxygen delivery) would be expected to raise 
central venous oxygen saturation (ScvO2). However, ScvO2 is 
not a good marker for fluid responsiveness.58 Findings from 

before and after adjustment for fluid balance. In that study 
the authors identified a group of patients who met acute 
kidney injury criteria after adjustment of creatinine for fluid 
balance (but not before). These patients had a significantly 
higher mortality than patients without renal failure.43

In a cohort study of 1453 patients from 35 ICUs in 
Australia and New Zealand, Bellomo et al. analyzed 
the association between daily fluid balance and clinical 
outcomes. Patients who survived the ICU stay had a lower 
mean daily and cumulative fluid balance (−234 mL/day, 
−1941 mL) compared with the nonsurvivors (+560 mL/day, 
+1755 mL). A negative mean daily fluid balance during study 
treatment was independently associated with improved 
clinical outcomes: mortality, length of stay, and less need 
for dialysis.44

In another study, after correcting for age and Acute 
Physiology and Chronic Health Evaluation II (APACHE II) 
score, a more positive fluid balance at both 12 hours and 
day 4 of ICU stay correlated significantly with increased 
mortality.45

During the early course of septic shock, traditional 
therapy has included aggressive fluid resuscitation to 
minimize vasopressors. However, the association of poor 
outcome with high input/output (I/O) ratios has been 
reported. Although some would link this association to 
poor outcome with overly aggressive fluid administration, 
patients with more severe sepsis would be predicted to 
need more fluid to maintain optimum intravascular volume 
in the presence of more severe venodilation and more severe 
capillary leak. Whether higher I/O ratios represent an 
association or cause and effect is unknown. It is likely that 
too much fluid resuscitation and too little fluid resuscitation 
are both possible in this patient population. There is likely 
a right combination of fluid and vasopressors to maintain 
mean arterial pressure in each patient. Currently we have 
very little in our armamentarium to know the correct 
combination of these two therapies in an individual patient. 
Although aggressive fluid resuscitation may save lives early 
by preventing cardiovascular deaths and increasing tissue 
perfusion to organs at risk, there is likely a price to pay 
once the patient is stabilized as fluid remains in the extra-
vascular spaces and lingers there after the bacteria and 
toxins are cleared. Beyond that initial phase of fluid 
administration, the clinician constantly should reassess 
whether patients would benefit from fluid administration 
using dynamic indices such as passive leg raising test, 
end-expiratory occlusion test, fluid challenge, or pulse 
pressure variation analysis.46

Fluid Administration Regimen
The basic tenet of critical care in the first hours of sepsis 
is to improve cardiac output to ensure oxygen delivery and 
fluid administration must be given as bolus. Past the initial 
phase, need for fluid must be constantly reassessed. The 
ROSE model for fluid management was proposed by Hoste 
et al. as they divided resuscitation into four phases: a 
resuscitation phase, optimization phase, stabilization phase, 
and evacuation phase (Fig. 91.1). In the first phase (R for 
resuscitation) characterized by low cardiac output, capillary 
leak, and venodilation, the aim would be to achieve adequate 
rapid correction of macrodynamic parameters: MAP ≥ 65, 
and optimization of cardiac output using rapid administra-
tion of fluids. In the second phase (O for optimization phase) 
the goal is to improve tissue perfusion and carefully 
administer fluids. In that phase fluid administration should 
be considered as a marker of severity of illness.47 The clini-
cian must optimize macrodynamic end points, but fluid 

Volume
status

Rescue Stabilization
Optimization De-escalation

FIGURE 91.1 Phases of the ROSE model of resuscitation. (From Hoste 
EA, Maitland K, Brudney CS, Mehta R, Vincent JL, Yates D, Kellum 
JA, Mythen MG, Shaw AD. Four phases of intravenous fluid therapy: 
A conceptual model. Br J Anaesthes. 2014;113[5]:740–747, with 
permission.)
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PROCESS Study
In 31 emergency departments in the United States, 1341 
patients were assigned to one of three treatment groups: 
protocol-based traditional Early Goal Directed Therapy 
(EGDT), protocol-based standard therapy, and to usual care. 
There were significant differences in regard to amount of 
fluid and blood transfusion administered, and use of 
vasopressors and inotropic agents. However, mortality end 
points were no different.66

ARISE Trial
Peake et al. randomly assigned septic patients presenting 
to the emergency department in one of the 51 centers (mainly 
in Australia and New Zealand) to receive either traditional 
EGDT or usual care. 1600 patients were included in the 
trial and similarly to the PROCESS trial the patients assigned 
to the EGDT group received more IV fluids, vasopressors, 
inotropes, and transfusions. Also similarly, mortality was 
not different.67

PROMISE Study
1260 patients from 56 hospitals in England were assigned 
randomly to receive either EGDT or usual care. Again like 
the two previous trials, more resources were used in the 
EGDT group with mortality outcome not different.68

How do we reconcile the findings of those three major 
studies with that of the results from the quality improvement 
project?

First, it is possible that, when analyzed in the rigorous 
context of a research study, results may not be translatable 
to real world practice. The story of glycemic control is a 
prime example in which strict blood sugar control was 
found beneficial in controlled studies but detrimental when 
applied to real world situations.69

Second, it is possible that parts of the SSC sepsis bundle 
may not be as useful as others, but taken together, the 
overall adherence to the bundle does lead to improved 
outcomes.

Third, a one-size-fits-all approach in the care of critically 
ill patients is not ideal, and what possibly would work in 
some may not be good for others. This would point to the 

Process, ARISE, and PROMISE show that resuscitation can 
be just as successful without the use of ScvO2. We believe 
that ScVO2 still has a place in management of critically ill 
patients in conjunction with other markers (such as lactate 
or dynamic measures of fluid responsiveness).

Targeting a hematocrit goal of 30% has been shown to 
have no impact on mortality or ischemic events, and findings 
from the TRICC and the TRISS trial indicate that using a 
threshold of 7 g/dL for blood transfusion is adequate for 
septic patients.59,60

Other alternative targets also were studied during the 
last decade. In a multicenter randomized, noninferiority 
trial patients with severe sepsis or septic shock were assigned 
randomly to resuscitation protocols of either an ScVO2 of 
70% or greater or a lactate clearance of 10% or more. The 
authors enrolled 300 patients, and the outcomes in each 
group were similar.61

Microvascular dysfunction when assessed using sublin-
gual imaging has been shown to be a strong mortality predic-
tor in septic patients. 62 Microcirculation assessment is a 
sophisticated bedside skill and to date is limited to research 
trials. Furthermore, attempts to use treatments (such as 
nitroglycerin) aimed at optimizing microcirculation have 
failed to be successful. 63

Protocolized Versus Usual Care
Since the launch of the first Surviving Sepsis Campaign 
(SSC) guidelines (2004) in the aftermath of the landmark 
Rivers trial, an associated improvement in outcomes on all 
continents has been observed. A study that looked at data 
from 165 centers across United States, Europe, and South 
America found that over time, compliance with SSC sepsis 
performance improvement bundles increased while mortality 
rates decreased with 5.4% less mortality for centers that 
implemented the program over 2 years.64

In a meta-analysis of 50 observational studies from 
multiple countries over an extensive period of time, Damiani 
et al. showed that adherence to SSC guidelines via a per-
formance improvement process resulted in lower mortality.65 
In their analysis the authors found that those institutions 
with increased compliance with sepsis bundles had an 
associated reduction in mortality (OR = 0.66 [0.61–0.72]).65

Three major randomized controlled studies have com-
pared combinations of protocolized care and “usual care.”

TABLE 91.1

Characteristics of Different Stages of Resuscitation: ‘Fit for Purpose Fluid Therapy’. GDT, Goal Directed Therapy;  
DKA, Diabetic Keto Acidosis; NPO, Nil Per Os; ATN, Acute Tubular Necrosis; SSC, Surviving Sepsis Campaign

RESCUE OPTIMIZATION STABILIZATION DE-ESCALATION

Principles Lifesaving Organ rescue Organ support Organ recovery
Goals Correct shock Optimize and maintain 

tissue perfusion
Aim for zero or negative fluid 
balance

Mobilize fluid accumulated

Time (usual) Minutes Hours Days Days to weeks
Phenotype Severe shock Unstable Stable Recovering
Fluid therapy Rapid boluses Titrate fluid infusion 

conservative use of 
fluid challenges

Minimal maintenance infusion 
only if oral intake inadequate

Oral intake if possible
Avoid unnecessary i.v. fluids

Typical clinical 
scenario

•	 Septic	shock
•	 Major	trauma

•	 Intraoperative	GDT
•	 Burns
•	 DKA

•	 NPO	postoperative	patient
•	 ‘Drip	and	suck’	management	

of pancreatitis

•	 Patient	on	full	enteral	
feed in recovery phase of 
critical illness

•	 Recovering	ATN
Amount Guidelines, for example, SSC, pre-hospital resuscitation, trauma, burns, etc.



septic shock, in whom colloids may provide an 
advantage. After the initial phase of resuscitation, 
needs for fluids should be reassessed frequently 
to minimize side effects.

4. Resuscitation should be individualized with the 
use of dynamic variables and bedside clinical 
evaluation.
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importance of individualizing care with the use of dynamic 
variables and bedside clinical evaluation.

Finally, since the publication of the Rivers study as well 
as the SSC guidelines there has been a huge increase in 
public and healthcare teams’ awareness of the importance 
of early aggressive therapy to avoid dire consequences of 
sepsis. There is little doubt that practitioners feel more 
familiar with the concepts and methodology and reasoning 
in treating septic patients over the last 10 years, and this 
may be a primary determinant of improved outcomes.

Key Points

1. Early antibiotics administration (within 1 hour of 
identification) may improve survival of septic 
patients.

2. In patients with septic shock, clinicians should 
use norepinephrine as the preferred vasopressor 
and should aim for a mean arterial pressure of 
65 mm Hg in most patients.

3. Administration of crystalloids confers similar 
outcomes compared with colloids in most patients 
with sepsis with the exception of patients with 
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