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A Pancreatic Tale of Hypoperfusion and
Inflammation
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Since it was first widely recognized at the end of the 19th century, acute pancreatitis has proven
a formidable clinical challenge, frequently resulting in management within critical care settings.
Because the early assessment of severity is difficult, the recognition of severe acute pancreatitis
(SAP) and the implementation of critical care treatment precepts often are delayed. Although
different management strategies for life-threatening features of SAP have been debated for
decades, there has been little recent reduction in mortality rates, which can be as high as 30%.
This article discusses severity designation at the time of diagnosis, reviews the pathophysiologic
mechanisms so well characterized by the noxious combination of severe systemic inflammation
and hypoperfusion, and provides a management algorithm that parallels current critical care
strategies. (CHEST 2009; 136:1413–1419)

Abbreviations: ACS ! abdominal compartment syndrome; APACHE ! acute physiology and chronic health evalua-
tion; IAP ! intraabdominal pressure; SAP ! severe acute pancreatitis

A cute pancreatitis is an inflammation of the pan-
creas that is characterized by clinical features

that include abdominal pain with radiation to the
back, nausea, and vomiting. Patients are classified
with severe acute pancreatitis (SAP) if they display
organ failure as manifested by shock, pulmonary
insufficiency, renal failure, or GI bleeding; local
complications such as necrosis, pseudocyst, or ab-
scess; or other defined criteria.1,2

Critical care services are most appropriate for
patients with SAP, but delineating the patients in
whom severe disease develops and, therefore, might
benefit from critical care strategies that limit the
progression of pancreatic inflammation is challeng-
ing. Unfortunately, no highly sensitive and specific

test or system exists that can accurately measure
prognosis at the time of hospital admission.

Determination of Severity

Ranson et al3 originally described a scoring system
to determine the severity of pancreatitis, which has
been widely used since 1974. However, a metaanaly-
sis4 of studies using the criteria Ranson et al3 re-
ported a sensitivity for predicting SAP of 75%, a
specificity of 77%, a positive predictive value of 49%,
and a negative predictive value of 91%. A major
drawback of this system, as well as the Glasgow
criteria,5 is that they can only be determined after
48 h, which is well past the critical window with
respect to early resuscitation and improvement of
pancreatic perfusion and microcirculatory defects.
The Atlanta criteria2 define severe disease in patients
with acute pancreatitis but have not been applied
consistently either in the clinical setting or in studies.
The acute physiology and chronic health evaluation
(APACHE) II score also is widely used and has the
advantage of being calculated at the time of diagnosis
or hospital admission. Still, the sensitivity of an
APACHE II score of " 7 to predict SAP was found4

to be 65%, with a specificity of 76%, a positive
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predictive value of 43%, and a negative predictive
value of 89%. Clinician judgment that takes into
account multiple factors has a sensitivity of predict-
ing severe disease at hospital admission of 39%, a
specificity of 93%, a positive predictive value of 66%,
and a negative predictive value of 82%.4

The clinical diagnosis of pancreatitis typically is
confirmed with serum amylase and lipase levels. How-
ever, the magnitude of elevation of these levels does
not correlate well with the severity of pancreatitis.6,7

Other biomarkers, such as levels of C-reactive pro-
tein, neutrophil elastase, interleukin-1, interleukin-6,
procalcitonin, and #1-antitrypsin, tend to correlate
better with disease severity7–9 but have been of
limited clinical utility in triaging patients or predict-
ing outcome. C-reactive protein values at hospital
admission are not predictive of outcome,8 but at 48 h
they have sensitivity and specificity values that are
similar to those using the Ranson et al3 criteria and
APACHE II scores.4,7

The inference from all these studies is that early
severity prediction is difficult and often inaccurate;
thus, all patients with pancreatitis initially should be
managed as if the disease is severe.10 Table 1 lists
clinical variables that should raise the suspicion that
pancreatitis is severe.

Imaging

The detection of pancreatic necrosis is achieved
most commonly with contrast-enhanced CT scan-
ning11,12 after circulatory resuscitation, and, typically,
at least 48 to 72 h after diagnosis, with the Balthazar
score used to define the extent of necrosis based on
enlargement, inhomogeneities of attenuation, and
the presence of fluid collections.13–15 The CT sever-
ity index then can be calculated, which has been
shown16 to correlate with prolonged hospital stay,
the need for necrosectomy, and death. A new scoring
system, the extra-pancreatic inflammation on CT
scan, is based on the presence of pleural effusion,
ascites, and retroperitoneal fluid collection, and has

been shown17 to be superior to both the Balthazar
score and the CT severity index in predicting out-
come. An extra-pancreatic inflammation on CT score
of ! 4 had 100% sensitivity and 70.8% specificity for
predicting SAP. Gadolinium-enhanced MRI has
been shown to be equivalent to contrast-enhanced
CT scanning for assessing the severity of acute
pancreatitis and the presence of necrosis,18–20 but
Gadolinium-enhanced MRI is more difficult to per-
form than CT scanning and, therefore, is used less
frequently.

Pathophysiology of Systemic
Manifestations

The principal systemic complications from SAP
relate to alterations in circulation, pulmonary physi-
ology, and renal function.

Circulatory Threats

Hypoperfusion from pancreatitis can result from
mechanisms that are very similar to those of any
severe inflammatory state, including sepsis.21 There-
fore, it is not unreasonable to consider parameters
recently used22–24 to evaluate sepsis resuscitation as
also being useful for evaluating SAP (early goal-
directed therapy and the assessment of adrenocorti-
cal function), with an understanding that more rapid
restoration of the circulation is likely to be an
advantage. Table 2 lists the common mechanisms for
circulatory threat from pancreatitis.

In keeping with the principal pathophysiologic
processes engendered by SAP and the dictum that
“inflammation begets hypoperfusion, and hypoper-
fusion begets inflammation,” early critical care man-
agement focuses on the attainment of an adequate
circulation while supporting other vital organ func-
tion. Because hypovolemia is the principal etiology of
hypoperfusion in patients with SAP, the rapid resto-
ration of intravascular volume must be the first

Table 1—Clinical Clues That Pancreatitis May Be
Severe

Description

Hypotension
Oxygen saturation $ 90% breathing room air
Generalized peritonitis
Elevated hemoglobin level
Elevated BUN/creatinine level
Metabolic acidosis
Decreased ionized calcium level
Elevated lactate dehydrogenase level

Table 2—Mechanisms of Circulatory Threat in SAP

Description

Plasma volume depletion
Exudation of plasma at site of inflammation and general abdominal

cavity
Exudation of plasma at sites of systemic capillary alterations
Depletion of interstitial and plasma volume from intestinal fluid

accumulation
Migration of interstitial fluid into the intracellular space
Blood loss from hemorrhage
Myocardial depression
ACS
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therapeutic strategy.25,26 Isotonic crystalloid should
be administered according to resuscitation principles,
rather than to maintenance volumes, and repeated
measures of patient response (BP, pulse, respiratory
status, mental status, urine output through a blad-
der catheter, repetitive blood tests) should be ob-
tained. Adequate intravascular volume resuscitation
improves the perfusion of pancreatic tissue and can
mitigate the progression of pancreatitis, reducing its
associated morbidity and mortality.27–29 However, vol-
ume replacement targets have not been studied in
prospective randomized trials.30

One prospective cohort study31 has reported that a
hospital admission hematocrit of " 44% and its
failure to decrease within 24 h were good indicators
of pancreatic necrosis and predictors of organ fail-
ure. In a separate retrospective analysis,32 necrotiz-
ing pancreatitis developed in all patients in whom
hemoconcentration worsened within 24 h of hospital
admission, suggesting that early, aggressive expan-
sion and maintenance of plasma volume, as evi-
denced by reaching the patient’s usual hematocrit,
are imperative. More recent evidence,33 using a
technique to measure intrathoracic blood volume
index, confirmed the specificity of an elevated he-
matocrit as an index of plasma volume depletion in
patients with necrotizing pancreatitis. Unfortunately,
neither a normal hematocrit nor a normal central
venous pressure proved to be sufficiently sensitive to
rule out deficits in plasma volume.

Hemodynamic dysfunction in SAP patients has
been shown25,26 to result principally from decreased
preload rather than from intrinsic cardiac dysfunc-
tion, but myocardial depression is possible. Myocar-
dial dysfunction from depressants in the bloodstream
can be present even in younger patients with previ-
ously normal hearts but is more evident in patients
with underlying heart disease. Distinguishing be-
tween cardiogenic and hypovolemic hypoperfusion
can be difficult but is extremely important because
the therapeutic strategies for each are distinctly
different. Using such surrogates for hemodynamic
assessment as body weight, input and output calcu-
lations, pulmonary function, and chest radiographs
can be particularly misleading in patients with any
severe systemic inflammation condition, and these
difficulties only are augmented in SAP patients, in
whom even measures such as central venous pres-
sure can be confounded by increased thoracic and
abdominal pressure. Other techniques to evaluate
cardiac performance (ECG or measurement of car-
diac output) may be necessary to provide an accurate
hemodynamic diagnosis to guide therapeutic deci-
sions, such as the use of inotropic drugs.

Pulmonary Failure

SAP is almost universally associated with pulmo-
nary dysfunction, which is often manifested as a
decreased Pao2 in the first hours to days of illness
without radiographic abnormalities.34 Later, alter-
ations such as atelectasis and pleural effusions may
become apparent, but the principal threat to pulmo-
nary function is ARDS from systemic inflammation
and the associated endocrine, paracrine, and auto-
crine molecular mechanisms.34,35 Recognition that
the pathophysiologic mechanisms responsible for the
poor oxygenation in ARDS patients are distinctly
different from those characteristic in hydrostatic
pulmonary edema (ie, congestive heart failure) is
essential to the appropriate early management of
SAP.36

ARDS respiratory failure that is not cardiac in
origin develops in at least one-third of patients with
SAP.35 Early management includes support of the
lungs with current ventilator modalities and an un-
derstanding that the respiratory alterations are driven
by the inflammatory illness (SAP) and not by the fluid
used to resuscitate the circulation.35 Depleting intra-
vascular volume for the pulmonary alterations in the
midst of circulatory embarrassment will not amelio-
rate the underlying condition unless true cardiogenic
hypoperfusion has been identified. After restoration
of the circulation, a more cautious fluid management
strategy may improve short-term lung recovery.36,37

Renal Failure

Table 3 lists the potential causes of acute renal
failure in patients with pancreatitis. In the setting of
SAP, acute renal failure is associated with a mortality
risk as high as 50%.38

Renal impairment is first subject to the distinc-
tion between prerenal and renal etiologies. Prere-
nal oliguria and increasing creatinine concentra-
tions are managed by the enhancement of global
circulation. Renal injury sufficient to cause acute
tubular necrosis also is managed by assuring that
the circulation meets global oxygen demand as
well as by avoiding renal toxins (eg, IV contrast
agents).

Table 3—Etiologies of Acute Renal Failure in SAP

Description

Global hypoperfusion
Microcirculatory hypoperfusion
Inflammatory mediators
ACS
Rhabdomyolysis
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Prevention of Infection

The emergence of infected pancreatic necrosis from
both local and systemic processes, including pseudoan-
eurysm formation and massive hemorrhage, as well as
from recurrent or progressive multisystem organ fail-
ure, can be lethal. A necrotic pancreas is at high risk for
infection, usually from organisms contained in the
nearby bacterial and fungal reservoirs of the colon and
the acid-suppressed stomach. This typically happens
without a gross opening in the GI tract, presumably
through translocation, and can reflect the microflora
alterations (eg, prevalence of Enterococcus, coagulase-
negative Staphylococcus, hospital Gram-negative flora,
and Candida species) associated with a critical care
setting.39

Antibiotic Prophylaxis

The infection of necrotic pancreatic tissue repre-
sents a morbid and often fatal late complication of
acute pancreatitis. Because outcomes are signifi-
cantly worse,40 many efforts23,41–46 have focused on
reducing the rates of infection either through the use
of prophylactic antibiotics or by selective digestive
decontamination.47 Early studies48,49 used antibiotic
regimens that later were shown to have poor pene-
tration into infected pancreatic tissue. Antibiotic
prophylaxis has been a controversial topic and the
subject of several metaanalyses.50–54 The Cochrane
Collaboration54 examined the effectiveness and
safety of therapy with prophylactic antibiotics in
patients with acute pancreatitis complicated by pan-
creatic necrosis and noted an association with signif-
icantly decreased mortality but not with infected
pancreatic necrosis. However, previous metaanalyses
did not include the two most recent studies23,46 that
were double blinded, neither of which showed any
benefit for prophylactic antibiotics with respect to
development of infected pancreatic necrosis, re-
quirement for surgical intervention, or mortality.

Enteral Feeding

Although it has long been part of the traditional
approach to the treatment of acute pancreatitis,
bowel rest, in an effort to reduce stimulation of
exocrine pancreatic secretion, has not shown im-
proved outcomes. In fact, enteral nutrition offers
several theoretical advantages over total parenteral
nutrition, including maintaining the integrity of the
GI barrier and preventing bacterial overgrowth and
translocation. It also limits complications associated
with total parenteral nutrition, such as hyperglyce-
mia and catheter sepsis. When delivered into the
mid-jejunum or distal jejunum, elemental enteral
nutrition does not stimulate pancreatic secretion.55,56

A metaanalysis57 of six randomized trials of total
parenteral nutrition compared with enteral nutrition
delivered by a nasojejunal tube placed beyond the
ligament of Treitz noted an overall reduction in the
number of infections in patients receiving enteral
nutrition and a reduction in the need for pancreatic
surgery, but no reduction in organ failure or mortality.

Indications for Intervention
Infected Pancreatic Necrosis

When the infection of pancreatic necrosis oc-
curs, intervention that includes surgical debride-
ment and image-guided drainage is indicated.40

Infection should be suspected based on clinical
findings of fever, leukocytosis, and hypotension,
usually 1 to 2 weeks after diagnosis.58 Confirmation
of infected peripancreatic material should be per-
formed using fine-needle aspiration of pancreatic
tissue and necrosis or fluid collections.40 Infected
necrosis demands debridement, with the probability
that multiple interventions over days to weeks will be
necessary to provide effective mechanical clearance
of the infected material. Sterile pancreatic fluid
collections typically will resolve within 6 weeks, but
up to 15% will persist as encapsulated pseudo-
cysts.59,60 Although small ($ 6 cm) and asymptom-
atic pseudocysts may be managed conservatively,
large, symptomatic, infected, or rapidly expanding
pseudocysts require intervention and drainage.58

There also is a role for surgery in patients with sterile
necrosis whose conditions do not improve despite
maximal supportive care.61

Abdominal Compartment Syndrome

The progression of edema in the abdominal cavity
and retroperitoneal space attendant to SAP as well as
intravascular volume restoration can result in a suf-
ficient increase in intraabdominal pressure (IAP) to
cause abdominal compartment syndrome (ACS),
which, in turn, can lead to further hypoperfusion in
both a regional fashion (high venous resistance) and
a global fashion (decreased venous return) and, thus,
increase the risk of tissue injury. IAP elevation has
been associated with an increased risk of multisystem
organ failure, peripancreatic infection, and death.62,63

Definitions of ACS vary and can include an abso-
lute pressure of " 25 mm Hg with organ malfunc-
tion and abdominal perfusion pressure (mean arte-
rial pressure-IAP) of $ 50 mm Hg in some reports or
$ 60 mm Hg in others with organ malfunction.64,65

An elevated IAP can cause thoracic alterations that
result in high peak and plateau pressures from
decreased thoracic compliance, and high ventilator
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settings can further threaten venous return. The
release of abdominal pressure, however, can result in
sudden, striking improvement in cardiopulmonary
and renal function. The techniques used, ranging
from draining ascites to a xiphoid-to-pubis incision,
depend on individual patient circumstances.

Summary

The impact of medical care on mortality from SAP
appears to have reached a plateau. Optimal manage-
ment includes early and aggressive circulatory resus-
citation starting at the time of diagnosis and the
support of pulmonary and renal function as neces-
sary. Therapy with systemic antibiotics will not pre-
vent infected pancreatic necrosis, but enteral feeding
does reduce infection risk. Monitoring IAP and
anticipating ACS are as significant as measuring BP,
pulse, and urine output in the critical care manage-
ment of patients with SAP. Early surgical interven-
tion is indicated only for the treatment of ACS. Late
indications for surgery most often include drainage
and debridement of infected pancreatic necrosis
(Table 4).

As an illness driven by the consequences of severe
systemic inflammation, further reductions in mortal-
ity from SAP may be realized by applying evaluation
and management strategies that have been success-
ful for the treatment of severe sepsis. Because the
pancreas is suffering from the combined effects of
severe inflammation and hypoperfusion, the sys-
temic amelioration of these noxious processes may
prove to not only protect the patient, but also to
diminish the damage at the inciting location.66
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