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Abstract

Acute pancreatitis (AP) is a frequent disease with de-
grees of increasing severity responsible for high mor-
bidity. Despite continuous improvement in care, mortal-
ity remains significant. Because hypovolemia, together
with microcirculatory dysfunction lead to poor outcome,
fluid therapy remains a cornerstone of the supportive
treatment. However, poor clinical evidence actually
support the aggressive fluid therapy recommended in
recent guidelines since available data are controversial.
Fluid management remains unclear and leads to cur-
rent heterogeneous practice. Different strategies may
help to improve fluid resuscitation in AP. On one hand,
integration of fluid therapy in a global hemodynamic re-
suscitation has been demonstrated to improve outcome
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in surgical or septic patients. Tailored fluid administra-
tion after early identification of patients with high-risk
of poor outcome presenting inadequate tissue oxy-
genation is a major part of this strategy. On the other
hand, new decision parameters have been developed
recently to improve safety and efficiency of fluid thera-
py in critically ill patients. In this review, we propose a
personalized strategy integrating these new concepts in
the early fluid management of AP. This new approach
paves the way to a wide range of clinical studies in the
field of AP.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Fluid therapy is a cornerstone of the early
supportive treatment of acute pancreatitis. However,
poor clinical evidence actually support the aggressive
fluid therapy recommended in recent guidelines since
available data are controversial. In this review, based
on our experience of fluid management in the critically
ill patients, we propose a tailored fluid administration
relying on the individual benefit to risk balance, as a
part of a global goal-directed hemodynamic strategy.
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INTRODUCTION

The incidence of acute pancreatitis (AP), currently rang-
ing from 13 to 45/100000 per year, increases steadﬂym,
making AP the first gastro-intestinal cause of hospi-
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talization in the United States. Persistent organ failure
occurring in the first few days is the main determinant
of severity and defines severe AP, Despite early man-
agement, in-hospital mortality of these patients, around
30%, remains high'.

Due to numerous mechanisms, hypovolemia is a well-
recognized risk factor of poor outcome in patients with
APY, During severe AP, an uncontrolled inflammatory
response alters endothelial functions leading to vasodila-
tion, capillary leakage and edema. Together with vomit-
ing, ascite or ileus, this vascular dysfunction promotes
hypovolemia and acute circulatory failure. Circulatory
dysfunction leads to tissue hypoperfusion, ischemia and
subsequently to self-sustaining disease with persistent
pancreatic injury, extra-pancreatic tissue damage and or-
gan failures™.

Despite better knowledge of its pathophysiology[m,
treatment of AP remains mostly supportive'”. Rapid fluid
perfusions, so called fluid loading or volume expansion
are a cornerstone of AP management. Fluid loading
allows rapid correction of hypovolemia, and efficient
prevention of circulatory dysfunction[()]. Nevertheless,
if appropriate fluid resuscitation prevents worsening of
pancreas injury and development of organ failures, it may
lead to poor outcome when excessive or insufficient""".
Because of potential adverse effects, fluid resuscitation
should therefore be cautiously administered in accor-
dance with relevant evidence.

OPTIMIZING FLUID RESUSCITATION

IN ACUTE PANCREATITIS: WHAT IS
RECOMMENDED? WHAT IS CURRENTLY
DONE?

When taking care of patients suffering from AP, it is
strongly recommended to immediately assess hemody-

namic status and begin resuscitative measures' . Early and
aggressive fluid resuscitation is usually recommended and
seems to reduce morbidity and mortality™"”.

Early resuscitation refers mostly to fluid loading
within the first 24 h of management™™, Aggressive re-
suscitation is a liberal strategy of fluid administration to
reach predetermined endpoints. In the latest guidelines,
aggressive fluid therapy is defined as the administration
of 250-500 mL per hour to all patients, except for those
suffering from cardiovascular, renal and other comorbid
conditions. Moreover, in case of suspicion of severe
volume depletion, additional fluids are recommended.
Proposed endpoints for guiding fluid therapy are mostly
based on clinical parameters [arterial blood pressure,
heart rate (HR) and urinary output (UO)], blood urea
nitrogen (BUN)™"! hematocrit changes at 12-24 h af-
ter admission, and optionally central venous pressure
(CVP)™?!, Finally, based on these endpoints, reassess-
ment of fluid requirement is advised every 6 h within the
first 24 to 48 h.

Nevertheless, there is poor consistent evidence to
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support such fluid strategy”. Recommendations are
based on moderate levels of evidence, since studies ate
mostly observational with conflicting results®”. As a re-
sult, current practice shows great heterogeneity, with vari-
ous attitudes regarding fluid administration and chosen
endpoints. In a recent New Zealand survey, physicians
declared using aggressive fluid therapy in AP with organ
failure. More than 70% of physicians estimated giving
more than 4 L of fluids in patients with severe AP dur-
ing the first 24 h after hospital admission. In theory, fluid
administration as recommended might lead to an amount
of about 6-12 . of fluids during the first 24 h"*", How-
ever, aggressive fluid therapy as routinely performed
corresponds to an average of 4.5 L. of fluid over the first
24 H* against 3.5 L. for non-aggressive therapy. In the
same survey, fluid loading was mostly guided by UO, HR,
blood pressure, hematocrit, BUN and lactate, even if the
latter is not mentioned in the recommendations.

This explains the current controversy in the litera-

ture about necessary fluid volume, adequate timing and
[5.

endpoints to achieve 1 Moteover, some studies rather
support restrictive strategies and report a positive im-
pact on mortality™ ', Indeed, aggressive fluid loading
may be detrimental, not only for patients suffering from
AP but more generally when any significant fluid
therapy is needed™ "1 The failure to clearly
demonstrate the superiority of one fluid strategy over
another may come from the great variability of individual
response to volume expansion and the specific hemo-
dynamic status of each patient at a given time. Conse-
quently, aggressive therapy may be appropriate for some
patients and deleterious for others.

New methods allowing better hemodynamic and fluid
management have been developed over the last 15 years.
These strategies aim to restore specific hemodynamic pa-
rameters with an individualized management named “eatly
goal-directed therapy”, in which fluid expansion takes
a major part. The first step of this method is to clearly
determine the specific population to which it should be
applied. The second step is to assess tissue perfusion
and oxygenation goals to be achieved. The last step is to
choose the appropriate therapy in order to reach these
predetermined goals. Fluid management then becomes
part of a global hemodynamic strategy that has proved to
be valuable in high-risk surgical patients and severe sep-
sis''**. Understanding how hemodynamic criteria can be
used to guide fluid therapy in these patients would help

improving care and research in the field of AP

GLOBAL HEMODYNAMIC
RESUSCITATION: THE EARLY

GOAL-DIRECTED THERAPY

Early goal-directed therapy (EGDT) is an aggressive,
time-sensitive and individualized approach of global
hemodynamic management. It is started within the very
first hours after admission, before the occurrence of per-
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Table 1 Diagnostic criteria for acute pancreatitis with high risk of poor outcome

Hospitalization
setting

Ciriteria for high risk of poor outcome

Organ or system dysfunction

Severe AP:
Persistent organ or system dysfunction (> 48 h)
Risk factors for severe AP:

Intensive care

Organ or system dysfunction (< 48 h) intensive care
Lactate >3 mmol/L

Persistent SIRS' (> 24 h)

Pancreatic necrosis

Pleural effusion or pulmonary infiltrates

BUN > 20 mg/dL or rising BUN

Hematocrit > 40% or rising hematocrit

Age > 55 yr or comorbid disease or obesity

Cardio-vascular: SAP < 90 mmHg despite 20-30 mL/kg fluid loading

Respiratory: PaO2 < 60 mmHg

Intermediate or Renal: Creatinine = 2 mg/dL or UO < 0.5 mL/kg of body weight/h for 1 h, despite

20-30 mL/kg fluid loading

Hematological: Platelet count < 80000/ mm® or decrease > 50% of initial platelet count
Metabolic: pH < 7.30 or base deficit = 5.0 mmol/L in association with lactate > 3

mmol/L Gastro-intestinal:
Gastro-intestinal bleeding (> 500 mL/24 h)
Neurological: Altered mental status

'SIRS is defined by the presence of = 3 of the following criteria: Pulse > 90 beats/min, Respirations > 20/min or PaCOz < 32 mmHg, Temperature > 38 ‘C
or < 36 'C, WBC count > 12000 or < 4000 cells / mm’ or > 10% immature neutrophils. AP: Acute pancreatitis; BUN: Blood urea nitrogen; PaCOz: Partial
pressure of carbon dioxide in arterial blood; PaOz: Partial pressure of oxygen in arterial blood; SAP: Systolic arterial pressure; SIRS: Systemic inflammatory

response syndrome; UO: Urinary output; WBC: White blood cell.

sistent organ failure that it aims to prevent 7,

This strategy arises from the finding that early ag-
gressive therapy in acute diseases such as stroke, trauma
or acute myocardial infarction improves mortality and
¥1. EGDT has been conceived for optimizing
treatment when tissue oxygenation is impaired by hemo-

outcomes

dynamic failure. It is a multifaceted strategy aiming to
adjust oxygen delivery to oxygen consumption¥, The
concept of a global hemodynamic strategy guided by
oxygen transport variables was first proposed in 1983 for
high-risk surgical patients™. EGDT as a time-sensitive
method has been initially applied to patients suffering
from severe sepsis and septic shock™, then in all patients
with elevated lactate level, regardless of etiologym]. It
also has been proposed for perioperative management
of patients undergoing major surgery, like cardiovascular
or gastro-intestinal surgeries™ >, In these populations,
EGDT is a now widely performed strategy that reduces
morbidity, mortality and healthcare resource consump-
tion™?"*. Although no human trial evaluated such strat-
egy in AP, most patients suffering from AP share similar
pathophysiology, risk factors and severity with patients
in whom this approach has been studied. Thus, even
though clinical studies are needed to allow transposition
to AP, EGDT may be suitable for this severe disease in
the course of which many rapid hemodynamic changes
can happen™",

Immediate identification on admission of patients
requiring EGDT based on the evaluation of the patient
severity and potential outcome constitutes the very first
step of the strategy. In severe sepsis and septic shock,
EGDT is performed when patients present persistent
hypotension with systolic blood pressure < 90 mmHg
after a volume expansion of 20-30 mL/kg over a 30-min
period or hyperlactatemia > 4 mmol/L!", Tn their study,
Jansen et al"™” performed EGDT for every patient with
lactatemia > 3 mmol/L on admission to the ICU. When
included, patients were stratified into four groups: sepsis,
neurologic, cardiac arrest and other nonsepsis, which ac-
counted for 38% of the inclusions. Even though the au-
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thors did not mention whether some AP were included,
these patients frequently meet these inclusion criteria.

Twenty petcent of patients will develop moderately
severe to severe AP®" characterized by the presence of
either local or systemic complication, or organ failures.
The resolution of organ failures in the first two days
defines moderately severe AP. This group has prolonged
hospitalizations and requires ICU care in 50% of cases,
but maintains a mortality rate similar to the mild AP
group™. Persistent organ failure is the main determinant
of severity in AP and defines severe AP. Eighty percent
of patients with severe AP will stay in the ICU. As pa-
tients with severe AP are at high risk of poor outcome,
patients with high risk of severe AP would be considered
at risk of poor outcome too. Despite the lack of reli-
able markers for early prediction of AP severity, several
indices have been proposed"”. Thus, along with refrac-
tory hypotension and elevated lactatemia, established risk
factors for severe AP might be good candidates for eatly
detection of patients at risk of poor outcome (Table 1).
Nevertheless, further studies are needed to determine
the most suitable parameters for eatly identification of
at risk-patients in whom EGDT would be needed in this
setting,

For those pre-selected patients, optimization of pa-
rameters reflecting tissue perfusion and oxygenation
remains the major goal to achieve during severe sepsis
and high-risk surgery. Thus, essential determinants or es-
timates of oxygen delivery are assessed step by step and
corrected if needed.

In order to monitor and optimize microcirculatory
function, HR and mean arterial pressure (MAP) are mainly
used. As tachycardia remains a clinical sign of circula-
tory failure therapeutic strategy aims to lower HR under
100 beats/min. MAP, reflecting effective organ perfusion
pressure, has to be maintained above 65 mmHg"".

Microcirculatory function, finally ensuring tissue per-
fusion, can be estimated by lactate level and uor»,
Lactate level increases when aerobic cellular respiration
is impaired and switched towards anaerobic metabolism.
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UQ, in roughly reflecting glomerular perfusion, provides
valuable information on general tissue perfusion. Both
are good clues to evaluate tissue perfusion even if not
entirely specific. For instance, lactate levels can possibly
increase in rare metabolic diseases or when liver failure
occurs. UO can be altered during organic renal failure,
independently of hemodynamic disorders*'!. Similarly,
mottling score, reflecting skin hypoperfusion can also be
helpful to estimate global tissue perfusion[42’43]. EGDT
aims to normalize lactate level and Jansen and al. targeted
a 20%-decrease every two hours' Therapeutic interven-
tion also aims to maintain UO over 0.5 mL/kg per hour
and make mottling disappear.

The balance between oxygen delivery (DO2) and sys-
temic oxygen consumption (VOz) is approached by mea-
surement of central venous oxygen saturation (ScvO2).
Its measurement can be easily performed on a blood
sample taken from a central venous catheter inserted in
the superior vena cava territory. SvO2 depends on global
oxygen transport and tissue oxygen extraction and con-
sumption as can be seen in the modified Fick equation:
SvO2 = Sa02 - [VO2 /(CO X Hb X 1.34)] where SaO2
represents arterial oxygen saturation, CO cardiac output
and Hb hemoglobinm. Each parameter described previ-
ously should be optimized to reach an ScVOz2 level >
70%, associated with a normal lactate level. Importantly,
when ScVOz is superior to 70% but lactate level remains
high, the presence of microcirculatory dysfunction with
oxygen extraction impairment leading to petsistent tissue
hypoxia despite adequate oxygen transport should be sus-
pected.

To carry out this step-by-step strategy, patients should
be closely monitored. Together with standard monitoring
of vital signs, specific devices including central venous
catheters and urinary catheters have to be implemented
when patients meet severity criteria. EGDT is then imple-
mented during the first 6-8 h of the patient’s manage-
ment. Previously described endpoints should be closely
and regularly checked to assess treatment efficiency. For
instance, Rivers ¢z al'¥ checked endpoints every 30 min.
Jansen ef al” measured blood lactate level together with
other chosen endpoints every two hours.

Global hemodynamic goals are achieved by numerous
treatments (e.g., fluids, red blood cell transfusion, oxygen,
ventilation, analgesics, sedatives, antipyretics, vasocon-
strictors, vasodilators and cardiac treatments) depending
on the presence of hypovolemia, anemia, low SaOz, va-
soplegia and cardiac dysfunction. In this global approach,
fluid therapy plays an early and major role (Figure 1).
A rigorous management of fluid loading is essential to
succeed in reaching endpoints and requires simple but
adequate guiding tools.

MANAGEMENT OF FLUID
RESUSCITATION: A CORNERSTONE OF
THE EARLY GOAL-DIRECTED THERAPY

The clinician’s major concerns are to assess for each
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fluid prescription whether fluid infusion would improve
the patient’s hemodynamics and organ perfusion, with
minimal risk of adverse effect. Three situations can be
encountered. The first one is a patient with undisputed
need for volume expansion, presenting obvious hypo-
volemia with a clearly identified etiology. For instance
patients with severe AP or sepsis at the very beginning
of the treatment are very likely hypovolemic and usu-
ally receive 20-30 mL/kg of fluids within the first 60-90
min. In this case, the benefit to risk balance is obvious.
The second situation is obvious fluid overload such as
a patient with congestive heart failure and acute pulmo-
nary edema for whom volume expansion would cleatly
be deleterious. The last situation concerns patients with
hemodynamic impairment for whom volume expansion
represents a major therapeutic option, but with uncertain
benefit to risk balance. This remains the most frequently
encountered case for which specific tools have been cre-
ated. Indeed, when only based on clinical parameters (e.g.,
mottling, HR, blood pressure or UO), barely one half
of the critically ill patients will respond positively to fluid
loadingw. Because of the potential adverse effects of
inappropriate fluid perfusions“(LMAQ, tools intended to as-
sess and predict the effects of fluid loading may be help-
ful to guide fluid therapy and improve patients outcome.

When applied in practice, EGDT leads to differ-
ences in patients’ fluid management. Rivers and al. found
that a greater amount of fluid was given to the EGDT
group compared with the standard group in the first 6 h
(4981 mL »s 3499 ml; P < 0.001), even though the total
amount of fluid over the first 72 h was similar (13443
mL »s 13358 mL; P = 0.73). As a result, a 30% decrease
in hematocrit associated with a larger amount of transfu-
sion of red blood cells was observed in the EGDT group
compared with standard care in the first 6 h*". As the
beneficial effect of this strategy is based on the adapta-
tion of hemodynamic management on tissue oxygen-
ation, there is still a lack of evidence concerning the best
tools to use for guiding fluid resuscitation.

Assessing fluid responsiveness: fluid challenge

Fluid challenge (FC) intends to assess a patient’s fluid
responsiveness during a volume expansion test. First
described by Weil and Henning"”, FC is a titrated ad-
ministration of 50-200 mL of fluid over a 10 min in-
terval, with a concomitant close monitoring of patient’s
cardiovascular response. Fluid responsiveness is defined
by a fluid-induced increase in stroke volume (SV), or in
CO as the product of SV by HR. A positive response
is considered when fluid loading leads to an inctease in
SV = 10%-15%"". Indeed, if optimization of systemic
hemodynamics and tissue perfusion remains the ultimate
goal of fluid therapy, increase in SV is considered as a
prerequisite to achieve it'"”. FC is the reference standard
method to distinguish responders from non-responders
to fluid loading[w. Current international guidelines rec-
ommend 250-1000 mL of crystalloids or 250-500 mL of
colloids over 15-30 min, repeated after reassessment until
endpoints are achieved”**",

November 21, 2014 | Volume 20 | Issue 43 |



Bortolotti P et a/. Fluid resuscitation in acute pancreatitis

[ AP with high risk of poor outcome?

YES

Inadequate tissue oxygenation?

»MAP < 65 mmHg > Lactate > 3 mmol/L

>HR > 100 bpm
»ScV0:2 < 70 %

> Mottling

> UO < 0.5 mL/kg per hou}

Consider other
supportive therapies

[ N

» Red Blood Cell transfusion

YES

» Oxygen
» Mechanical ventilation

High risk of fluid overload?

» Analgesics, sedatives
> Antipyretics

» Acute lung injury
» Renale failure
» Cardiac dysfunction

» Vasoconstrictors
» Vasodilators
> Cardiac treatments

Fluid challenge

Benefit/risk of fluid challenge?

(250-500 mL of crystalloid or colloid over 15-30

min, AND fluid responsiveness assessment)
4 FC efficient but unsufficient )

» Ain SV or PP during FC

Benefit > Risk

» in SV or PP during PLR
» CVP < 4 mmHg

» & CVP < 2 mmHg during FC
Inadequate tissue oxygenation )

Risk > benefit

» No 2 in SV or PP during FC

L

1 FC efficient and sufficient h > No @ in SV or PP during PLR
» Adequate tissue oxygenation

.

4 FC unefficient )

» & in CVP > 5 mmHg during FC

> . f
& Inadequate tissue oxygenation /

Figure 1 Suggested algorithm for fluid management in acute pancreatitis. AP: Acute pancreatitis; MAP: Mean arterial pressure; HR: Heart rate; ScvO2: Central
venous oxygen saturation; UO: Urinary output; SV: Stroke volume; PP: Arterial pulse pressure; PLR: Passive leg raising; CVP: Central venous pressure; FC: Fluid

challenge.

When performed in anesthesiology, where invasive
monitoring techniques such as trans-esophageal Doppler,
esophageal echocardiography or thermodilution enable
continuous assessment of CO, fluid infusion is contin-
ued as long as CO increases™”". However, continuous
CO measurement is often not available for non-surgical
patients. In that case, noninvasive measurement of SV
before and after FC with transthoracic echocardiography
is a relevant parameter to estimate fluid responsivenessmj.

If SV monitoring cannot be performed, blood pres-
sure derived indexes may help to predict fluid respon-
siveness. Indeed, fluid-induced changes in arterial pulse
pressure (PP) are correlated to some extent to changes in
SV, Monnet ¢ af™ found that a fluid-induced increase
in invasive PP over 17% attested of fluid responsiveness
with a sensitivity of 65% and a specificity of 85%. Lakhal
et al”” showed that an increase beyond 23% for invasive
PP, or 35% for noninvasive PP reliably predicted fluid re-
sponsiveness. On the opposite, fluid responsiveness was
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unlikely under 5% of PP change. Nonetheless, the large
range of inconclusive results (ie., 5%-17% of changes in
PP) represents a major limit of this method.

In parallel, dynamic analysis of CVP can be moni-
tored as an indicator of safety limits"***. CVP is com-
monly used as an estimation of cardiac preload at the
bedside. Preload is defined as the load in cardiac cham-
bers present before isovolumetric ventricular contraction
has started. It represents the stress exerted on ventricular
walls in end diastole. Venous return is a major determi-
nant of preload and is mostly dependent on volemia.
Thus, hypovolemia decreases preload whereas volume
expansion increases it. Described by Frank and Starling,
there is up to a certain limit a positive relationship be-
tween end-diastolic ventricular load and systolic SV, called
preload—dependenceHSJ. In that case, fluid administration
leads to a large increase in SV while CVP remains stable
or presents only a minimal increase. Preload-dependence
is thus associated with a positive response to volume ex-
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Positive Negative
fluid fluid
response response

SV

Small increase ¢
in SV

Large increase T
in SV

—

—
Small increase Large increase ~ CVP
in CVP in CVP

Figure 2 Schematic representation of central venous pressure/stroke
volume of normal (solid line) and failing heart (dotted line). When the heart
is fluid responsive, a fluid challenge induces a large increase in stroke volume
(SV) and a small increase in central venous pressure (CVP). When the heart is
fluid unresponsive, a fluid challenge induces a small increase in SV and a large
increase in CVP. In contrast, there is no reliable threshold of CVP that can be
used in current practice to predict a positive or negative response to fluid load-
ing. This threshold depends mostly on the cardiac function at the time of fluid
infusion.

pansion. However, beyond a certain individual threshold,
an increase in preload does not increase SV anymore,
which corresponds to a preload-independence state.
For those patients, fluid administration leads to poor SV
improvement but consistent increase in CVP with high
risk of fluid overload (Figure 2). Subsequently, volume
expansion-induced changes in CVP have been proposed
as a safety limit of FC* As long as changes in CVP re-
main below 2 mmHg FC is continued until hemodynamic
endpoints are fulfilled. For an increase in CVP ranging
from 2-5 mmHg, fluid infusion should be stopped for a
while then restarted. Over a 5 mmHg increase, FC should
be stopped. The time interval to assess filling pressures
and fluid responsiveness was every 10 min in the initial
description. However, with the availability of continuous
vital signs monitoring, the intervals may be extended to
30 min.

FC allows a prompt correction of fluid deficit, with a
shorter duration of hypovolemia and organ hypoperfu-
sion, compared with a protracted fluid infusion strategy
over 12 h or more™. FC only requires a central venous
catheter to control safety limits, together with conven-
tional monitoring of vital signs and CO if available (Figure
1). Nevertheless, this strategy, although approved by ex-
perts and routinely used in intensive care has never been
confirmed by a prospective controlled trial®. In addition,
despite close monitoring, the effect of fluid infusion is
retrospectively assessed, and the repetition of FC might
lead to fluid overload. Such risk remains a major concern
for patients with AP, as they present an increased risk of
acute lung injurym. Therefore, fluid responsiveness should
ideally be estimated before fluid is administered to avoid
ineffective or deleterious fluid administration for patients
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with uncleatr benefit to risk balance, such as those who de-
velop pulmonary, cardiac or renal dysfunction ">, New
parameters aiming to predict fluid responsiveness have
been developed to this end.

Predicting fluid-responsiveness: preload and preload-
dependence

The ultimate goal of tools aiming to predict fluid-respon-
siveness is to find where individual ventricular hemody-
namic status is located on the Franck-Starling curve (Figure
2). In other terms, indexes predicting fluid responsiveness
are assessing cardiac preload—dependenceﬁs]

Based on aforementioned physiological concepts, one
could postulate that low preload values are more likely to
be associated with preload-dependence and conversely
for high preload values. However, several studies show
that this assertion is not true. When CVP or pulmonary
artery occlusion pressure (PAOP) are used as estimates
of cardiac preload, they usually fail to predict fluid re-
sponsiveness'™”), This can easily be understood because
Franck-Statling curve is specific to each patient[45]. Thus,
there is no way to know whether a single absolute CVP
or PAOP level corresponds to a preload-dependence
or -independence zone™ (Figure 2). Even for extreme
values of CVP or PAOP, there is no reliable threshold
that can be used in current practice to predict a positive

45,59
1591, However,

or negative response to volume expansion
preload evaluation, and particularly CVP measurements
are still recommended in hemodynamic management
algorithms for several reasons’ V. First, it is easy to assess,
only requiring a central venous catheter. Second, as de-
tailed above dynamic analysis of CVP is still valuable in
evaluating FC response. Eventually, CVP values standing
below 4 mmHg, even if not predictive of fluid respon-
siveness, ensure safe fluid loading with little risk of over-
filling™**" (Figure 1).

Consequently, indexes predicting fluid-responsiveness
focus on preload-dependence rather than preload assess-
ment"”, Passive leg raising (PLR) maneuver is an easy
maneuver that mimics volume expansion by shifting
venous blood from the lower limbs and the splanchnic
vessels toward the intrathoracic vessels™. Thus, PLR
leads to a rapid and reversible increase in cardiac preload
and subsequently in SV in case of preload dependence.
To be efficient, PLR maneuver has to be performed as
follows'*”: the patient’s baseline position is lying down on
a bed, half-sitting in semirecumbent position, with a 45°
angle between trunk and lower limbs, which are horizon-
tal. Then, a 45° bascule of the bed should be done, so
that the trunk becomes horizontal and the lower limbs
rise up. Impact of the maneuver appears within the first
minute, while the hemodynamic measurements are re-
corded. PLR mimics an approximate 300-450 mI FC***,
A close correlation is observed between changes in SV
measured with TTE or esophageal Doppler, after PLR
and after a 500 mL of fluid loading in critically ill patients
with sepsis or acute pancreatitis””**”, When considering a
recent meta-analysis enrolling 9 clinical studies that evalu-
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ated the accuracy of PLR to predict fluid responsive-
ness, a PLR-induced change in SV superior to 8%-15%
predicted fluid responsiveness with a sensitivity of 89%
and specificity of 91%"!, When considering PP as a sur-
rogate of SV, a PLR-induced change in PP > 9%-12%
predicts fluid responsiveness with sensitivity of 60%
and a specificity of 86% (Figure 1). The main limit of
the PLR technique is the presence of intra-abdominal
hypertension. Indeed, in ventilated critically ill patients,
Mahjoub ez /™ showed that PLR failed to predict fluid
responsiveness when intra-abdominal pressure exceeded
16 mmHg due to false negatives. As demonstrated by
Kitano e# al™”, Takata ez al”" when intra-abdominal pres-
sure exceeds right atrial pressure, the inferior vena cava
collapses and impairs venous return. The PLR-induced
change in cardiac preload is decreased making the PLR
7 As intra-abdominal hyperten-
sion is a common complication of AP, intra-abdominal

maneuver inefficient

pressure should be measured before using PLR.

Other indexes based on heart-lung interactions have
also been developed. However, they are only validated for
mechanically ventilated patients under strict conditions
of sedation, ventilation and cardiac rhythmm]. Because
the proportion of patients requiring mechanical ventila-
tion during AP remains very low, with specific multidisci-

P9 these parameters

plinary management in intensive care
are not discussed in this review. In spontaneously breath-
ing patients, respiratory variations in inferior vena cava
diameter or PP are still in developmentmm. As existing
data were not confirmed in large population studies, and
as most of them didn’t include patients with AP, the use
of such parameters in spontaneously breathing patients
with AP seems hazardous and yet to be validated.

The impact of fluid therapy based on preload-depen-
dence parameters has been evaluated in studies involving
surgical patients””". When compared with liberal or
preload-based fluid administration, the use of preload-
dependence parameters drives to a decrease in lactate
level, perioperative complications and time to discharge.
Interestingly, this strategy leads either to a greaterm’m or
" amount of fluid compared with the control
group. These results suggest that the efficiency of such
strategy comes from volume expansion adjustment to
patient’s needs rather than from the total amount of fluid
administered. Patients involved in these studies were me-

to a lesser

chanically ventilated and no similar trial exists in sponta-
neously breathing patients. Moreover, there is a great lack
of data in patients with AP. Nevertheless, a recent study
performed on anesthetized pigs with experimental AP
compared a fluid therapy based on preload-dependence
indexes to a CVP-based strategy. The fluid therapy guid-
ed by preload-dependence parameters increased survival
(29.4% »s 11.8%; P < 0.05) by preventing microcircula-
tion dysfunction, pancreatic damages and pulmonary
edema. These results are concordant with human findings
described just before, and confirm the inability of CVP
to guide fluid therapym‘. These encouraging data might
open the way to further research in humans with AP.
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CONCLUSION

Adopting an individualized early goal-directed strategy
seems very promising to optimize fluid resuscitation in
patients with AP. However, since AP has specific patho-
physiology, evolution, complications and outcome, fur-
ther studies ate required to provide a suitable algorithm.
The first step will be to define parameters allowing early
identification of patients needing EGDT, notably those
at risk to develop severe or necrotizing AP. Among pa-
rameters previously described in the literature, elevated
lactate level and refractory hypotension could be good
candidates. The second step is to cleatly define ultimate
goals of hemodynamic resuscitation reflecting tissue

perfusion and oxygenation. If those are not achieved,
EGDT should immediately be implemented and cat-
ried on until adequate systemic perfusion is restored.
Close reassessment of initial endpoints has to be per-
formed every 30 min to readjust treatment without delay.
Because volume expansion plays a major role in this
strategy, fluids should be administered eatly. Inadequate
fluid replacement can occur when guided on clinical pa-
rameters alone, static preload assessment with CVP or
worse, blindly. A safe and practical way to perform fluid
loading remains FC, with simultaneous assessment of
fluid-responsiveness and control for risk of overload.
However, for patients with high risk of fluid overload,
predicting fluid-responsiveness before volume expansion
may reduce the number of FC and improve patient out-
comes. PLR is an accurate validated maneuver to predict
fluid-responsiveness. It can widely be used provided the
absence of intra-abdominal hypertension. These consid-
erations open the way to a wide range of clinical studies
aiming to adapt and validate such strategies in the specific
population of patients with AP.
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