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1. Pathophysiological
Considerations

Alterations of the pancreatic microperfusion are an
early event in the course of pancreatitis
irrespective of the underlying etiology (10). They
result in reduced blood flow, capillary leakage,
pancreatic and peripancreatic edema and
transmigration of inflammatory cells. The source of
proinflammatory mediators leading to these events
have not been fully identified, but studies indicate
that acinar and stellate cells as well as resident
immune cells can all respond to pancreatic injury
by secreting proinflammatory cytokines such as IL-
1b, IL-6 and TNF-a (23). Ultimately the decreased
microperfusion and activation of the endothelium
will also lead to hypercoagulability which, in turn,
aggravates pancreatic hypoperfusion and hypoxia.
The lack of oxygen as well as reperfusion damage
will lead to pancreatic necrosis with sometimes
catastrophic consequences such as infected
pancreatic collections, sepsis, bleeding and death
(9). Systemically multiorgan failure due to systemic
inflammatory response syndrome, hypoperfusion
and shock are common events in severe forms of
acute pancreatitis, leading to mortality rates close
to 50% in some patient cohorts (2).

Early fluid resuscitation could thus help to restore
local pancreatic perfusion, counteract systemic
hypotension and thus prevent secondary organ
failure due to fluid sequestration. The critical
guestion in this context is how much fluid
replacement will be optimal to improve outcome
and how much will lead to fluid overload with

negative consequences such as abdominal
compartment syndrome (7, 25).

2. Estimation of Fluid Requirement

Early and adequate fluid resuscitation remains the
corner stone of initial treatment in acute
pancreatitis and probably has the most detrimental
consequences if not properly administered. An
observational study including 403 patients from
two prospectively collected cohorts showed an
association between early fluid deficit and the
development of pancreatic fluid collections,
pancreatic necrosis, persistent organ failure and
the length of hospital stay (13). In a smaller cohort
Scottish patients who died from acute pancreatitis
received significantly less fluids within 48 h after
admission than survivors (16). In a small pooled
analysis of 44 patients with and without necrotizing
pancreatitis it was shown that, although similar
amounts of fluid were administered in both groups,
only those with a high hematocrit after 24 h
developed necrosis during their subsequent
course of pancreatitis (3).

Although the need for fluid resuscitation in these
patients is widely accepted, the prediction of the
extent of fluid sequestration and thus the clinical
outcome remains a challenge. Clinically used
scoring systems as well as recently published
studies focus on surrogates for fluid sequestration
as predictors of outcome and indicators for goal
directed administration of fluids in the early phase.
These include hematocrit, blood urea nitrogen
(BUN), creatinine, heart rate, mean arterial



pressure (MAP) and central venous pressure
(CVP) (16, 18, 19, 24, 28, 30).

3. Choice of Fluids

Based on the current evidence from pancreatitis
specific, as well as general critical care studies,
balanced crystalloid solutions such as Ringers’
Lactate should be used for fluid resuscitation in
acute pancreatitis patients. In a randomized
controlled trail including 40 North American
patients Wu et al. showed that patients randomly
assigned to receive Lactated Ringers” had a
significant reduction in systemic inflammatory
response syndrome (SIRS; 84% reduction vs. 0%;
¥x?p=0,035) and CRP levels (mean 51 mg/L vs. 104
mg/L; ANOVA p=0,018) compared to patients
receiving normal saline (29). One advantage of
balanced solutions is their favorable effect on acid
base metabolism. Experimental animal studies
suggest that lactate has a direct anti-inflammatory
effect via the GPR81 receptor and the cellular
inflammasome (8,11). Studies outside the
pancreatitis field could also show that
hyperchloremic acidosis induced by infusion of
large amounts of saline can lead to a worse
outcome with an increased risk for kidney injury,
thus leaving normal saline to be only a second
choice of fluids in critically ill patients (12). In
pancreatitis patients resuscitation with Ringers’
Lactate led to a significantly reduced rate of
acidosis with a reverse correlation of bicarbonate
to CRP levels (29).

Hydroxyethyl starch (HES) is a colloid fluid that has
been widely used for plasma expansion in critically
ill patients. A large randomized, blinded intensive
care patient trial not specific for pancreatitis,
analyzed the outcome of 798 ICU patients
receiving either HES or crystalloids. The study
found that the use of HES was associated with a
higher mortality as compared to Ringers” acetate
(201/398; 51% vs. 172/400; 43%; p=0,03) and
increased the risk for renal failure and the need for
renal replacement therapy (87/398; 22% vs.
65/400; 16%; p=0.04) (20). The unfavorable effect
of HES did not reach significance in the longterm

mortality after 6 month or one year, which may be
due to insufficient power of the study for this
endpoint. However, HES failed to show any
longterm superiority (21). A previous study by
Brunkhorst and col-leagues showed similar results
(4). For pancreatitis patients Mole et al. observed
an increased use of HES in a group of patients that
had died from acute pancreatitis (16). There is one
small study in acute pancreatitis showing that a
combination of Ringers” lactate and HES reduced
the mean intraabdominal pressure and the need for
mechanical ventilation within the first week of acute
pancreatitis when compared to Ringers” lactate
alone (5). However, due to the small sample sizes
the grade of evidence remains too low to currently
recommend the use of HES in acute pancreatitis in
the light of the larger ICU studies. In summary,
balanced, full electrolyte crystalloid solutions are
currently recommended for initial fluid resuscitation
in acute pancreatitis, with the limitation that only
Ringers” lactate has been investigated for this
purpose so far. In patients with hypercalcemia,
calcium-free normal saline serves as an
alternative.

4. Course of Fluid Resuscitation

Earlier observational studies on pancreatitis
patients concluded that early and aggressive fluid
therapy improved outcome and prevented necrosis
(6, 16, 26). The first randomized controlled trial to
investigate this question originated from China
and, somewhat unexpectedly, showed that overly
aggressive fluid administration can be harmful
when compared to controlled fluid expansion. The
rapid fluid expansion group received crystalloids or
colloids at a rate 10-15 ml/kg b.w. per hour and was
at higher risk for mechanical ventilation (94.4% vs.
65%) and death (30.6% vs 10%) when compared
to controlled fluid expansion group with 5-10 ml/kg
of body weight per hour. The amounts of fluid given
only differed over the first 24 h, but were similar
over the subsequent 4 days. The same applied to
hematocrit levels, which were also transiently
lower in the aggressive fluid treatment group during
the first day (15). In a subsequent, larger,
randomized trial from the same institution patients



were assigned to meet a resuscitation goal of
above or below a 35% hematocrit within 48 h.
Again, patients with more aggressive treatment
receiving more fluids in the early course had a
worse outcome with higher APACHE 1l scores,
higher risk for sepsis and death (14). Taken
together these results suggest that fluids should be
given at moderate rates of 5-10 ml/kg of body
weight over the first 24 h aiming for a total volume
of 2500 ml to 4000 ml. Recently the concept of goal
directed fluid resuscitation has been more heavily
investigated both in and outside the pancreatitis
field. Parameters that have been investigated are
BUN, hematocrit, CVP, blood pressure, heart rate
and urine output.

Wu et al. concluded from a small randomized trial,
that BUN, despite its prognostic values, does not
help to guide fluid resuscitation because the total
amount of fluid administered as well as the
prevalence of SIRS and CRP values were similar
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Figure 1A

between the group receiving BUN-guided fluids
and the control arm (29). An observational study
concluded that central venous pressure might be a
misleading parameter to guide fluid administration
because patients with high CVP were more likely
to receive vasopressors and were at a higher risk
for death (16). The most controversial parameter
lately was hematocrit. A retrospective study by
Brown and colleagues showed that all 12 patients
with persistently high hematocrit of above 44%
after 24 h died, whereas Mao et al. convincingly
showed that rapid hemodilution to a hematocrit of
below 35% within 48 h also puts the patient at
higher risk for pancreatitis related death (14).
Pathophysiologically these effects could be
explained by kidney damage and tissue
hypoperfusion in cases of high hematocrit, and
impaired oxygen delivery, coagulation failure and
decreased migration of inflammatory cells in the
presence of a low hematocrit.

Bettaufnahme

Figure 1. Complications of fluid overload in severe acute pancreatitis. A 77 years old male patient with biliary
pancreatitis and preexisting congestive heart failure due to long lasting arterial hypertension and aortic valve
stenosis was resuscitated with a total of 2500 ml balanced crystalloid infusion over the first 24 h. Within 48 h from
admission he developed respiratory failure with increasing oxygen requirements and was consequently admitted to
the intensive care unit. He developed severe ARDS due to fluid overload and cardiac decompensation, was
intubated and ventilated (Figure 1B). Later in his course he also developed increased intraabdominal pressure and
abdominal compartment syndrome with central venous congestion followed by non-occlusive mesenteric ischemia.
Figure 1A shows the angiogram of the superior mesenteric artery with narrowing of all vessels and distal
hypoperfusion. A papaverin catheter was inserted, but despite maximal escalation of treatment the patient died of
multiorgan failure and sepsis.

In general the physician in charge needs to
consider coexisting conditions such congestive

heart failure or pulmonary disease which limit the
tolerance towards fluid administration drastically



and thus adjust fluid management. The study by
Mao further suggests that a heart rate of <120 bpm,
a mean arterial pressure of 65-85 mmHg and urine
output of 0.5-1 ml/kg/h can be used to non-
invasively estimate fluid requirements. However,
low urine output can also be a consequence of
acute tubular necrosis in which case more fluid
administration will lead to fluid overload and
respiratory failure. Three large multicenter
randomized trials conducted in Australia/New
Zealand, the United States and the United
Kingdom uniformly concluded that early goal
directed fluid therapy was not superior to usual
care protocols (1, 17, 22). This supports the
conclusion that predictive factors that can guide the
fluid treatment in acute pancreatitis patients remain
to be identified. Whether modern hemodynamic
monitoring using e.g. thermodilution methods can
be of benefit for a sub-set of patients is currently
under investigation (31).

6. References

5. IAP/APA Guideline
Recommendations

During the APA annual meeting 2012 an expert
panel developed new evidence-based guidelines
for the management of acute pancreatitis (27). For
fluid resuscitation the following was recommended.
- Ringer’s lactate is recommended for initial
fluid resuscitation in acute pancreatitis. (GRADE
1B, strong agreement)

- Goal directed intravenous fluid therapy with
5-10 ml/kg/h should be wused initially until
resuscitation goals are reached. (GRADE 1B,
weak agreement)

- The preferred approach to assessing the
response to fluid resuscitation should be based on
one or more of the following: (1) non-invasive
clinical targets of heart rate <120/min, mean
arterial pressure between 65 and 85 mmHg (8.7 -
11.3 kPa), and urinary output >0.5 - 1 ml/kg/h, (2)
invasive clinical targets of stroke volume variation,
and intrathoracic blood volume determination, and
(3) biochemical targets of hematocrit 35 - 44%.
(GRADE 2B, weak agreement).
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