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vided in the ICU, is intended to provide temporary

physiologic support for patients with reversible organ
dysfunction allowing homeostatic mechanisms to return the
patients to their previous level of functioning (1). The intro-
duction of the pulmonary artery catheter in the early 70s
ushered in a style of critical care medicine that can best be
characterized as “aggressive”; if some care is good, more care
is even better. Aggressive fluid resuscitation titrated to the
central venous pressure (CVP) or pulmonary artery occlu-
sion pressure became regarded as the cornerstone of resusci-
tation. This approach ushered in an era of rigid protocolized
care, where critically ill and injured patients received large
amounts of crystalloids regardless of their hemodynamic sta-
tus (2—4). However, an emerging body of evidence suggests
that aggressive fluid resuscitation leads to severe tissue edema
that compromises organ function and leads to increased mor-
bidity and mortality (5, 6). A recent global cohort study that
evaluated the approach to fluid resuscitation in 46 countries
concluded that the “current practice and evaluation of fluid
management in critically ill patients seems to be arbitrary...
is not evidence-based and could be harmful.” (7) This article
presents a rational, physiological approach to fluid resuscita-
tion, which is based on six fundamental principles. If one is
considering giving a fluid bolus, I would recommend using
dynamic rather than static measures to assess the patient
according to the principles listed below.

The advanced life support technology, which is pro-
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1. FLUID RESPONSIVENESS: THE
FOUNDATION OF FLUID RESUSCITATION
Fundamentally, the only reason to give a patient a fluid chal-
lenge is to increase their stroke volume (SV); if this does not
happen, fluid administration serves no useful purpose and
is likely to be harmful (8). A patient is considered to be fluid
responsive if his/her SV increases by at least 10% follow-
ing a fluid challenge (usually 500 cc of crystalloid) (8). Fluid
administration will only increase SV if two conditions are met,
namely 1) if the fluid bolus increases the stressed blood volume
causing the mean circulating filling pressure to increase greater
than the increase in CVP and thereby increasing the gradient
for venous return (9, 10) and 2) if both ventricles are function-
ing on the ascending limb of the Frank-Starling curve (8).

Studies in heterogeneous groups of critically ill and injured
patients and those undergoing surgery have reproducibly and
consistently demonstrated that only about 50% of hemody-
namically unstable patients are fluid responsive (5, 11, 12).
This is a fundamental concept that is not widely appreci-
ated (2, 3, 13) and challenges the widely accepted notion that
fluid administration is the “cornerstone of resuscitation.”
(2, 3) These observations dictate that only patients who are
fluid responsive should be resuscitated with fluid boluses. This
concept represents a major paradigm shift and places ‘fluid
responsiveness” center stage in the management of critically ill
and injured patients and those undergoing surgery.

2. CLINICAL SIGNS, THE CHEST
RADIOGRAPH, THE CVP, AND
ULTRASONOGRAPHY CANNOT BE USED TO
DETERMINE FLUID RESPONSIVENESS
Although clinical signs, such as a hypotension, tachycardia,
narrow pulse pressure, poor skin perfusion, and slow capil-
lary refill, may be helpful for identifying inadequate perfu-
sion, these signs are unable to determine volume status or fluid
responsiveness (14). The CVP or change in CVP following a
fluid challenge is no more accurate in predicting fluid respon-
siveness than flipping a coin and should be abandoned for this
purpose (11). It should also be recognized that the change in
the mean arterial pressure (MAP) following a fluid bolus is
poorly predictive of fluid responsiveness (12, 15). Although
widely recommended (4), ultrasonography of the vena cava
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and its respiratory variation are no more predictive than the
CVP for assessing fluid responsiveness (16). Echocardiogra-
phy has limited utility for assessing volume status and fluid
responsiveness. Transthoracic measurements of left ventricular
outflow tract velocities (VTI) for the estimation of SV require
considerable expertise and are not easily obtainable or repro-
ducible in ICU patients (17). Furthermore, the VTI is not ideal
for detecting rapid changes in SV following a passive leg raising
(PLR) maneuver or fluid challenge.

3. THE PLR MANEUVER PLR OR A FLUID
CHALLENGE COUPLED WITH REAL-TIME

SV MONITORING IS THE ONLY ACCURATE
METHOD FOR DETERMINING FLUID
RESPONSIVENESS

Currently, there are only two techniques that are widely avail-
able, practical, easy to perform, and physiologically based,
which can be used to determine fluid responsiveness with a
high degree of accuracy, namely, the PLR maneuver and the
fluid challenge (8, 18). These techniques are best coupled with
minimally invasive or noninvasive cardiac output monitors,
which can track changes in SV dynamically and in real time
(8, 19). The PLR is simple to perform taking less than 5 min-
utes to complete. Beyond its ease of use, this method has the
advantage of reversing its effects once the legs are returned to
the horizontal position (18). A metaanalysis, which pooled
the results of 21 studies, confirmed the excellent diagnostic
value of the PLR to predict fluid responsiveness in critically ill
patients with a global area under the receiver operating char-
acteristic curve of 0.94 (12). The gold standard to determine
fluid responsiveness is the change in SV following a fluid
challenge (8). As crystalloids redistribute very rapidly, the
fluid bolus should be given as quickly as possible and ideally
within a 10-15 minute period. A bolus of between 200 and
500 cc is recommended. Large fluid boluses of 20-30 mL/kg,
although still widely recommended (3, 4), are unphysiologic
and likely to lead to marked volume overload with severe tis-
sue edema (5, 6).

4. THE HEMODYNAMIC RESPONSETO A
FLUID CHALLENGE IS USUALLY SMALL AND
SHORT LIVED

Fluid boluses are most frequently administered to patients with
hypotension (7). However, it is not widely recognized that the
hemodynamic response to a fluid challenge is usually small and
short lived. Nunes et al (20) evaluated the duration of the hemo-
dynamic effect of a fluid bolus in patients with circulatory shock.
In this study, 65% of patients were fluid responders whose car-
diac index increased by 25% at the end of the infusion (30 min).
However, the cardiac index had returned to baseline 30 minutes
after the end of the infusion. Glassford et al (21) performed a
systematic review that examined the hemodynamic response
of fluid boluses in patients with sepsis. These authors reported
that although the MAP increased by 7.8 £3.8 mm Hg immedi-
ately following the fluid bolus, the MAP had returned close to
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baseline at 1 hour with no increase in urine output. In a retro-
spective analysis of the ARDSnet Fluid and Catheter Treatment
Trial, Lammi et el (22) examined the physiological effect of 569
fluid boluses in 127 patients. According to the protocol, fluid
challenges were given for hypotension or oliguria. In this study,
the MAP increased by 2mm Hg following the bolus with no
increase in urine output. These data indicate that fluid boluses
are generally an ineffective treatment strategy for hypotension,
circulatory shock, and oliguria.

5. FLUID RESPONSIVENESS DOES NOT
EQUATE TO THE NEED FOR FLUID BOLUSES
Most healthy humans are normally fluid responsive and func-
tion on the ascending limb of the Frank-Starling curve; they
have preload reserve and do not require fluid “to live” on the
flat part of the curve to function optimally. Similarly, critically ill
and injured patients and those undergoing surgery do not need
to be pushed to the top of their Frank-Starling curve. Patients
should only receive a fluid bolus if they are preload responsive
and likely to benefit from the fluid bolus, that is, the potential
benefits and risk should be evaluated prior to each fluid bolus.
Patients should only continue to receive fluid boluses if the
hemodynamic benefits are likely to outweigh the risks of an
accumulating positive fluid balance. Patients should not receive
repeated fluid boluses until they are no longer fluid responsive.
As patients “ascend” the Frank-Starling curve, the adverse effects
begin to outweigh the benefits as atrial pressures increase with
increasing release of natriuretic peptides and increasing hydro-
static edema (Fig. 1). Because of the small and short lived effect
of a fluid bolus, it may be preferable to treat the fluid responsive
septic patient with norepinephrine (23). Norepinephrine will
increase venous return, SV, and MAP, thereby increasing organ
perfusion while limiting tissue edema (23).

EVLW

1
I
I
1
]
1
!
/

SV

Large increase in EVLW
Large inc in filling pressures

. 0
Sepsns' R4
-

- . .
s Small increase in CO

Large increase in CO
Small increase in EVLW

Small increase in filling pressures
Inc.gradient between MCFP and CVP

Preload

Figure 1. Superimposition of the Frank-Starling and Marik-Phillips
curves demonstrating the effects of increasing preload on stroke volume
(SV) and lung water in a patient who is preload responsive (a) and
nonresponsive (b). With sepsis, the extravascular lung water (EVLW) curve
is shifted to the left. CO = cardiac output, CVP = central venous pressure,
MCFP = mean circulating filling pressure. Reproduced with permission
from Marik and Lemson (24).
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6. AHIGH CVP IS A MAIOR FACTOR
COMPROMISING ORGAN PERFUSION

Organ blood flow is driven by the difference in the pressure
between the arterial and venous sides of the circulation. The MAP
minus the CVP is the driving force for organ blood flow. However,
when the MAP is within an organ autoregulatory range, the CVP
becomes the major factor determining organ and microcirculatory
(5). The kidney is particularly affected by increased venous pres-
sure, which leads to increased renal subcapsular pressure and low-
ered renal blood flow and glomerular filtration rate (25). Legrand
et al (26) demonstrated a linear relationship between increasing
CVP and acute kidney injury (AKI), with a high CVP being the
only hemodynamic variable independently associated with AKI. In
critically ill patients and those with heart failure, a CVP of greater
than 8 mm Hg has been demonstrated to be highly predictive AKI.
There are now compelling data that the primary hemodynamic
goal in critically ill and injured patients and those undergoing sur-
gery is an MAP of greater than 65mm Hg and a CVP of less than
8 mm Hg. Remarkably, this CVP target contradicts current guide-
lines that recommend targeting a CVP of greater than 8 mm Hg
(3,4). Furthermore, fluid loading oliguric patients with alow CVP
with the goal of achieving a CVP of greater than 8 mm Hg may
paradoxically increase the risk of progression to AKI.

CONCLUSIONS

Fluid resuscitation is the defining skill of intensivists, emer-
gency medicine physicians, surgeons, and anesthesiologists, yet
many of these clinicians have a poor understanding of the fun-
damental principles involved in fluid administration resulting
in conflicting, inconsistent, and potentially harmful treatment
strategies. Fluid administration should be guided by an assess-
ment of fluid responsiveness combined with the determination
of the potential benefits and harms of fluid administration.
Large fluid boluses should be avoided.
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