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Fluid resuscitation in sepsis: the great 30 mL per kg hoax
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Abstract: Large volume fluid resuscitation is currently viewed as the cornerstone of the treatment of septic
shock. The surviving sepsis campaign (SSC) guidelines provide a strong recommendation to rapidly administer
a minimum of 30 mL/kg crystalloid solution intravenously in all patients with septic shock and those with
elevated blood lactate levels. However, there is no credible evidence to support this recommendation. In
fact, recent findings from experimental, observational and randomized clinical trials demonstrate improved
outcomes with a more restrictive approach to fluid resuscitation. Accumulating evidence suggests that
aggressive fluid resuscitation is harmful. Paradoxically, excess fluid administration may worsen shock. In
this review, we critically evaluate the scientific evidence for a weight-based fluid resuscitation approach.
Furthermore, the potential mechanisms and consequences of harm associated with fluid resuscitation are
discussed. Finally, we recommend an individualized, conservative and physiologic guided approach to fluid
resuscitation.
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Introduction
An aggressive approach to fluid resuscitation in patients with
sepsis is recommended by international guidelines and is
considered the cornerstone of treatment (1). This approach
is based on historical concepts and the theory that septic
shock is a form of hypovolemic shock characterized by tissue
hypoperfusion (2). The surviving sepsis campaign (SSC)
recommendation to “rapidly administer a minimum of
30 mL/kg crystalloid for hypotension or lactate ≥4 mmol/L”
is a “strong recommendation, with a low quality of
evidence” (1). Indeed, this strong recommendation is based
largely on expert opinion with minimal supporting clinical
data. In addition to the lack of credible data demonstrating
the benefit of such a strategy, recent studies have
demonstrated the potential harms with such an approach.
Furthermore, results from experimental, observational
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and randomized clinical studies strongly suggest improved
outcomes with a more restrictive approach to fluid
resuscitation (2-5).
Where did the 30 mL/kg come from?
The strong recommendation that septic patients with
hypotension or an elevated blood lactate concentration
are required to receive at least 30 mL/kg of intravenous
crystalloid within 3 hours of presentation, was a new
recommendation in the fourth edition of the SSC
guidelines, published in 2016 (6). Alarmingly, in the
most recent revision of the SSC guidelines, the 3- and
6-h bundles have been combined into a single “1-hour
bundle” with the requirement to initiate (fluid) resuscitation
immediately in all patients without exception (1).
Previous versions of the SSC guidelines recommended

J Thorac Dis 2020;12(Suppl 1):S37-S47 | http://dx.doi.org/10.21037/jtd.2019.12.84

S38

Marik et al. Fluid resuscitation in sepsis: the great 30 mL per kg hoax

a quantitative resuscitation protocol, based entirely on the
early goal-directed therapy (EGDT) study published by
Rivers et al. (7). This protocol required early and aggressive
fluid resuscitation to achieve a central venous pressure
(CVP) greater than 8 mmHg and central venous oxygen
saturation (ScvO2) greater than 70%. EDGT and the
overwhelming endorsement by the SSC ushered in an era of
aggressive fluid resuscitation which persists to this day. This
approach inevitably leads to massive fluid overload. EGDT
was subsequently debunked in three large multicentre
randomized controlled trials (8,9), however, this failed
approach seems to have taken on a life of its own.
The justification provided by the SSC to support the
fixed dose of 30 mL/kg in all patients is that "although little
literature includes controlled data to support this volume
of fluid, recent interventional studies have described this
as usual practice in the early stages of resuscitation, and
observational evidence is supportive” (1). The interventional
studies that the guideline reference, are the average
volumes of pre-randomization fluid given to patients in
the PROCESS, ARISE and PROMISE trials (10-12).
There is an obvious and fundamental issue with this type
of circular reasoning. One describes current practice, for
which there is no good evidence, and then produces a
strong guideline recommendation for this current practice.
The fact that clinicians on average administered 30 mL/kg
of intravenous fluid before randomization was likely based
on the results of the Rivers study, before the results of the
3 interventional studies provided evidence to clinicians that
liberal fluid resuscitation does not improve patient-centred
outcomes. It is also noteworthy that the reported mortality
in the intervention group from the Rivers study was around
40%, which corresponds with the historical mortality at
that time. The reported mortality of the control group
however was around 60% (28-days and in-hospital), which
could be considered as an excess mortality of 50% in the
control group when compared to the historical mortality
at that time.
The SSC guideline provides additional observational
data, published by the same authors, which allegedly
supports the strong recommendation for aggressive fluid
resuscitation. Data from the International Multicentre
Prevalence Study on Sepsis (the IMPreSS study),
demonstrated that overall compliance with the SSC bundle
was low, however, patients whose care was compliant with
all of the recommendations had a 40% reduction in hospital
mortality (13). In addition, Levy et al. demonstrated that
increased compliance with the SSC bundle was associated
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with a mortality reduction (14). Strong conclusions based
on these uncontrolled, longitudinal observational studies
are fraught with pitfalls. It is important to emphasize that
both studies did not analyse the effect of fluid resuscitation
as an independent element of the bundle. Additionally,
the association between bundle compliance and mortality
is fraught with potential confounding. It is conceivable
that increased bundle compliance is a marker of improved
process of care or increased staffing levels while bundle
non-compliance may be correlated with increased patient
complexity or may be uncontrolled for co-morbidities.
In addition, changing definitions of sepsis over time with
increased enrolment of less sick patients likely had a
dramatic effect on outcomes.
In a large study that analysed the independent effect
of the fluid bolus (30 mL/kg) as a discreet element of the
sepsis bundle, rapid completion of the fluid bolus had no
effect on the outcome (15). In this study which analysed
26,978 patients, the time to completion of the fluid bolus
was not associated with in-hospital mortality (odds ratio of
1.01 per hour; 95% CI, 0.99 to 1.02; P=0.21). Furthermore,
patients in whom the fluid bolus was completed between
6 and 12 hours had a similar risk of death to patients in
whom the bolus was completed in 6 hours (odds ratio
of 1.02; 95% CI, 0.92 to 1.14; P=0.65). A recent large,
severity adjusted observational study demonstrated that on
average the total amount of fluid administered to patients
with severe sepsis and septic shock during the first hospital
day was considerably less than that recommended by the
SSC guidelines (16). This real-world study performed in
the USA emphasizes that thoughtful clinicians follow a
much more prudent approach to fluid administration than
recommended by the SSC guidelines. However, in this
study patients who received more than 5 L of fluid during
the first hospital day had a significantly increased risk of
death.
Other issues with the 30 mL/kg recommendation
Aside from the fact that there is no good evidence for
the strong recommendation to administer 30 mL/kg
intravenous fluid to patients with septic shock, are there
any other issues with this recommendation. Firstly, the SSC
guidelines do not state whether clinicians should use actual
body weight, predicted body weight or ideal body weight.
Which weight metric clinician’s use will have a significant
impact on the amount of fluid prescribed, especially in
the extremes of weight (e.g., severe underweight, severe
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overweight). For example, when using actual body weight in
a patient weighing 150 kg, a fluid bolus of 4,500 mL should
be administered. If one does not adhere to this guideline
and one happens to practice in the State of New York (USA),
there is a real risk of being sued for malpractice (nonadherence to the so-called SEP-1 mandate). If one does
adhere to the guideline, one still risks litigation for causing
hypervolemia-associated morbidity or mortality, especially
in a patient with concomitant cardiac or kidney failure.
Regardless, a relevant practical issue is that height and
weight data are unlikely to be available to the clinician who
is treating the patient with septic shock (17). When weight
data are not immediately available and weight-based fluid
resuscitation is recommended, it is likely that clinicians will
estimate the patient’s weight. Unfortunately, estimations of
patients’ weight made by intensive care unit staff, regardless
of whether this is medical or nursing staff, have been shown
to be notoriously unreliable (18,19).
Second, the recommendation of a fixed resuscitation
volume of 30 mL/kg in all patients with septic shock is an
example of a “one-size-fits-all” approach. This approach
contradicts the current paradigm that medical treatments,
including fluid administration, should be individualized
and personalized (9,20). In one study conducted in
2 hospitals in the USA, the validity of this “one-size-fits-all”
approach to the management of patients with septic shock
was questioned (21). In this study, 47.3% of 1027 septic
shock patients met the 6-hour 30 mL/kg fluid requirement.
Compliance was lower in patients with chronic kidney
disease (42.3%), heart failure (40.9%) and those with
chronic liver disease (38.5%). When adjusting for relevant
covariates, compliance with the fluid requirement was
not associated with in-hospital mortality (OR 1.03, 95%
CI: 0.76–1.41). Finally, there is emerging evidence that
blindly following the SSC protocols is potentially harmful
to patients (22). Potential patient harm caused by fluid
resuscitation will be discussed in more detail below.
Is there actually any evidence for fluid resuscitation
in sepsis?
The history of fluid resuscitation as well as the preclinical
and clinical evidence, or rather lack thereof, for fluid
resuscitation as treatment for severe sepsis and septic
shock has been reviewed in detail elsewhere (2). In short,
the assumed effectiveness of the fluid treatment was
based on an incorrect and incomplete understanding of
the pathophysiology of sepsis. In this hypoperfusion-
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centric paradigm, the case for organ hypoperfusion
was based on the presence of an increased blood lactate
concentration, oliguria, hepatic dysfunction and altered
mental state, amongst others. It was assumed that these
findings were a consequence of organ hypoperfusion and
that fluid resuscitation would result in clinically relevant
increases in cardiac output which would then reverse the
pathological organ hypoperfusion. At multiple levels this
reasoning is overly simplistic and mostly wrong. There is
emerging evidence that cerebral, cardiac, renal and hepatic
dysfunction in sepsis is largely caused by bioenergetic
failure rather than microcirculatory dysfunction and
impaired organ perfusion. This is best demonstrated in the
kidney where renal blood flow is usually maintained despite
oliguria and impaired renal function. Furthermore, it is
essential to recognize that the septic heart responds poorly
to fluid loading and that aggressive fluid administration may
paradoxically further impair cardiac function. In patients
with sepsis the Frank-Starling (or cardiac function curve)
is shifted downwards and to the right, with the septic heart
showing a limited response to fluid loading. Ognibene and
colleagues demonstrated this finding over 25 years ago (23).
In this study, patients with septic shock demonstrated a
minimal increase in end-diastolic volume and stroke volume
following a fluid challenge. Furthermore, due to alterations
in ventricular compliance large volume fluid resuscitation
will cause large increases in filling pressures leading to
pulmonary edema (high left atrial pressure) and increased
hepatic and renal venous pressures (high right atrial
pressure) with consequent organ dysfunction. Additionally,
emerging data suggests that at presentation only about
50% of patients with septic shock (who are fluid naive) will
demonstrate a clinically significant increase in stroke volume
in response to a fluid bolus (i.e., are fluid responsive) (24).
Furthermore, this study demonstrated that those patients
who were initially fluid responders rapidly become nonresponsive to fluid challenges (Figure 1). It is therefore
important to emphasize that in most patient’s aggressive
fluid loading will have minimal hemodynamic benefits but
will come at the cost of significant “downstream” harmful
effects. There is, however, a group of septic patients who are
truly hypovolemic (dehydrated). These are usually elderly
patients who have been sick for some time with decreased
oral intake and/or nausea and vomiting. In these patients,
limited fluid administration will usually correct the patients’
hypotension and tachycardia. However, fluids alone will not
reverse the hemodynamic instability in patients with more
severe sepsis; in these patients aggressive fluid administration
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Figure 1 Fluid responsiveness over time in patients with septic
shock. Adapted with permission from Hernández et al. (24).

will likely worsen the vasodilatory shock and myocardial
dysfunction and increase the microcirculatory injury
with increased organ edema and organ dysfunction (25).
In summary, the evidence supporting fluid resuscitation as
an effective and safe treatment for sepsis is essentially nonexistent (2).
Emerging evidence of harm associated with fluid
resuscitation in sepsis
There are two fundamental mechanisms by which
aggressive fluid administration may be harmful to the septic
patient. The first relates to the direct effects of large volume
resuscitation on cardiovascular function, paradoxically
worsening shock. The second mechanism is related to the
deleterious effects of volume overload on organ function.
While balanced crystalloids are generally regarded as the
fluid of choice, the specific benefits and harms of different
types of resuscitation fluids will not be reviewed in this
paper.
Cardiovascular dysfunction associated with fluid
bolus therapy
As mentioned earlier, fluid resuscitation using fluid bolus
therapy is regarded as the initial intervention of choice in
patients with sepsis induced hypotension and in patients
with an elevated lactate concentration. The stated goals
of fluid resuscitation include a CVP >8 mmHg, a mean
arterial pressure >65 mmHg with an improvement in urine
output (6). Improvement of these hemodynamic parameters
is presumed to indicate improved tissue perfusion which
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would then result in better clinical outcomes. However,
despite an apparent initial improvement, cardiovascular
dysfunction and outcomes appear to worsen.
In the landmark “fluid expansion as supportive therapy
(FEAST)” trial, 3,141 children with severe sepsis were
randomized to receive fluid resuscitation with either
40 mL/kg of 0.9% saline, 4% albumin or no-volume
resuscitation (3). The trial was stopped early due to a 40%
increased mortality in the fluid arms. Subgroup analysis
failed to identify any group of patients that benefitted from
the large fluid volume resuscitation strategy. Surprisingly,
the cause of the increased mortality in the patients’ that
received fluid was not related to complications associated
with fluid overload but rather due to delayed cardiovascular
collapse producing refractory shock (26). Following the
FEAST trial, a randomized controlled trial conducted in
Zambia, randomized 209 adult patients with septic shock
to a 6-hour sepsis protocol compared to usual care (4).
The 6-hour sepsis protocol included a 2-liter fluid bolus
administered within 1 hour of enrollment, followed by an
additional 2-liter over the subsequent 4 hours (very similar
to the SSC guideline). Despite receiving a significantly
greater volume of fluid, patients in the protocol group
required greater use of vasopressor agents. The 28-day
survival was significantly better in the usual group as
compared to the protocol group (58% vs. 36%, P=0.02).
These two randomized controlled trials highlight the
significant harm associated with an aggressive fluid
resuscitation strategy.
In order to better understand the disturbing findings
of these pivotal clinical studies, Byrne and colleagues
performed an ovine experimental study which compared
an early fluid resuscitation strategy versus an early
vasopressor, no-fluid resuscitation approach (27). This
study was performed using a validated hyperdynamic sheep
model of sepsis (28). After the induction of endotoxemic
shock, the animals received fluid resuscitation with
40 mL/kg of 0.9% saline given over 1 hour (like the FEAST
study) followed by vasopressor support or hemodynamic
support with protocolized noradrenaline (norepinephrine)
and vasopressin but without a fluid bolus. As expected,
the fluid resuscitated animals had an increase in cardiac
output immediately following administration of the fluid
bolus. While the mean arterial blood pressure increased
following fluid administration, the extent of increase was
small compared to the increase in cardiac output due to
a simultaneous fall in the systemic vascular resistance. In
keeping with the observations from the pivotal randomized
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Figure 2 Flow diagram of the proposed mechanisms of cardiovascular dysfunction associated with fluid bolus therapy in septic shock. ANP,
atrial natriuretic peptide; NO, nitric oxide.

controlled trials, the animals in the fluid resuscitation group
required considerably more noradrenaline to maintain
the same mean arterial pressure in the 12 hours after
resuscitation. These findings suggested that large volume
fluid resuscitation induced vasodilation and resistance to
vasopressor agents. Importantly, there was evidence of
increased myocardial injury (troponin levels) and damage
to the endothelial glycocalyx (hyaluronan levels) in the fluid
resuscitation animals. In summary, fluid resuscitation has
the potential unintended consequence that it may worsen
shock. The potential pathways that large volume fluid
resuscitation may cause cardiovascular dysfunction are
discussed below and summarized in Figure 2.
Fluid resuscitation induced vasodilation
Several experimental and clinical studies have demonstrated
that large volume fluid resuscitation causes vasodilation.
Furthermore, experimental studies suggest that fluid
administration may transform the initial non-resuscitated
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hypodynamic profile into a hyperdynamic state (29-31).
Monge García et al. studied the effects of a fluid bolus on
arterial load in 81 septic patients (32). In this study only
44% of volume responsive patients had an increase in mean
arterial pressure. Fluid resuscitation resulted in a decrease
in systemic vascular resistance that was most marked
amongst the patients whose cardiac output increased.
Similarly, Pierrakos et al. found that in preload responsive
patients fluid resuscitation resulted in a significant decrease
in systemic vascular resistance (33). In another experimental
study, fluid bolus administration decreased dynamic arterial
elastance, with no relationship between the changes in
cardiac output and mean arterial pressure (34). Several
explanations have been hypothesized to explain fluid
bolus induced vasodilation. The rapid infusion of a large
volume of fluid may attenuate the baroreflex-mediated
vasoconstriction in response to hypovolemia (32). Fluid
administration may recruit previously closed vessels, thereby
reducing arterial resistance. A fluid bolus will increase blood
flow velocity and endothelial shear stress (31). Increased
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endothelial shear stress may result in flow mediated vascular
relaxation secondary to the release of endothelial nitric
oxide (35). In addition, shear stress results in integrinmediated release of fibroblast growth factor 2, which is
believed to play a role in endothelium-dependent control
of vascular tone (36). Finally, the rapid administration of
large volumes of fluid increase cardiac filling pressures and
the release of natriuretic peptides. Natriuretic peptides are
potent vasodilators, acting via cGMP pathways (like nitric
oxide).
Fluid resuscitation associated cardiotoxicity
Large volume resuscitation may lead to cardiovascular
collapse by direct cardiotoxicity. In the ovine study by
Byrne and co-workers, animals in the fluid resuscitation
group developed impaired myocardial contractility with
evidence of myocardial injury (27). The causation of
fluid induced cardiotoxicity is uncertain; however, several
potential explanations have been suggested. These include
increased myocardial edema, mitochondrial oxidative
stress, microvascular thrombi and increased sarcolemma
membrane permeability (37,38). Furthermore, the
requirement for increased doses of vasopressors may play a
pathogenetic role. Catecholamines have been demonstrated
to increase myocardial oxidative stress (39). Increased
oxidative stress may play a central role in the pathogenesis
of sepsis induced myocardial dysfunction (40).
Effects of fluid resuscitation on the glycocalyx
Degradation of the endothelial glycocalyx is an early
finding in sepsis (41). Large volume fluid administration
may potentiate damage to the glycocalyx, especially
when the fluid bolus is given rapidly. Circulating levels of
hyaluronan are frequently used as a marker of degradation
of the glycocalyx barrier (42-45). Increased levels of
hyaluronan have been reported following intravenous fluid
administration, suggesting fluid induced damage to the
glycocalyx (46). Shedding of the glycocalyx may be mediated
by the release of atrial natriuretic peptide in response to
hypervolemia (45). In experimental models, the exogenous
administration of physiological levels of atrial natriuretic
peptide has been demonstrated to cause shedding of the
glycocalyx with increased vascular permeability (47). In
the study by Byrne and colleagues, animals assigned to the
fluid resuscitation group demonstrated a prolongation of
endotoxemia-induced release of circulating atrial natriuretic

© Journal of Thoracic Disease. All rights reserved.

peptide, followed by an increased rate of hyaluronic acid
shedding into the blood (27). A recent study demonstrated
that the volume of fluid administered during the
resuscitation of septic patients was independently associated
with the degree of glycocalyx degradation (48). In this study,
the degree of injury to the glycocalyx was associated with
in-hospital mortality.
Inflammatory effects of fluid resuscitation
The approach to fluid resuscitation may impact the
circulating profile of inflammatory mediators (49). In an
experimental human endotoxemia model, prehydration
shifted the cytokine pattern toward a more antiinflammatory state which was associated with reduced
clinical features of sepsis (50). It has been proposed
that resuscitation fluids may have dose-dependent proinflammatory properties (51,52). Furthermore, the
composition of the resuscitation fluid may impact the
inflammatory response. In patients with septic shock
administration of hypertonic as compared to isotonic
fluids alters the expression of genes that are implicated
in leukocyte-endothelial interactions which influence
microvascular function and capillary permeability (53).
Harm caused by fluid overload
The degree of volume overload is best assessed by
calculating the percent of fluid accumulation. The
percentage of fluid accumulation is calculated by dividing
the cumulative fluid balance in litres by the patient’s
baseline body weight, multiplied by 100% (54). Volume
overload is defined as a fluid accumulation of 10% or
greater (54). Increasing fluid overload induces a vicious
cycle of interstitial oedema and organ dysfunction. There
is now indisputable evidence that volume overload results
in multi-organ dysfunction with adverse patient outcomes
(5,55-59). Due to the curvilinear ventricular pressurevolume relationship, atrial pressures increase rapidly as the
patient reaches the plateau of his/her Frank-Starling curve.
Increased atrial pressure increases pulmonary and venous
hydrostatic pressures which combined with the increased
release of natriuretic peptides, causes a shift of fluid into
the interstitial space with increasing pulmonary and tissue
edema. Tissue oedema distorts tissue architecture, impedes
capillary blood flow and lymphatic drainage, disturbs
cell-cell interactions and impairs oxygen and metabolite
diffusion (60,61). Furthermore, increased right atrial
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pressure (CVP) is transmitted retrograde increasing venous
pressure in vital organs. The increased venous pressure
has profound effects on microcirculatory flow and organ
function (62). The kidney is particularly vulnerable to
increased venous pressure, which leads to increased renal
subscapular pressure and reduced renal blood flow (60). In
addition, increased renal interstitial pressure may collapse
intrarenal collecting lymphatics compromising lymphatic
flow (63). These effects result in oliguria with a marked
decrease in renal function.
Fluid overload can be caused by overly aggressive initial
and on-going fluid resuscitation but also by maintenance
fluid therapy and “fluid creep” (64). Furthermore, the type
of fluid used (hypotonic vs. isotonic) may have an impact
on salt and water retention (65). Fluid overload affects the
function of all the major organ systems. Aggressive fluid
resuscitation has been well established to be a major risk
factor for secondary intra-abdominal hypertension which
in turn is associated with acute kidney injury, hepatic and
respiratory dysfunction, multi-organ failure and death
(66-69). Below is a list of the potential detrimental effects
of fluid overload on end-organ function:
 Central nervous system: impaired cognition, delirium,
increased intracranial, intra-orbital and intra-ocular
pressure, cerebral oedema, intracranial hypertension
and diminished cerebral perfusion pressure.
 Respiratory system: pulmonary oedema, pleural
effusions, increased chest wall elastance, increased
extravascular lung water, hypercarbia, hypoxia,
decreased lung volumes (due to increased
intraabdominal pressure), increased work of breathing,
prolonged weaning with a prolonged duration of
mechanical ventilation.
 Cardiovascular system: myocardial oedema, impaired
contractility with myocardial depression leading to a
reduced ejection fraction and decreased cardiac output
with concomitant diastolic dysfunction and increased
filling pressures.
 Renal system: increased renal venous and interstitial
pressure, decreased renal blood flow and glomerular
filtration rate, increased renal vascular resistance, renal
venous congestion, uraemia, salt and water retention
and renal compartment syndrome.
 Gastrointestinal system: bowel oedema, diminished
hepato-splanchnic perfusion, decreased bowel
motility with ileus and malabsorption, increased
intestinal permeability and bacterial translocation,
ascites formation, increased intra-abdominal pressure
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with and decreased abdominal perfusion pressure,
abdominal hypertension and abdominal compartment
syndrome.
 Hepatic system: diminished liver perfusion, hepatic
venous congestion, transaminitis, decreased hepatic
synthetic function and a hepatic compartment
syndrome.
In patients with sepsis a conservative fluid strategy
will likely improve patient outcomes, by avoiding the
complications listed above (70). To date multiple studies
have been published all demonstrating that aggressive fluid
resuscitation leading to fluid overload is associated with
increased complications and death. Furthermore, there
are no published studies demonstrating that the “underresuscitation” of septic patients leads to worse outcomes,
indeed the opposite is likely true. This is best demonstrated
by the FEAST study, where “no-fluid resuscitation” was
associated with reduced mortality (3). The overwhelming
preponderance of high-quality evidence demonstrates that
septic patients are poorly response to fluid resuscitation and
that overly aggressive fluid administration increases the risk
of death. Furthermore, there is no evidence (apart from
“expert opinion”) to blindly administer a 30m/kg fluid bolus
to septic patients with hypotension or an increased blood
lactate concentration. Such an approach is likely harmful
in most patients and one of the greatest hoaxes of modern
medicine.
Several randomized controlled trials are currently
underway comparing a liberal with a more conservative
approach to fluid resuscitation in patients with septic shock
(NCT03434028, NCT03668236). These trials are rather
unfortunate in that the use a binary approach to fluid
resuscitation. These studies do not stratify patients based
on their fluid responsiveness, left and right ventricular
function, the degree of hemodynamic derangement nor
by the patient’s comorbidities. These factors are essential
to consider in the resuscitation of critically ill patients.
Consequently, these studies are unlikely to inform
the thoughtful clinician on how to best manage fluid
administration in critically ill septic patients.
We believe that the approach to fluid and vasopressor
resuscitation in the critically ill septic patient should
be individualized and based on the patients unique
hemodynamics and clinical features. Blindly following a
simplistic inflexible protocol will inevitably harm patients.
Emerging data suggests that a hemodynamically guided
and conservative approach to fluid therapy in patients with
sepsis will reduce morbidity and improve patient outcomes.
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Furthermore, norepinephrine should be initiated early in
patients with septic shock. Septic patients should receive
just the right amount of fluid and not a drop more. The
requirement for de-resuscitation implies that the patient
was over-resuscitated with fluid in the first instance. We
follow the approach of Dr. Thomas Latta, the father of
fluid resuscitation, who in 1832 “inserted a tube into the
basilic vein and injected ounce after ounce of fluid, closely
observing the patient” (71). We endorse a similar approach
and recommend administering a 500 ml bolus of a balanced
crystalloid solution, closely monitoring the patients’
response to the bolus before contemplating further boluses
of fluid.

2.
3.

4.

5.

6.

Conclusions
Aggressive fluid resuscitation has long been considered the
cornerstone of treatment for septic shock. There is however
no scientific evidence to support this treatment approach,
and indeed the preponderance of evidence suggests that
such an approach is harmful. Potential mechanisms of harm
include cardiovascular collapse associated with vasodilation,
cardiotoxicity and damage to the endothelial glycocalyx.
Furthermore, fluid overload results in widespread tissue
edema leading to organ dysfunction. We suggest that an
individualized, hemodynamically guided and fluid restricted
approach to fluid therapy will improve the outcomes of
patients with severe sepsis and septic shock.
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