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Abstract

Acute pancreatitis (AP) still remains a clinical challenge, despite exponential increase in our knowledge of its complex pathophysiological changes. Early fluid therapy is the cornerstone of treatment and is universally recommended. However there is a lack of consensus regarding the type, rate, amount and end points of fluid replacement. Further confusion is added with the newer studies reporting better results with controlled fluid therapy. This review focuses on the pathophysiology of fluid depletion in AP, rationale for fluid replacement, the type, optimal amount, rate of infusion and monitoring of such patients. The basic goal should be to prevent or minimize the systemic response to inflammatory markers. Various studies and reviews have been critically evaluated with authors’ recommendations, for predicted severe or severe pancreatitis, based on the available evidence.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Acute pancreatitis (AP) can have a severe form which has a high mortality. The treatment of AP is primarily supportive. Fluid replacement therapy has emerged as one of the key treatment strategies. There is a lack of randomized studies addressing the questions of the best type of fluid, amount of fluid and rate of fluid transfusion. This paper reviews the available literature and the controversies and attempts to frame guideline for fluid therapy in AP.
Aggarwal A, Manrai M, Kochhar R. Fluid resuscitation in acute pancreatitis. World J Gastroenterol 2014; In press
INTRODUCTION

Acute pancreatitis is acute inflammation of the pancreas with a high morbidity and mortality1[]
. It displays a wide spectrum of disease presentation ranging from self-limiting mild illness to rapidly progressive severe illness ending in multi-organ failure with high risk of mortality. Different stages of severity have been described in the Atlanta classification2[]
. It has been estimated that about 10%-20% of patients develop severe AP which has a 15%-40% mortality3[]
. A major factor complicating the appropriate management of AP is the failure to discriminate its mild and severe forms in the initial stages. This issue is critical as about half of the patients of severe AP die in the first week due to the development of organ failure with the incidence of organ failure being maximum (17%) on the first day itself
 ADDIN EN.CITE 
[4,5]
. The causes for mortality later are development of infected necrosis and other complications. Thus, it is important to identify factors which can predict severity of disease so as to guide early clinical management within the so–called interventional window of AP
 ADDIN EN.CITE 
[6,7]
. Despite increased understanding of the underlying pathophysiology of both, the disease and its complications, its management is still a clinical challenge and is primarily based on supportive therapy8[]
. Fluid resuscitation remains the cornerstone of early management though there is little consensus on the details9


[ ADDIN EN.CITE ]
. 
Widely accepted clinical practice guidelines recommend vigorous fluid resuscitation in the early management of AP
 ADDIN EN.CITE 
[10-12]
 (Table 1). However, there is a lack of consensus on specific recommendations regarding the type of fluid, optimal rate of fluid administration and end points to indicate adequate resuscitation13[]
. Though aggressive fluid therapy is the cornerstone of treatment in AP, a few recent studies have suggested that non-aggressive fluid therapy may be better in reducing mortality and improving outcomes
 ADDIN EN.CITE 
[14-18]
. A recent systemic review has brought into focus the lack of evidence in literature on the type of fluid, rate of fluid infusion and the goals to be monitored9


[ ADDIN EN.CITE ]
. Even the evidence that is available is of low or very low quality.
We, hereby, review the literature regarding fluid resuscitation early in the course of AP emphasizing on goals, choice and amount of fluids to reduce complications like pancreatic necrosis and organ failure (Table 2). The review is based on a detailed PubMed search till end of June, 2014. 

PATHO PHYSIOLOGICAL BASIS 

The major etiologic factors of AP are alcohol and biliary obstruction; other causes being auto immunity, drugs, trauma, iatrogenic and idiopathic. A major complication of the disease is multiple organ failure as a result of excessive activation of a systemic inflammatory response cascade19[]
. Pancreatic insult due to any etiology leads to the release of pro-inflammatory mediators like zymogens, cytokines and vasoactive factors. These mediators cause endothelial cell activation leading to arteriolar vasoconstriction, increased permeability and circulatory stasis thereby inducing ischemia20[]
. This increased permeability by leaking capillaries causes a loss of intravascular fluid and hypotension, and shock may ensue (Figure 1). Further, accumulation of inflammatory mediators with enhanced leucocytes and endothelial interaction results in the activation of the coagulation cascade and hyper-coagulation. Micro-vascular thrombosis further causes tissue hypoxia and ultimately systemic inflammatory response syndrome (SIRS)20[]
. Organ dysfunction usually occurs quite early in the course of severe AP (usually first four days)21


[ ADDIN EN.CITE ,22]
, and unless taken care of aggressively, causes mortality in about 50% cases within the first week of its manifestation23[]
. First five days after onset of acute disease are taken as the “therapeutic interventional window”6[]
 where aggressive fluid resuscitation can correct the third space losses and increase tissue perfusion. The SIRS may thereby be averted with prevention of multiple organ failure as well as pancreatic necrosis. 
CLASSIFICATION OF SEVERITY OF ACUTE PANCREATITIS

Severity in AP can be classified as mild having no local or systematic complications, moderate where local or systematic complications are associated with organ failure that resolves in 48 h and severe where organ failure persists beyond 48 h3[]
. The risk of mortality is nil or minimal in patients with no or minimal organ failure and it can be as high as 15%-40% in those with severe disease11[]
. Organ failure has emerged as a key determinant of severity classification of AP. Organ failure is classified as transient or persistent depending upon the duration and is classified as per Modified Marshall score24[]
. 
There are various scoring criteria described in literature to assess the severity of pancreatitis
 ADDIN EN.CITE 
[25-30]
. However, these scoring systems require 48 h to complete. The first 12–24 h are critical as the maximum incidence of development of organ failure is in this time frame31[]
. Hence recently, 2 new scoring systems have been proposed which assess the severity in the first 24 h. The Bedside Index of Severity in Acute Pancreatitis (BISAP) is one such system which assesses 5 criteria – BUN > 25 mg/dl, age > 60 years, impaired mental status, SIRS and pleural effusion32[]
. A score of > 2 was associated with 10 fold increase in mortality risk
 ADDIN EN.CITE 
[27,33]
. The second scoring system is Harmless Acute Pancreatitis Score that focuses on patients who are unlikely to develop severe pancreatitis26[]
. 

RATIONALE FOR FLUID RESUSCITATION

The management of AP revolves around supportive care (for organ failure and nutrition) and intravenous hydration. The rationale for hydration is based on the need to replenish the hypovolemia secondary to vomiting, reduced oral intake, third space extravasation, respiratory losses and diaphoresis. In addition early hydration provides macro-circulatory and microcirculatory support to prevent the cascade of events leading to pancreatic necrosis34[]
. 
Correction of hypovolemia as assessed by changes in hematocrit, blood urea nitrogen (BUN) and serum creatinine, has been documented to limit necrosis and improve outcome. Hemoconcentration, as a marker of hypovolemia and severity of pancreatitis has been studied since 1960s35[]
. A hematocrit ≥ 44%-47% on admission and failure to decrease hematocrit at 24 h was recognized as the best risk factor for development of necrosis36[]
. Wu et al37[]
 showed that early hemoconcentration was associated with increased mortality only among hospital transferred cases; not among non-transferred cases. This difference could be due to differences in their early management, further emphasizing the fact that fluid resuscitation should be instituted early. Similarly changes in BUN and creatinine from baseline are indicative of intravascular volume depletion, and both these markers are used to predict outcome Their monitoring can gauge the effectiveness of initial resuscitative measures
 ADDIN EN.CITE 
[38-43]
. These parameters can, therefore, be used to optimize `goal directed’ resuscitation.
Microcirculatory disturbances in AP are different from simple hypovolemia of trauma or bleeding, as they are caused by SIRS with overexpression of inflammatory mediators which injure the endothelium and increase capillary permeability leading to fluid sequestration and capillary leak syndrome
 ADDIN EN.CITE 
[44]
. Thus the purpose of effective fluid resuscitation in severe AP is not only to replenish the blood volume but also to stabilize the capillary permeability, modulate the inflammatory reaction and sustain intestinal barrier function
 ADDIN EN.CITE 
[44]
. 
A numbers of animal studies have shown the benefit of fluid resuscitation in AP, using both colloids and crystalloids. Juvonen et al45[]
 in a pig model of AP showed that signs of splanchnic hypoperfusion could be prevented with fluid resuscitation. They measured splanchnic perfusion by local pC02 gap, oxygen delivery and consumption, lactate production and blood flow. Niederau et al46[]
 showed that subcutaneous administration of fluid normalized hemoconcentration and improved survival in a mouse model of AP. High volume crystalloid infusion with Ringer’s lactate has been shown to improve pancreatic microcirculation in a canine model47[]
 and balanced salt solution in a rat model48[]
. 
Which patients require fluid resuscitation

The primary aim of fluid therapy is to limit or prevent pancreatic necrosis. Any patient of AP has the potential to develop in to severe disease. Patients with mild interstial pancreatitis are kept under observation in the emergency room and once pain settles can be discharged. Patients with underlying comorbidities would however require closer observation. Using the Revised Atlanta guidelines[3] patients can be triaged and evaluated for severity. Patients with moderate and severe AP require to be observed for organ failure and local or systemic complications and should be started on fluid therapy. It must be recognized that at the time of first interface with the patient it may not be possible to gauge severity which may actually evolve over the next 24-48 h. 
Choice of fluid

Two types of fluids used frequently are colloids and crystalloids. Commonly used colloids are various formulations of dextran, hesta starch and albumin. Colloids are considered superior to crystalloids in optimization of the hemodynamic response49[]
. They also have better retention in the intravascular compartment because of their larger size34[]
. As they remain within the lumen, despite increased vascular permeability, they help maintaining better circulatory flow. They help in the correction of hypovolemia because of their osmotic effect in drawing fluid from the interstitium to the vascular compartment. However they can cause intravascular volume overload, hyperoncotic renal impairment coagulopathy and anaphylactic reaction50[]
. 
Commonly used crystalloids are normal saline, lactated Ringer’s(RL) and Ringer’s ethyl pyruvate with hypertonic saline being the new kid-on-the-block. Crystalloids are distributed in both the plasma and the interstitial compartments and large spaces are therefore, required to restore the circulation. Infusion of large amounts of crystalloids could lead to pulmonary edema48[]
. Hypertonic saline effectively reduces the volume of isotonic fluid resuscitation, thereby reducing the risk of pulmonary edema
 ADDIN EN.CITE 
[51]
. However, there is a potential risk of central pontine myelenosis with aggressive hypertonic saline therapy52[]
. 
The ideal fluid for resuscitation in AP is yet to be determined. The choice primarily, is between a colloid and a crystalloid. Variability in the results of initial studies with fluid resuscitation could be attributed to different type of fluids used. Colloids have been shown to be superior to crystalloids in animal experiments34[]
. This could be due to the fact that they are not as permeable to leakage in pancreatic microcirculation as crystalloids. By remaining in the lumen, circulatory blood flow is better maintained and inflammatory mediators are less likely to reach the acinus when colloids are used34[]
. 
Most of the animal studies on fluid resuscitation have used colloid solutions and found them to be better than crystalloids. Schmidt et al53[]
 showed intra-aortic bolus infusion of high dose dextran to be better than LR and normal saline (NS) as regards necrosis and mortality in a rat model of pancreatitis. Other workers have also shown beneficial effects of different dextran preparation
 ADDIN EN.CITE 
[47,54-57]
. Klar et al55[]
 quantified the effect of dextran on pancreatic microcirculation during experimental acute biliary pancreatitis and showed that stabilization of microcirculation was accomplished in 6 h. In yet another study, mortality was reduced from 60% in RL controls to 10% and 0% in groups treated with DEX-70 and DEX-160 respectively57[]
. 
The use of colloids in humans has involved various preparations of dextran and albumin. In a phase I human study involving 13 patients of severe non-biliary pancreatitis, after hemodilution with dextran, progression of pancreatic necrosis was seen in 15% and mortality was only 7.7%55[]
. In another human study, 32 patients with severe AP were treated with 500-1000 ml dextran 40 and dexamethasone 0.5–1 mg/kg daily along with standard therapy for a week. 27 patients improved, 5 required surgery and 4 ultimately had mortality. The authors concluded that short period use of dexamethasone can inhibit inflammatory mediators and dextran helps in correcting microcirculatory disturbances58[]
. 
Hydroxyethyl starch (HES) is another colloid fluid which can preserve systemic oxygenation in patients with capillary leak. It was shown to reduce the risk of intra-abdominal hypertension in severe AP
 ADDIN EN.CITE 
[59]
. However there was no impact on organ failure and mortality. In a recent study comparing normal saline (group1); HES and normal saline (group 2), and HES, normal saline and glutamine (group 3), Zhao et aI
 ADDIN EN.CITE 
[44]
 showed that in groups 2 and 3, patients had decreased organ failure and decreased rate of infections. However a Cochrane review has concluded that HES may actually increase mortality in critically ill patients60[]
. 
In contrast to animal studies, there is more data on beneficial effects of crystalloids in humans. Du et al
 ADDIN EN.CITE 
[59]
 compared RL with a combination of RL and HES. The combination showed better results on intra-abdominal pressure in AP but no effect was seen on organ failure, in-hospital stay or mortality. A recent randomized controlled trial by Wu et al
 ADDIN EN.CITE 
[61]
 compared normal saline versus RL as resuscitation fluid in AP and reported dampening of systemic inflammation after 24 h in subjects resuscitated with RL. Significant reduction in the prevalence of SIRS and levels of C-reactive protein was found in the RL group as compared to normal saline group. This pilot trial of RL as primary resuscitation fluid has become a landmark study for potential utility of RL as a resuscitation fluid in early treatment of AP. 
Recently hypertonic saline was found to be useful in management of AP in various animal studies by modulation of cytokine expression
 ADDIN EN.CITE 
[43,62,63]
. It significantly facilitates pancreatic microcirculation and has favorable effects on cardiac contractility and peripheral tissue perfusion51


[ ADDIN EN.CITE ]
.
 The aerosolized hypertonic saline reduces lung injury and also the risk of lung edema due to lesser volume used
[51]
.64[ However, safety of hypertonic saline for volume repletion needs to be established as adverse potential effects like renal failure have been documented in burn patients]
.
A combination of crystalloids and colloids has been suggested by some workers to be better than either alone
 ADDIN EN.CITE 
[17,43]
. Some workers suggest using a ratio of 1:3 for colloids and crystalloids respectively65[]
. In a recent study on 47 patients of AP Chang et al66[]
 have shown that a crystalloid to colloid ratio of 1.1-3.0 was superior to a ratio of < 1.5 or > 3. 
Other solutions used in fluid resuscitation are a cell-free hemoglobin-based oxygen carrier
 ADDIN EN.CITE 
[67]
, a combination of isovolemic hemodilution with HES and a plasmatic oxygen carrier
 ADDIN EN.CITE 
[68]
, 6% hydroxyethyl starch and furosemide
 ADDIN EN.CITE 
[69]
. A recent Chinese study demonstrated the effects of 6% HES and furosemide on the outcome of AP but only 4% of the patients with the Ranson’s score of 3 or more and 7% with Balthazar CT score D developed pancreatic necrosis and organ dysfunction
 ADDIN EN.CITE 
[69]
. Another study demonstrated the effect of fresh frozen plasma (FFP) in AP and observed that the ability of FFP to reduce the fall in serum (-2 macroglobulin may have therapeutic implications in early treatment of AP70[]
. 
In summary there is a lack of high level evidence to guide the choice of fluid in AP. Crystalloids are recommended by the American Gastroenterological Association; colloids (packed red blood cells) are considered in cases of low hematocrit(< 25%) and low serum albumin. RL (< 2 g/dl). Among crystalloids RL solution is preferred over NS71[]
. However there is an urgent need of studies on this issue.
Volume and rate of fluid resuscitation: What is aggressive?

Aggressive fluid resuscitation was defined by the Mayo Clinic group to constitute ≥ 33% of the total volume in 72 h being infused in the first 24 h72[]
. Chinese workers have used a more objective criteria of 15ml/kg/hour infusion as aggressive resuscitation as compared to controlled resuscitation which they defined as 5-10 ml/kg per hour17[]
. Though recommendations by various authors and reviews had suggested intensive fluid resuscitation, it was two retrospective studies from Mayo Clinic
 ADDIN EN.CITE 
[72,73]
 which defined aggressive fluid resuscitation. In the first study, they showed that 28 patients in the non-aggressive group had higher mortality (17.9%) than the 17 in the aggressive group (0% mortality)
 ADDIN EN.CITE 
[73]
. In the second, study of the 73 patients, the 31 given non-aggressive fluid resuscitation had higher SIRS scores38[]
. In another study, a retrospective one, Wall et al74[]
 reported that the mean rate of hydration fluid was higher (234 ml/h in first 6 hours and 221 ml/h in first 12 h) in patients treated in 2008 as compared to those treated in 1988 (194 ml/h in first 6 h and 188 ml/h during first 12 h) with decrease in mortality and necrosis in 2008 as compared to 1998.

There are however, other studies suggesting that aggressive hydration may be associated with increased morbidity and mortality
 ADDIN EN.CITE 
[14,

 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

15]
. de-Madaria et al
 ADDIN EN.CITE 
[14]
 analyzed 247 patients prospectively who were divided into 3 groups depending on the fluid received in the initial 24 h. Administration of > 4.1 L during initial 24 h was associated with persistent organ failure and acute collections, and those receiving 3.1 and 4.1 L had an excellent outcome. Eckerwall et al
 ADDIN EN.CITE 
[15]
 reported that the patients receiving > 4.0 L in the first 24 h developed more respiratory complications (66% vs 53%, p < 0.001) than those receiving less than 4.0 L/24 h. The latter group had decreased need for ICU care as well. A Japanese study analyzed the demographics of fluid resuscitation in 9489 patients and found that those with higher volume infused in the first 48 h had higher respiratory complications and higher mortality75[]
.
Mao et al17[]
 found higher complication rates and mortality in patients given aggressive hydration (15 ml/kg per hour) when compared to those given controlled hydration (5-10 ml/kg per hour). In another study Mao et al16[]
 showed that survival rate in slow hemodilution group (84.7%) was better than that in rapid hemodilution group (66%). They also found that rapid hemodilution can increase the incidence of sepsis within 28 d. 
Concept of controlled hydration 

Since there has been a negative side reported to aggressive fluid resuscitation, some workers have proposed a more controlled fluid resuscitation rather than overzealous fluid therapy. A Chinese study on 83 patients confirmed the observations that survival rates improved significantly by controlling fluid resuscitation and preventing sequestration of body fluids18[]
. 

It has been pointed out that there are an equal number of studies in favor of aggressive and non-aggressive fluid resuscitation9


[ ADDIN EN.CITE ]
. One can argue that aggressive resuscitation restores the intravascular compartment depleted by "third spacing" and results in more effective end-organ tissue perfusion and reverses pancreatic ischemia76[]
. Those in favor of non-aggressive hydration suggest that by the time we intervene in patients with AP, pancreatic necrosis is already non-reversible and aggressive fluid therapy will only lead to respiratory failure and increased intra-abdominal pressure etc.76[]
. Therefore, a "controlled" resuscitation aimed at reversing hypotension and being able to maintain effective mean arterial pressure and urine output > 0.5 mL/kg is the best bet76[]
. 

How much fluid is sequestrated?
Recommendations from various societies and groups have suggested aggressive fluid resuscitation in AP
 ADDIN EN.CITE 
[7,34,71,77]
. However these recommendations were not based on any hard data. Though it is well known that some patients with AP have an increased need for fluid therapy, it is not clear who should get fluids aggressively. In a recent study, de-Madaria et al14


[ ADDIN EN.CITE ]
 have prospectively calculated fluid sequestration in AP by subtracting fluid output from fluid intake in the first 48 h. Fluid intake included all intravenous fluids, oral fluids and blood while fluid output included volumes of urine, stool, vomitus, as well as insensible losses (10 ml/kg per day). The median fluid sequestration in the first 48 h after hospitalization was 3.2 L (1.4-5 L), 6.4 L (3.6-9.5 L) in those with necrosis, and 7.5 L (4.4-12 L) in those with persistent organ failure. It correlated with age, alcohol as an etiology, hematocrit, and SIRS score. This study provides data for the first time of possible fluid requirement in AP and determinants of aggressive fluid resuscitation. In a retrospective study way back in 1974, Ranson et al29[]
 had reported a mean fluid sequestration at 48 h of 3.7 L vs 5.6 L in mild and severe pancreatitis. The data from de-Madaria et al14


[ ADDIN EN.CITE ]
 would be useful in planning future prospective trials.
Rate of fluid replacement: need for bolus
Tenner had given the first recommendation of rate of fluid replacement as 250-500 ml/h for 48 hrs in 20047[]
. Subsequently Pandol et al78[]
 suggested that in severe volume depletion fluids can be infused at 500-1000 ml/h followed by 300-500 ml/h to replace non-pancreatic fluid loss. However these recommendations would amount to upto 6-12 liters of fluid in the first 24 h, which is beyond the volumes used in different studies, both prospective and retrospective. Even in studies in which early aggressive hydration has been used; the total volume in the first 24 h did not generally exceed 6 L
 ADDIN EN.CITE 
[72,73]
. Whitcomb was the first one to suggest that initially fluid bolus should be used to maintain hemodynamics79[]
. Nasr et al8[]
 suggested that a bolus of 20 ml/kg should be given in the emergency, followed by 150-300 ml/hr (3 ml/kg per hour) for 24 h. In the recent study on goal-directed fluid resuscitation, Wu et al61


[ ADDIN EN.CITE ]
 have used a bolus of 20 ml/kg, followed by another bolus and 3 ml/kg per hour (210 ml/h in a 70 kg patient) in fluid refractory and 1.5 ml/kg per hour (105 ml/h) without another bolus in fluid responsible patients. It thus seems reasonable to start with a bolus and follow it up with maintenance fluid infusion. This recommendation is close to the guidelines for septic shock which recommend an initial bolus with crystalloids at the rate of 1000 ml/h with minimum of 30 ml/kg, which also include use of vasopressor epinephrine to maintain adequate blood pressure. However we need more data from prospective studies to reach consensus on this issue. It must be mentioned here that the FEAST trial of fluid bolus in African children with severe infection had actually resulted in greater mortality
 ADDIN EN.CITE 
[80]
. 

Does one size fit all?

A recent review has pointed out there are reports favoring and opposing early aggressive fluid resuscitation9


[ ADDIN EN.CITE ]
. It has been acknowledged that benefits of early aggressive therapy have not been confirmed prospectively
 ADDIN EN.CITE 
[14]
. Early aggressive therapy with predetermined fluid infusion for the first 24-48 h is based on the assumption that fluid sequestration and hence fluid requirement over this time frame is the same for all the patients. However de-Madaria et al14


[ ADDIN EN.CITE ]
 have reasoned that patients who develop local complications after admission are prone to more fluid sequestration, hence they require more fluids. They suggest that fluid resuscitation and hence its replacement is a dynamic process and patients with local complications should receive heightened fluid intake on second and third days of admission. 

All the recommendations and guidelines presume that patients would report within 24 h of onset of pancreatitis. This is not the case, generally, especially in referral centers. Hence there is a need to take this factor into account as the longer the delay in hospitalization, more established would the hemodynamic alterations become. 
Special situations 
Patients with co-morbidities like renal failure, cardiac compromise and pulmonary disease need special attention. As per the Revised Atlanta classification, comorbidities are important determinants of severity of AP


[3] ADDIN EN.CITE . Moreover occurrence of organ failure as a consequence of AP calls for special attention in such patients. Management in such patients may be extrapolated from the Surviving Sepsis Campaign guidelines for management of septic shock81[]
. Issues in such patients which need special considerations are the rate of fluid transfused, use of additional agents like vasopressors and the need for specific monitoring. There may be a need to restrict fluid infusion in those patients who have renal dysfunction or cardiac dysfunction. As in patients with sepsis, vasopressor therapy is required to maintain perfusion pressure in the face of hypotension even when hypovolemia has not yet been treated. Some patients require vasopressors to achieve a minimum perfusion pressure. In patients with sepsis titration of norepinephrine to a mean arterial pressure as low as 65 mmHg has been shown to preserve tissue perfusion82[]
. Norepinehrine is the recommended vasopressor in such situations82[]
. Management of adult respiratory distress syndrome is as per standard guidelines82[]
. Recently extracorpeal life support for acute pancreatitis-induced acute respiratory distress syndrome has been shown to be beneficial83[]
.
Role of continuous hemodiafiltration or continuous veno-venous hemofilteration
Since hypercytokinemia is believed to be pivotal in pathophysiology of SAP, role of continuous continuous hemodiafiltration (CHDF) has been investigated for removal of pro-inflammatory cytokines84[]
. CHDF with a polymethylmethacrylate (PMMA) membrane removes various cytokines from the bloodstream and is widely used in Japan for blood purification therapy in patients with morbid conditions and is thought to prevent organ failure. In a retrospective review of 10 years' experience, Pupelis et al85[]
 summarized the clinical application of continuous veno-venous hemofilteration (CVVH) in patients with AP and concluded that it may help in balancing fluid replacement and removal of cytokines from the blood and tissue compartments. Early application of CVVH helped in achieving cumulative negative fluid balance starting day 5 in patients of acute pancreatitis with intra-abdominal hypertension (IAH) in one study85[]
. It has been investigated for decreasing IAP in patients with AP88[86-]
 and Japanese guidelines suggest blood purification therapy as recommendation C in severe AP which may prevent OF but not the mortality[89]. Xu et al[90] recently demonstrated decrease in TNF alfa levels after initiation of CVVH ; they also showed a positive correlation between blood levels of TNF alfa and IAP. Pupelis et al1[9]
 have documented that by using CVVH as a part of conservative treatment of AP , the need for surgical intervention decreased from 41% to 19% . Even though , CHDF or CVVH is not recommended so far in treatment of severe AP due to non-availability of quality evidence, it is expected to contribute in the improvement of AP outcome in future85[]
. 
RESUSCITATION GOALS 
Fluid resuscitation needs to be monitored by periodic assessment of cardiovascular, renal and pulmonary functions as well as electrolyte imbalances. A drop in hematocrit and BUN has often been recommended as a marker of correction of hemoconcentration. Hematocrit has been used for over 50 years to guide fluid replacement in critically ill patients and in AP it has been identified as a marker which correlates with development of pancreatic necrosis
 ADDIN EN.CITE 
[36,92]
. Failure of decrease in hematocrit has been correlated with increased necrosis and poor outcome. Similarly elevated BUN has been used as a marker of severe disease, and a failure of BUN to decrease has been reported in patients with increased necrosis. In a recent study, Wu et al
 ADDIN EN.CITE 
[61]
 have used BUN to define fluid responsiveness. After 8-12 h of start of resuscitation, if the BUN level remained unchanged or increased from its previous value, participants were considered refractory. They have used this key parameter as a target for goal-directed fluid therapy. 
The aim of monitoring is accurate prediction of the response to fluids before volume expansion occurs. Classic static parameters for monitoring are central venous pressure (CVP), pulmonary artery occlusion pressure (PAOP) and mean arterial pressure (MAP). However, these may be fallacious in patients receiving mechanical ventilation and in those with IAH
 ADDIN EN.CITE 
[93]
. The dynamic parameters measuring cardiac response to changes in preload like systolic volume variation (SVV) and pulse pressure variation (PPV) can be used in those on mechanical ventilation but need caution in those with IAH
 ADDIN EN.CITE 
[93]
. In a recent experimental model of AP, Trepte et al


[94] ADDIN EN.CITE  have shown that goal-directed fluid resuscitation using stroke volume variation (SVV) led to better survival, tissue oxygenation and microcirculatory perfusion when compared to CVP and mean-arterial pressure measurements. However in an accompanying editorial it has been pointed out that while in an experimental setting, resuscitation can be started immediately after experimental induction of AP, but in clinical practice patients usually reach the hospital with already established dramatic fluid shifts with hypovolemia, increased hematocrit and IAH[95]. Moreover the use of SVV indispensably requires controlled mechanical ventilation which is not a realistic scenario at admission of such patients. Also SVV/PPV are less useful in patients with IAH[95]. Huber et al[95] suggest that strategies combining volumetric and dynamic parameters (where applicable) with functional tests (passive leg raising, and expiratory occlusion) and also taking into account IAP and abdominal perfusion pressure need to be evaluated prospectively. 

Though CVP is often used in critical care units monitor fluid resuscitation, it is not an ideal end point in patients with AP because there is a disconnect between the intracellular space and the intravascular compartment23[]
. A high CVP in patients with severe AP may indicate intravascular repletion when the intracellular compartment is actually under-resuscitated.

Urine output measurement remains an easy end point to monitor. Adequate urine output confirms adequate intravascular repletion. While urine output of > 0.5 ml/kg per hour was considered adequate by a technical review[96], the Japanese recommend a urine output greater than 1 ml/kg per hour5[]
. However recent studies have used > 0.5 ml/kg per hour as the end point of fluid resuscitation
 ADDIN EN.CITE 
[61]
. In a recent editorial also the same has been recommended76[]
. Like in other critical illness, serum lactate levels have also been recommended to monitor resuscitation in AP[97]. However there is no evidence of its application in patients with AP.

Because of the compounding influence of mechanical ventilation, IAH, pleural effusion and mediastinal edema, the pressure based parameters may not accurately reflect adequacy of fluid replacement in AP. Therefore, newer hemodynamic measures such as intrathoracic blood volume index, global end diastolic volume index and extravascular lung water index have been suggested49[]
. However there is need to have more data, and the fact that these measures are invasive, they are not likely to be used routinely.
Responsiveness to fluid therapy

Responsiveness to fluid resuscitation can be assessed by measurement of hematocrit, BUN, urine output or intrathoracic volume index, among other parameters. As highlighted above, Wu et al[61] have used BUN to classify patients as responsive or refractory to fluid resuscitation. A simple maneuver of leg elevation has been suggested to determine fluid responsiveness in patients having spontaneous breathing. An increase in ≥ 10% in cardiac output during the first 60-90 s of leg elevation can predict response to fluid replacement
 ADDIN EN.CITE 
[98]
. 

Monitoring for intra abdominal hypertension 

Severe AP can get complicated by intra abdominal hypertension (IAH) which can get worsened by aggressive fluid resuscitation. In healthy individuals, intra-abdominal pressure ranges from 0 to 5 mmHg and varies with the respiratory cycle. Intra-abdominal hypertension is a sustained increase in intra-abdominal pressure above 12 mmHg. Abdominal compartment syndrome is a sustained increase in intra-abdominal pressure above 20 mmHg with new onset organ failure with or without a low abdominal perfusion pressure. The incidence of IAH in patients with severe AP is approximately 60%-80%[97]. It usually is an early phenomenon, partly related to the effects of the inflammatory process causing retroperitoneal edema, fluid collections, ascites. and ileus and partly iatrogenic, resulting from aggressive fluid resuscitation[97]. It is associated with impaired organ dysfunction. especially of the cardiovascular, respiratory and renal system[98]. 

Since it contributes to fluid non-responsiveness and carries a high surgical mortality, IAH should be monitored in all patients with AP. Presence of intra-abdominal pressure > 16 mmHg makes it difficult to correctly interpret results of passive leg raising as well as of other static and dynamic pressure parameters. Abdominal perfusion pressure can serve as a good marker and resuscitation end point in patients with IAH[99]. Maintaining abdominal perfusion pressure above 50-60 mmHg is recommended in order to facilitate adequate perfusion of abdominal organs[97]. There is some evidence that use of HES resuscitation reduces the risk of IAH in severe AP
 ADDIN EN.CITE 
[59]
. However HES may actually increase mortality in critically III patients60[]
. 

Frequency of monitoring

As the pathogenesis of AP is dynamic process, with local and systemic complication compounding the clinical management, it is imperative to monitor fluid resuscitation closely. After an initial bolus of 20 ml/kg or 1000 ml over one hour, followed by controlled fluid infusion for the first 24 h, the patients should be evaluated closely in an high dependency unit. Hemodynamically the goals chosen to monitor should be assessed at 8-12 h interval. Wu et al61


[ ADDIN EN.CITE ]
 evaluated their patients every 8 h for the first 24 h. Though there are no guidelines on this issue, it seems logical to follow the practice of Wu et al[61]. 
CONCLUSION 

Fluid resuscitation has emerged as a key therapeutic strategy in patients with acute pancreatitis. It has to be acknowledged that fluid resuscitation in AP is a complex process with need to take into account the dynamics of fluid sequestration during different stages of the disease. Current knowledge suggests that controlled fluid resuscitation (3.5-4.5 L/24 h) should be started after a bolus infusion of 20 ml/kg (1000 ml over one hour). Among the different fluids, lactated Ringers’ is the one recommended by most guidelines. There is a need to carry out fluid resuscitation with a goal-directed strategy with urine output > 0.5 ml/kg and a drop in BUN as simple goals. There is a need for randomized controlled trials to generate data on all the three issues addressed (rate, type and end points of fluid resuscitation) before definite guidelines can be framed. The authors have summarized recommendations about fluid therapy in predicted severe or severe AP (Table 3).
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Table 1 Recommendations in various reviews for fluid resuscitation in acute pancreatitis 
	Ref.
	Type
	 Conclusion

	Tenner et al[7], 2004
	Review
	250-500 mL/h or more for 48 h

	Wilmer et al[90], 2004
	Review
	Initial: rapid

Later: 35 mL/kg per day

	Whitcomb et al[80], 2006
	Review
	Fluid bolus: maintain hemodynamics

Later: 250-500 mL/h

	Otsuki et al[91], 2006
	Review
	60-160 mL/kg per day

1/3 to ½ to be given in 6 h

	Forsmark et al[86], 2007
	Review
	Use crystalloids first,

Use colloids if hematocrit < 25% or albumin < 2 g/dL

	Pandol et al[79], 2007
	Review
	Severe volume depletion: 500-1000 mL/h; reduce later 



	Nasr et al[8], 2011
	Review
	20 mL/kg (1-2 L) in emergency; 

150-300 mL/h (3 mL/kg per hour) for 24 h

	Trikudanathan et al[50], 2012
	Review
	Aggressive fluid resuscitation in patients with AP needs to be initiated with therapeutic intent.

	Haydock et al[9], 2013
	Review
	Lack of quality evidence to guide most basic aspects of FT providing the equipoise necessary for further RCTs.

	Wu et al[32], 2013
	Review
	Institutional protocols must be developed to help ensure adequate fluid resuscitation, particularly in initial 24-h.


 FT: fluid therapy; AP: acute pancreatitis; RCT: randomized control trial.
Table 2 Summary of available studies to date on controlled fluid therapy 
	Ref. 
	Year
	Type of study 

(sample size)


	Conclusion

	Mao et al[17] 
	2010 


	RCT 

(n = 155)
	Rapid hemodilution increases incidence of sepsis within 28 d and in-hospital mortality Hematocrit should be maintained between 30% and 40% in acute response stage

	Mao et al [18]
	2009 


	RCT 

(n = 76)
	Controlled fluid resuscitation offers better prognosis in patients with severe volume deficit within

72 h of severe acute pancreatitis onset

	Eckerwall et al[16] 


	2006
	Retrospective 

cohort (n = 99)


	Patients receiving 4000 ml or more of fluid in first 24 h developed more respiratory complications.

	Madaria et al[15] 
	2011
	Retrospective 

cohort (n = 247)


	Administration of > 4.1 L but not < 3.1 L was significantly associated with more local and systemic complications. 

	Kuwabara et al[76]
	2011
	Retrospective(n = 9489)
	Fluid volume during first 48 h was higher in patients requiring ventilation and higher mortality in acute pancreatitis


RCT: randomized control trial.

Table 3 Authors’ recommendations for fluid replacement in predicted                  severe or severe acute pancreatitis
	Parameter 
	Recommendation

	Fluid resuscitation 
	Necessary: the earlier the resuscitation, the better the outcome

	Type of fluid 


	Colloids and/or crystalloids: 

Among crystalloids, Ringer’s lactate better than normal saline

Use colloids specially when albumin < 2.0 g/dL or hematocrit < 35%

	Amount of fluid 


	Total fluid in first 24 h: between 3 and 4 L, 

Not to exceed 4 L

	Rate of infusion 
	Initial bolus 1000 mL over one hour followed by 3 mL/kg per hour (200 mL/h) for 24-48 h

	Monitoring 


	Urine output > 0.5 mL/kg per hour, hematocrit = 25% to 35%.

CVP: not good for monitoring due to third space loss and hypoalbuminemia

	Duration of resuscitation 
	24-48 h, until signs of volume depletion disappear


CVP: central venous pressure.






Figure 1 Pathophysiology of fluid depletion in pancreatitis.
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