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Introduction

Acute pancreatitis is currently the leading cause
of gastrointestinal-related hospital admissions
[1]. Approximately 80 % of patients who develop
acute pancreatitis, regardless of etiology, have
mild disease. The remaining patients develop
severe disease characterized by end organ failure
and/or necrosis of the pancreatic parenchyma or
peripancreatic fat [2-4]. In mild interstitial dis-
ease mortality is about 3 % and reaches 17 % in
patients who develop gland necrosis [4]. Organ
failure, a consequence of the systemic inflamma-
tory response incited by an insult to the pancreas,
is an integral part of the definition of severe disease.
Patients who develop multisystem organ failure
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have significantly increased mortality rates
sometimes surpassing 60 % [5-8].

Predicting disease severity in acute pancreati-
tis has been an area of increasing interest over the
past few decades. This has been driven by the fact
that acute pancreatitis is a highly variable physi-
ologic process that can lead to a broad range of
clinical outcomes. These outcomes range from
mild, self-limited disease to a systemic inflam-
matory process that can progress to organ failure
and mortality. Moreover, local complications can
develop, including acute fluid collections, gland
and peripancreatic necrosis, and portosplenomes-
enteric venous thrombosis. Infection of necrosed
tissue, which can occur later in the disease course,
contributes significantly to mortality [4, 7, 9].
Identifying patients at risk for these severe com-
plications is therefore crucial for modifying
clinical outcomes. The early recognition of disease
severity enables clinicians to tailor medical man-
agement and transition patients to the appropriate
level of care [4].

Risk Factors

A thorough clinical assessment plays a key role
in the overall risk stratification of patients with
acute pancreatitis as pre-existing clinical comor-
bidities serve as risk factors for the development
of organ failure and mortality. Obesity is a
comorbid condition that has been extensively
studied as a risk factor for the development of
both local and systemic disease complications

C.E. Forsmark and T.B. Gardner (eds.), Prediction and Management of Severe Acute Pancreatitis, 57
DOI 10.1007/978-1-4939-0971-1_5, © Springer Science+Business Media New York 2015


mailto:mounzerr@upmc.edu
mailto:papachri@pitt.edu

58

[10-12]. Patients with a body mass index (BMI)
>=30 have been shown to be at a significantly
increased risk for organ failure, pancreatic
necrosis, and mortality [10]. These observations
have been supported by histological studies
demonstrating that patients with a higher BMI,
and therefore a higher percentage of intra-
pancreatic fat, develop more severe disease.
Additionally in vitro studies utilizing pancreatic
acinar cells have demonstrated that unsaturated
fatty acids induce the generation of inflamma-
tory mediators that can ultimately lead to cell
death. These findings suggest a role for lipotox-
icity in propagating systemic inflammation [13].

Other risk factors that have been evaluated as
clinical predictors of disease severity include
age, sex, and medical comorbidities. In a large
retrospective study, male sex, increased age
(>65 years), and the number of chronic medical
comorbidities were shown to be significantly
associated with early mortality. The medical con-
ditions found to predispose patients to early mor-
tality included malignancy, heart failure, chronic
kidney disease, and liver disease [14]. Increased
age (>=70 years) was shown to be a significant
risk factor for the development of organ failure
and mortality in another retrospective study [15].
Moreover, patients who consume more than two
alcoholic drinks per day are at an increased risk
for developing pancreatic necrosis [16]. Although
genetic testing is still not utilized in daily clinical
practice, pilot studies have assessed several sin-
gle nucleotide polymorphisms as risk factors for
severe acute pancreatitis. A common polymor-
phism in the promoter of the monocyte chemo-
tactic protein-1 (MCP-1) gene, namely the
MCP-1-2518 G allele, has been shown to increase
the risk for organ failure [17].

Clinical risk factors should thus be identified
by means of a detailed history taking and physi-
cal examination. This provides the initial assess-
ment and preliminary risk stratification in patients
presenting with acute pancreatitis. Studies evalu-
ating the ability of clinical assessment alone in
predicting severe disease, found clinical judg-
ment to have a high specificity with sensitivities,
however, below 50 % [18, 19].
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Clinical Scoring Systems

Following the initial clinical assessment, further
risk stratification can then be implemented by
utilizing clinical scoring systems for the predic-
tion of disease severity. Over the past three
decades, a myriad of such clinical scores have
been developed and validated in different cohorts
of patients with acute pancreatitis. Several of
these scoring systems have been utilized to triage
patients in clinical practice. Moreover, they have
been used extensively in research to identify
patients at risk for severe disease. Here we dis-
cuss the main clinical scoring systems available
to date and review their performance characteris-
tics (Table 5.1).

The first clinical scoring system for the predic-
tion of disease severity in acute pancreatitis was
developed by Ranson and colleagues in 1974. See
also Chap. 7. This scoring system represented a
landmark in the field as prior assessment of
patients with acute pancreatitis was based solely
on clinical judgment. The Ranson score incorpo-
rated objective laboratory and clinical data col-
lected upon initial presentation and within the
following 48 h [20, 21]. The 11 prognostic param-
eters utilized in the Ranson score were selected,
based on a statistical analysis, from among 43
variables in a retrospective cohort of 450 patients.
When evaluated in a study of 386 patients who
presented with an initial attack of acute pancreati-
tis, a Ranson score of >=3 was found to be asso-
ciated with a mortality of 15 %. A score of >=6
was associated with 40 % mortality [22]. A meta-
analysis evaluating 110 clinical trials that utilized
the Ranson score for predicting disease severity
showed it to be a moderately accurate predictor
with performance characteristics similar to those
of clinical judgment [23]. The 48 h needed to
complete the score also posed a significant limita-
tion in that this time interval during the early
stages of the disease course is critical for optimiz-
ing medical intervention and allocating patients to
the appropriate level of care [4].

A more rigorous scoring system, the Acute
Physiology and Chronic Health Evaluation II
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Table 5.1 Clinical scoring systems, year of initial report, and associated parameters?

Scoring system Year Parameters

APACHE-II® 1989 Admission & 48 h: temperature, MAP, heart rate, respiratory rate, PaO,, arterial pH,
HCO;, sodium, potassium, creatinine, hematocrit, WBC, Glasgow Coma Score, age,
chronic health points

BISAP 2008 Admission & 48 h: BUN (>25 mg/dL), impaired mental status (Glasgow Coma
Score<15), SIRS (>=2), age (>60 years), pleural effusion

Glasgow 1984 Admission & 48 h: age (>55 years), WBC (>15,000/mL), glucose (>180 mg/dL),
BUN (>45 mg/dL), PaO, (<60 mmHg), calcium (<8 g/dL), albumin (<3.2 g/dL),
LDH (>600 IU/L)

HAPS 2009 Admission & 48 h: abdominal tenderness, hematocrit (>43 mg/dL for men or
>39.6 mg/dL for women), creatinine (>2 mg/dL)

JSS 2009 Admission & 48 h: base excess (<=3 mEqg/L), PaO, (<=60 mmHg or respiratory
failure), BUN (>=40 mg/dL) or Cr (>=2 mg/dL), LDH (>=2x upper limit of
normal), platelet (<=100,000/mm?), calcium (<=7.5 mg/dL), CRP (>=15 mg/dL),
SIRS (>=3), age (>=70 years)

Panc3 2007 Admission & 48 h: hematocrit (>44 mg/dL), BMI (>30 kg/m?), pleural effusion

POP® 2007 Admission & 48 h: age, MAP, PaO,:FiO,, arterial pH, BUN, calcium

Ranson 1974 Admission: age (>55 years), WBC (>16,000/mL), glucose (>200 mg/dL), LDH
(>350 IU/mL), AST (>250 IU/mL)

48 h: hematocrit (decrease> 10 %), BUN (increase >5 mg/dL), calcium (<8 mg/dL),
PaO, (<60 mmHg), base deficit (>4 mEq/L), fluid sequestration (>6 L)
SIRS 2006 Admission & 48 h: temperature (<36 or >38 °C), heart rate (>90/min), respiratory

rate (>20/min or PaCO,<32 mmHg), WBC (<4,000/mm?, >12,000/mm? or >10 %
bands)

BMI body mass index, WBC white blood cell count, BUN blood urea nitrogen, MAP mean arterial pressure, PaO, partial

pressure of oxygen, FiO, fraction of inspired oxygen, LDH lactate dehydrogenase, CRP C-reactive protein
aScores are presented in alphabetical order. Reprinted from [40], with permission from Elsevier
"Parameter cut-offs were not indicated for the APACHE-II and POP scores due to the fact that these scores utilize

value ranges

(APACHE-II), was subsequently developed in
1989 and has been utilized extensively in assess-
ing disease severity in acute pancreatitis. In addi-
tion to encompassing a broad range of clinical
data including vital signs, blood studies, and a
neurologic assessment, the APACHE-II score
also took into account chronic illness [18]. In
contrast to the Ranson score, it can be calculated
on admission and updated daily during the hospi-
talization, thus allowing for closer monitoring of
the clinical course and response to therapy. The
main drawbacks of the APACHE-II score are its
complexity and the fact that it is not pancreatitis-
specific, as it was designed for patients requiring
critical care. Moreover, it is cumbersome to cal-
culate on a daily basis and some of the variables
incorporated into the score are not routinely
recorded outside of the intensive care unit.
Another pancreatitis-specific score, similar to
the Ranson score in that it requires 48 h to be

calculated, is the Glasgow score [24]. In well-
designed, prospective studies performed
approximately 20 years ago, the Ranson,
Glasgow, and APACHE II scoring systems were
found to have similar accuracies in predicting
severity in acute pancreatitis [18, 25, 26].
Following these studies, research on clinical
scoring systems subsided for about a decade.
Scoring systems, however, have regained sig-
nificant attention in recent years with a focus on
the development of simple scores that are easy to
calculate and apply clinically. The systemic
inflammatory response syndrome (SIRS), based
on four clinical parameters, has been long estab-
lished as a physiologic clinical response that is
induced by nonspecific insults to the body [27].
The four parameters include: temperature (<36 or
>38 °C), heart rate (>90 beats/min), respiratory
rate (>20 respirations/min or PaCO, <32 mmHg),
and white blood cell count (<4,000/mm?,
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>12,000/mm* or >10% bands). In recent years
SIRS, which precedes the development of organ
failure, has been further investigated as a prog-
nostic clinical score in acute pancreatitis. In a pro-
spective study of 121 patients with acute
pancreatitis predicted to have a severe course of
disease based on an APACHE-II score >=6, early
organ dysfunction was found to be significantly
associated with mortality. Moreover, the presence
of SIRS (score of >=2) on admission, at 24 h,
48 h, and persistent SIRS (SIRS present through-
out the initial 48 h), were also significantly associ-
ated with mortality [28]. A subsequent large
retrospective study reaffirmed persistent SIRS to
be strongly associated with mortality [29]. Given
the readily available parameters used for calculat-
ing the SIRS score, its simplicity, ability to be cal-
culated daily, and strong correlation with poor
clinical outcomes, monitoring for the persistence
of SIRS has been recommended in recent man-
agement guidelines for the prediction of disease
severity in acute pancreatitis [30].

In light of this data, studies assessing medical
intervention targeted at abrogating systemic
inflammation were performed in an attempt to
improve clinical outcomes. Early fluid resuscita-
tion, for example, was shown to significantly
reduce both SIRS and organ failure in patients
with acute pancreatitis. This also led to signifi-
cantly shorter hospitalizations and a decreased
need for intensive care in these patients [31]. In a
prospective pilot study, lactated Ringer’s was
found to be more effective than normal saline in
reducing systemic inflammation [32].

SIRS has also been incorporated into a more
recently developed clinical scoring system for
predicting overall prognosis in acute pancreati-
tis. The Bedside Index of Severity in Acute
Pancreatitis (BISAP) includes five clinical
parameters, one of which is SIRS>=2. These
five parameters are: age >60 years, blood urea
nitrogen >25 mg/dL, SIRS >=2, impaired men-
tal status with a Glasgow Coma Score <15, and
presence of pleural effusions [33]. A BISAP
score >=3, calculated within 24 h of admission,
was shown to be significantly associated with
both the development of organ failure and pan-
creatic necrosis in a large prospective study [34].
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In a follow-up prospective study, the BISAP
score had a similar accuracy in predicting the
development of organ failure, pancreatic necro-
sis, and mortality when compared to the Ranson
score and APACHE-II [35].

Panc 3, another simple clinical scoring sys-
tem, was developed at about the same time as the
BISAP score and included three clinical parame-
ters (hematocrit >44 mg/dL, BMI> 30 kg/m?, and
pleural effusions), which had each individually
been shown to predict severe disease [36]. The
harmless acute pancreatitis score (HAPS) was
also recently developed in Germany. This scoring
system is unique in that it was designed to iden-
tify patients expected to have a mild course of
disease. Moreover, it only incorporates three
parameters: abdominal tenderness, hematocrit
>43 mg/dL for men or >39.6 mg/dL for women
and creatinine >2 mg/dL. In a prospective study
that had a validation cohort, absence of these
parameters identified patients with uncompli-
cated acute pancreatitis with a specificity of 97 %
and a positive predictive value (PPV) of 98 %
[37]. Other scoring systems that predict disease
severity have also been recently reported includ-
ing the pancreatitis outcome prediction (POP)
score and the new Japanese severity score [38,
39]. The POP score incorporates six objectively
weighted clinical variables obtained from patients
admitted to the ICU [38]. The new Japanese
severity score incorporates nine prognostic
variables.

Overall, the studies performed to develop and
validate the above mentioned clinical scoring
systems are limited by heterogeneity between
different populations and varying endpoints
among the different studies. Some studies used
the original Atlanta criteria for the assessment of
disease severity, whereas others evaluated mor-
tality. A recent large dual-center study, conducted
to compare all available clinical scoring systems
in two prospective cohorts of patients with acute
pancreatitis, found all the above described clini-
cal scoring systems to have comparable perfor-
mance characteristics with only modest overall
accuracies among all the scoring systems.
Performance characteristics of the various scoring
systems from the training cohort of this study are
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Table 5.2 Comparison of sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
and overall accuracy determined by area under the curve
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(AUC) for each scoring system at the specified score
cut-off. These values are obtained from the training cohort
(n=256) in this study®

Score Cut-off Sensitivity Specificity PPV NPV AUC

APACHE-II 7 0.84 (=0.11) 0.71 (x0.06) 0.49 (x0.11) 0.93 (x0.08) 0.77 (+0.07)
BISAP 2 0.61 (x0.20) 0.84 (x0.04) 0.54 (+0.10) 0.87 (x0.10) 0.72 (+0.10)
Glasgow 2 0.85 (x0.08) 0.83 (x0.07) 0.61 (x0.06) 0.95 (x0.05) 0.84 (+0.06)
HAPS 1 0.70 (£0.11) 0.53 (£0.21) 0.32 (£0.11) 0.85 (x0.13) 0.62 (+0.06)
JSS 2 0.59 (x0.13) 0.92 (x0.05) 0.70 (x0.16) 0.88 (x0.07) 0.76 (+0.07)
Panc3 1 0.76 (0.15) 0.52 (x0.05) 0.34 (0.11) 0.87 (x0.11) 0.64 (+0.06)
POP 9 0.57 (0.15) 0.76 (x0.06) 0.43 (x0.16) 0.85 (x0.08) 0.67 (+0.09)
Ranson 2 0.66 (x0.09) 0.78 (x0.10) 0.49 (x0.17) 0.88 (+0.08) 0.72 (+0.06)
SIRS 2 0.70 (x0.18) 0.71 (x0.04) 0.43 (x0.10) 0.88 (x0.11) 0.70 (+0.10)

2Adapted from [40], with permission from Elsevier

presented in Table 5.2. Furthermore, combining
these scoring systems in order of increasing com-
plexity as part of predictive rules in an attempt to
improve predictive accuracy yielded no signifi-
cant improvement in their performance charac-
teristics. This highlighted the limitations of
clinical scoring systems in prognosticating dis-
ease severity and suggested that these scoring sys-
tems have reached their maximal predictive
capacity. This may be due to the fact that in the
majority of clinical scoring systems clinical
parameters are converted from continuous to
dichotomous values [40].

Laboratory Markers

Multiple laboratory markers have also been
evaluated individually as predictive markers of
disease severity including hematocrit, blood urea
nitrogen (BUN), creatinine, and C-reactive pro-
tein (CRP) levels [4]. Serum hematocrit, which
serves as a surrogate marker for intravascular
volume, has been evaluated in several studies as a
predictor of pancreas necrosis and organ failure
[41-43]. Pancreatic necrosis has been attributed
to an increase in vascular permeability; a conse-
quence of the systemic inflammatory process that
can be induced by pancreatic injury. This increase
in vascular permeability leads to a decrease in
intravascular volume, an increase in blood viscos-
ity, and thus an impairment in microcirculation

within the pancreatic parenchyma resulting in
tissue necrosis [3, 4, 44, 45]. In a landmark study
performed in 1998 comparing patients with pan-
creas necrosis to those with mild acute pancreati-
tis, both a hematocrit >=47 % on admission and
failure to decrease the hematocrit within the first
24 h were both found to be significantly associ-
ated with the development of necrosis [41]. In a
follow-up prospective study by the same group, a
serum hematocrit of >=44 % upon admission
and failure to decrease the hematocrit level with
intravenous hydration within the first 24 were
found to be significant predictors of both pan-
creas necrosis and organ failure [42]. In a subse-
quent prospective study of patients with a first
attack of acute pancreatitis, hemoconcentration at
different cut-off values was found to be signifi-
cantly associated with length of hospitalization
and length of ICU stay, but not with the develop-
ment of organ failure or morality. Performance
characteristics of hemoconcentration were compa-
rable to the Ranson and Glasgow scores in this
study [43].

BUN serves as another surrogate marker for
intravascular volume and catabolic states. As
such, the relationship between hemoglobin and
BUN, as well as their performance characteris-
tics, were evaluated in an observational study that
incorporated retrospectively collected data from
69 hospitals in the U.S. Rising BUN levels within
the first 48 h of hospitalization were found to be
significantly associated with mortality. This relation-
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ship, however, did not hold true for hemoglobin.
BUN levels upon admission and changes in BUN
over time were found to be independent predic-
tors of mortality with each 5 mg/dL rise in BUN
leading to an increase in the odds ratio for mor-
tality of 2.2. When compared to other laboratory
parameters (calcium, hemoglobin, creatinine,
white blood cell count, and glucose) BUN was
found to have the highest accuracy of predicting
in-hospital mortality with an area under the curve
(AUC) of 0.90 [46]. In patients with pancreas
necrosis, elevated BUN correlated with both pro-
longed ICU stay and mortality [47]. An interna-
tional multicenter validation study further
supported the role of BUN in predicting mortal-
ity. A BUN>=20 mg/dL upon admission was
associated with an odds ratio of 4.6 for mortality.
When BUN was measured serially during hospi-
talization, it was also found to be comparable to
both creatinine and the APACHE-II score in pre-
dicting mortality with an AUC of 0.80. A decline
in BUN of >=5 mg/dL with fluid resuscitation
led to a significant decrease in mortality [48].
Comparison of admission hematocrit, BUN,
and serum creatinine in a prospectively enrolled
cohort of 129 patients found all three parameters
to be significantly associated with pancreas necro-
sis. A peak serum creatinine >1.8 mg/dL during
the first 48 h of hospitalization was associated
with the highest odds ratio (OR) for the develop-
ment of necrosis (OR=35) [49]. A follow-up
study revealed a lower sensitivity and PPV and
comparable specificity and negative predictive
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value (NPV) for the prediction of pancreas necro-
sis [50]. The differences in these results have been
attributed to differences in the populations
between the two studies; the index study popula-
tion had a higher prevalence of pancreas necrosis
that was driven by a referral bias of transferred
patients with more severe disease [51].

CRP is a widely available and inexpensive
marker of systemic inflammation that has been
studied as a predictor of disease severity in acute
pancreatitis [52]. In a retrospective study, a CRP
level measured at 48 h was found to be a moder-
ately accurate prognostic marker for severe dis-
ease. CRP levels predicted the development of
organ failure, pancreas necrosis, and inpatient
mortality with AUCs ranging from 0.7 to 0.81.
Cut-off values used for these endpoints were
190 mg/L, 190 mg/L, and 170 mg/L, respectively
[53]. Urine trypsinogen-2, urine trypsinogen acti-
vation peptide, and interleukin-6 have also been
evaluated for assessing disease severity in acute
pancreatitis. These tests, however, have yet to be
established in clinical practice [54, 55].

Radiographic Scores

Several radiographic scoring systems utilizing
computed tomography (CT) have been proposed
over recent years for the assessment of disease
severity (Table 5.3). See also Chap. 6. The
Balthazar CT score, the first radiographic score
developed in 1985, graded severity based on the

Table 5.3 Radiographic scoring systems, year of initial report, and associated parameters

Radiographic score Year
Balthazar Score [57] 1985
CT Severity Index (CTSI) [62] 1990
Extrapancreatic Score (EP) [60] 1985
Extrapancreatic Inflammation 2007
on CT (EPIC) [61]

Mesenteric Edema and 2003
Peritoneal Fluid (MOP) [59]

Pancreas Size Index (PSI) [58] 1989

CT parameters

Gland enlargement, peripancreatic inflammatory changes,
fluid collections, gas within or around the pancreas

Peripancreatic inflammation, pancreas necrosis, phlegmon
formation

Extrapancreatic findings
Pleural effusion, ascites, retroperitoneal inflammation

Mesenteric edema, peritoneal fluid

Anteroposterior dimensions of the pancreas head and body
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presence or absence and number of fluid collec-
tions on initial non-contrasted CT. Patients found
to have fluid collections on CT had a higher mor-
bidity and mortality than those without [56, 57].
Other scoring systems based on non-contrasted
CT scan findings include: the pancreatic size index
(PSI), mesenteric edema and peritoneal fluid
(MOP), extrapancreatic (EP), and extrapancreatic
inflammation on CT (EPIC) scores [58-61]. The
more recent CT severity index (CTSI) is based
upon contrast-enhanced CT and thus incorporates
inflammatory changes with the presence or
absence of pancreatic necrosis to generate a
numeric score [62]. In a large prospective study
comparing the performance characteristics of
CTSI (obtained within 48 h) to the Ranson,
APACHE-II, and BISAP scores, these scores were
found to perform comparably. The CTSI score, as
expected, had the highest accuracy for predicting
pancreatic necrosis [35]. More recently, a study
evaluating the accuracy of several radiographic
scoring systems, including the CTSI score on the
day of admission to the BISAP and APACHE-II
scores, found no significant differences in the pre-
diction of disease severity or overall mortality.
Based on the comparable performance character-
istics found in this study, it was recommended that
CT scans not be obtained upon admission for the
purpose of assessing disease severity [63].

Conclusion

Despite extensive research over the past few
decades, a highly accurate clinical scoring sys-
tem, laboratory marker, or radiologic score for
predicting disease severity in acute pancreatitis
has yet to be developed. This likely reflects
underlying deficiencies in the scientific and sta-
tistical processes used to develop these scores, as
well as the complexity and heterogeneity of this
disease. Overall, the above approaches can only
predict severe disease with moderate accuracy.
The authors’ recommendations to clinicians are
therefore to assess host risk factors (i.e., age,
presence of obesity, alcohol use) and utilize labo-
ratory values and simple scoring systems in the
early phase of acute pancreatitis both for risk
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stratification upon admission and to assess the
response to therapy within the first 24—48 h [30].
This is summarized as follows:

1. A BUN level of >=20 mg/dL upon admis-
sion, or failure to decrease after 24 h despite
adequate resuscitation, places patients at sig-
nificant risk for mortality.

2. A peak Cr level of >1.8 mg/dL within the
first 48 h should raise concern for pancreatic
necrosis, even in patients that do not require
ICU admission.

3. Presence of systemic inflammatory response
syndrome (SIRS score >=2) on admission
and persistence of SIRS for 24-48 h despite
adequate fluid resuscitation is highly predic-
tive of the development of organ failure.
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