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Abstract A small but significant percentage of patients with acute pancreatitis die within 2 weeks of hospitalization,
usually with multiorgan system failure. To determine the effect of chronic medical comorbidities on early death, we
conducted a retrospective analysis of all patients who were hospitalized in California with first-time pancreatitis between
1992 and 2002. Among 84,713 patients, 1514 (1.8%) died within 2 weeks. In a risk-adjusted multivariate model, the
strongest predictors of early death were age 65 to 75 years (OR=2.6, 95% CI: 2.2–3.1 versus <55 years), age over 75 years
(OR=5.2, 95% CI: 4.4–6.1), and the presence of either two chronic comorbid conditions (OR=3.5, CI: 2.7–4.6) or three or
more comorbidities (OR=7.4, 95% CI: 5.7–9.5). Among the 14,280 patients younger than 55 years who had no chronic
comorbid conditions, only 14 (0.1%) died in the first 14 days compared to 701 (5.9%) of 24,852 patients 64 years or older
who had three or more comorbidities (RR=29, 95% CI: 17–50). Comorbid conditions associated with early death included
recent cancer, heart failure, renal disease, and liver disease. We conclude that advancing age and the number of chronic
comorbid conditions are very strong predictors of early death among patients with acute pancreatitis.
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Introduction

Acute pancreatitis is a significant medical and surgical
problem.1 Estimates of the incidence vary widely, but it is
approximately eight to 30 cases per 100,000 persons based
on studies in Europe.2–7 The reported case-fatality rate
ranges between 2 and 9% depending on the exact case
definition, with approximately half of the deaths occurring
very early within 2 weeks of hospitalization, with the majority
manifesting multiple organ system failures.8–12 After this
early phase, most studies suggest that sepsis and other
complications are the principal causes of late deaths.12,13

Most studies of patients with pancreatitis have been
observational in nature, usually case series of patients
hospitalized at large university medical centers.10–13 Clinical
studies aimed at defining risk factors associated with death in
the first 1 or 2 weeks after presentation have generally looked
at the interrelationships between clinical features, laboratory
findings, extent of pancreatic necrosis, and the development
of acute organ system failure or death. The goal has been to
identify patients at high risk for early multiorgan system
dysfunction and death.14 These studies have analyzed an array
of clinical parameters collected at the time of admission or
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during the first 48 h, such as APACHE II parameters score,15,16

or Ranson score,17 or Imrie (Glasgow) score,14,17,18 and
laboratory test findings,19–21 with the goal of accurately
determining not only the severity of the pancreatitis, but also
short-term prognosis. Unfortunately, researchers have not been
able to develop and validate a prediction tool that is useful in
individual patients.14,22 Clinically, aggressive fluid replacement
and supportive care are the cornerstones of treatment, with
many experts recommending transfer of sicker patients to
specialty centers as rapidly as possible.22

Although some studies of mortality in patients with
acute pancreatitis have analyzed the effect of age together
with crude measures of prior medical health,14,23,24 there
have been no comprehensive studies that have determined the
effect of preexisting chronic medical conditions on either
early or late mortality in patients with acute pancreatitis. The
only specific comorbidity that has been reported to be
associated with increased mortality is obesity.14,25 A parallel
situation exists in the study of cancer patients, as most oncology
studies tend to focus on the effect of the type of cancer, the
stage, and the histology and treatment effects on mortality.
However, recent studies have shown that the number and
severity of preexisting comorbid conditions strongly influence
survival of cancer patients in a dose-dependent fashion, with an
effect independent of cancer stage.26–30

The current study was undertaken to determine if age,
ethnicity/race, sex, and presence of chronic morbid medical
conditions are significantly predictors of death among
patients with acute pancreatitis.

Materials and Methods

Data Base

The California Patient Discharge Data Set has been described
in detail in other manuscripts.31,32 Except for 12 Veteran
Administration and two military hospitals, all acute care
hospitals (N=470) supply specific information about each
inpatient, including basic demographic data, the principal
diagnosis, up to 24 secondary diagnoses, a principal proce-
dure, and up to 20 secondary procedures using International
Classification of Diseases, 9th Revision, Clinical Modification
(ICD-9-CM) codes. Use of an encrypted record linkage
number allows serial hospitalizations to be linked. The study
was approved by the California Health and Welfare Agency
Committee for the Protection of Human Subjects, and the
University of California, Davis Human Subjects Committee.

Study Cohort

The study cohort was made up of all cases admitted for the
first time with a principal diagnosis of acute pancreatitis (ICD-

9-CM, 577.0) between Jan 1, 1992 and Sept 31, 2000 and
without a secondary diagnosis of chronic pancreatitis (578.0).
Cases that had a prior diagnosis of either acute or chronic
pancreatitis (principal or secondary) during the previous 4-
year period were excluded. Cases with a secondary diagnosis
of acute pancreatitis were excluded included (n=6565, 7.5%),
as were cases with human immunodeficiency virus infection.
To validate the predictive value of a principal diagnosis of
acute pancreatitis, 277 consecutive records at the UC Davis
Medical Center that were coded as having a principal
diagnosis of acute pancreatitis were reviewed.

For each case, a specific etiologic subtype of acute
pancreatitis was determined based on the presence of a
commonly recognized risk factor(s). Subtypes were assigned
in an ordered hierarchical fashion. First, cases that had
coexisting pancreatic cancer (157.x) were assigned as subtype
1; remaining cases that had systemic lupus or a systemic
rheumatic disease (710.0, 714.0) were assigned as subtype 2;
then all cases that underwent endoscopic retrograde chol-
ecystoscopy <1 month before admission (51.10, 51.11) were
assigned as subtype 3; then cases with both biliary disease
(574, 575.0, 575.1, 576 at time of 3 or ≤3 months before
admission) and chronic alcohol abuse (codes at the time of
hospitalization or <1 year=291, 303, 305.0, 357.5 ,425.5,
571.0, 5711, 5712, 5713,9800, V113) were categorized as
subtype 4; all remaining cases with biliary disease alone
(cholelithiasis or cholecystitis) were assigned as subtype 5;
remaining cases with chronic alcoholic abuse (codes listed
above) were assigned as Subtype 6; then cases with
hyperlipidemia (272) or hyperparathyroidism (252.0) were
assigned as subtype 7; then cases with other abdominal
surgery within 3 months (biliary, stomach, bowel or splenec-
tomy defined using DRG codes) were called subtype 8, and
finally, all remaining cases were assigned as having idiopathic
pancreatitis, or subtype 9. Any case hospitalized for longer
than 91 days (<1%) was excluded as an outlier.

Comorbidity

We determined the presence of comorbid medical disorders
using a modification of the Healthcare Costs and Utilization
Project (or Elixhauser) comorbidity software.33,34 This
index is made up of 29 groups of ICD-9-CM codes that
identify specific chronic medical conditions such as chronic
congestive heart failure, renal failure, chronic pulmonary
disease, diabetes, etc. For almost all of the conditions included
in the index, the codes for chronic comorbidity specifically
exclude acute medical illness. However, three groups of codes
were deemed to more likely reflect acute illness rather than
chronic illness, and these groups were not included (fluid and
electrolyte disorder, blood loss anemia, coagulation defect).35

Also excluded were two psychiatric diagnoses that were
judged to be unlikely to affect early mortality (psychosis,
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depression). Two of the comorbidity variables were com-
bined into just one variable (diabetes with or without
complications). A variable use to identify acquired immune
deficiency syndrome (AIDS) was removed as these cases
were excluded from the pancreatitis cohort, and the variables
for chronic alcohol abuse and collagen vascular disease were
removed because these codes were used to define two of the
subtypes of pancreatitis, alcohol-related and systemic-lupus-
erythematosus-related pancreatitis. There were 20 remaining
groups of codes that defined the presence of a specific
chronic comorbid condition (see Appendix A). Information
from the index hospital and any hospitalizations in the
previous 12 months was used to define the presence of a
comorbid condition.36 Studies of the validity of comorbidity
data indicate that there is minimal misclassification, and the
agreement between chart review and the administrative data
is very good.37,38

Hospitals (N=470) were categorized as large university
or university affiliated hospitals (N=9), hospitals with over
350 beds (N=27), hospitals with 251–350 beds (N=67),
hospitals with 125–250 beds (N=106), and hospitals with
fewer than 125 beds (N=261).

Outcomes

The time between the hour of admission and midnight of
that day is defined as day 0, whereas day 1 is the first full
day in the hospital. Principal outcomes were death on day 0
to day 14, and death within days 15 and 28. In some
analyses, death in the first 91 days was the outcome. The
number of cases with organ system failures (up to seven
systems) was determined using a modifications of a
validated index developed by Sands et al.39 Codes for acute
organ failure were selected and codes for bowel ischemia or
infarction were added (see Appendix B).40–42 Death was
determined using the linked California master death registry.43

Pancreatic surgery was defined as all ICD-9-CM procedure
codes 52.x, excluding 52.22, 52.6, 52.93, but including 54.11,
54.19, and 54.5.

Statistical Analysis

Data were analyzed using SAS. Continuous variables were
compared using Student’s t test, and categorical data were
analyzed using the Chi-square test or Fisher’s exact test. Linear
regression was used to test for a trend in the incidence of
pancreatitis in California. Logistic regression was used to
model predictors of death within 14 days of presentation or the
development of two or more organ system failures during the
initial hospitalization. A separate model using the cases that
survived the first 2 weeks of illness was created to predict death
15 to 28 days after admission. Specific risk factors were forced
into the model including age, race/ethnicity, sex, hospital size,
and type of pancreatitis. Other comorbidity variables were
allowed to leave the model using backward stepwise elimina-
tion with p>0.05.

Analyses were adjusted for the clustering of observations
within hospitals using a Generalized Estimating Equations
(GEE) approach, with robust sandwich estimators of
variance and an independent within-group correlation
structure assumed. Age was modeled in discrete age
groups, using age less than 35 years as the referent.

Results

Between Jan 1, 1992 and Sept 30, 2001 a total of 84,713
cases met the study criteria for incident (first-time) acute
pancreatitis. Overall, 53.9% of the cases were women,
median age was 54.5 years, and 18.5% were over the age
of 75 years. Mean length of hospital stay was 6.0±8 days
(±S.D.), and 3.4% of all cases were hospitalized for 20 or
more days.

Table 1 shows the number and demographic character-
istics of the different pancreatitis subgroups. Cases with
biliary tract disease or cholelithiasis made up 32% of the
cohort, and, as expected, over two-thirds of these cases
were women. Twenty-one percent of the cases had alcohol-
related pancreatitis and an additional 2.5% had biliary tract

Table 1 Characteristics of the
Subgroups of Patients with
Acute Pancreatitis

Group N Percent of Total Mean Age (yrs) Percent Women Mean LOS

Idiopathic 31,579 37.3 56.9 58.5 5.5
Biliary 26,821 31.7 57.6 68.7 6.3
Alcoholic 17,655 20.8 45.8 25.5 6.1
Hyperlipidemia 5,183 6.1 52.4 50.0 6.4
Biliary + Alcohol 2,082 2.5 54.3 31.5 7.4
Systemic lupus 569 0.7 49.5 89.6 7.5
Pancreatic cancer 488 0.6 65.7 48.4 6.7
Other 336 0.4 54.2 67.3 7.2
Total 84,713 100 54.5 53.9 6.0
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disease plus alcohol abuse. The cases with alcoholic
pancreatitis were significantly younger, with a mean age
of 46 years, and 75% of these cases were men. Thirty-seven
percent of the cases that did not meet criteria for a specific
etiology were classified as idiopathic pancreatitis.

The frequency of comorbidity among the subgroups with
biliary, alcohol, and idiopathic pancreatitis, and other
measured outcomes is shown in Table 2. Over 60% of all
pancreatitis cases carried a diagnosis of one or more
comorbid condition. Cases with alcohol-related pancreatitis
had the highest percentage of cases (95%) that had one or
more comorbid condition, and 40% of these cases had three
or more conditions. In bivariate analysis, the 91-day
mortality rate was highest in the idiopathic pancreatitis
group, 5.1%, and this was significantly higher compared
with the biliary (3.6%, p<0.001) and alcoholic groups
(3.1%, p<0.001). Less than 1.5% of the cases in each
group underwent major surgery on the pancreas during the

index hospitalization. In the biliary pancreatitis group,
11,198 cases (41.8%) underwent biliary surgery or a biliary
procedure during the index hospitalization.

Figures 1, 2, and 3 show the number of deaths on each
of the first 14 days of hospitalization in the cohorts with
idiopathic pancreatitis, alcoholic pancreatitis, and biliary
pancreatitis, respectively. Included in each figure is the
distribution of the number of coexisting comorbid con-
ditions among the cases that died on each day. For the
entire cohort, 38% of all deaths in the first 14 days
occurred on day 0, 1, or 2. Only 69 (4.6%) of 1,514 cases
that died in the first 14 days had no underlying comorbid
condition compared to 25% for the cases that did not die
(p<0.001).

Table 3 shows the incidence of death and multiorgan
system failure among the pancreatitis cases that had 0, 1, 2,
or ≥3 chronic comorbid conditions and the incidence of
adverse outcomes among the cases that had one (or more)

Table 2 Incidence of Comorbidity and Death in Major Pancreatitis Subgroups

Subgroup N Number of
Comorbidities

Death
≤3 mo

Percentage of early deaths in
Specified Time Period

≥2 Organ System
Failures ≤3 mo

Pancreatic Surgery
≤3 mo

=0
(%)

1 or 2
(%)

>3
(%)

N (%) Weeks
1–2

Weeks
3–4

Weeks
5–12

N (%) N (%)

Idiopathic 31,579 29.3 42.9 27.8 1,611
(5.1%)

45.2 16.5 38.3 446 (1.4%) 343 (1.1%)

Biliary 26,821 36.9 42.0 21.1 978
(3.6%)

43.4 16.5 40.2 394 (1.5%) 349 (1.3%)

Alcohol 17,655 4.9 55.2 39.9 555
(3.1%)

46.3 21.8 31.9 262 (2.1%) 229 (1.3%)

Figure 1 Distribution of deaths
in the first 14 days among cases
with idiopathic pancreatitis, and
the corresponding frequency of
comorbid conditions.
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of the ten most common chronic comorbid conditions. It is
important to recognize that a significant percentage of the
cases that had a specific comorbid condition also had one or
more additional comorbidities.

Among the 21,096 cases that had no identified comorbid
condition, there were 70 (0.3%) deaths in the first 14 days
and 170 (0.8%) deaths in the first 91 days; only 28 (0.08%)
of these cases developed organ failure affecting two or
more systems. In comparison, 24,852 (29.3%) cases had
three or more comorbidities and 947 (3.8%) of these died in
the first 14 days (RR=11.5, p<0.001), and 2,337 (9.4%)

died within 91 days; 999 (2.5%) of these cases developed
organ failure of two or more organ systems (RR=30.3, p<
0.001). Specific comorbid conditions associated with the
highest incidence of death within 91 days were recent
cancer, chronic heart failure, chronic renal failure, and
malnutrition. The incidence of organ failure affecting two
or more systems was highest for cases with heart failure,
malnutrition, and renal failure.

Table 4 shows the results of the multivariate regression
analysis of potential risk factors leading to either death within
2 weeks of admission or failure of two or more organ system

Figure 2 Distribution of deaths
in the first 14 days among cases
with alcoholic pancreatitis, and
the corresponding frequency of
comorbid conditions.

Figure 3 Distribution of deaths
in first 14 days among cases
with biliary pancreatitis, and the
corresponding frequency of
comorbid conditions.
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during the index hospitalization. Separate models are shown
that incorporated: a) specific comorbid conditions and b) the
number of comorbid conditions. In all of the models, Hispanic
ethnicity and African Americans were associated with a
modest but statistically significant lower odds of dying.

In the models that incorporated specific comorbidities, the
strongest predictors were male sex, increasing age (particularly
age over 75 years), and classification as either alcoholic or
idiopathic pancreatitis (compared to biliary pancreatitis).When
the total number of comorbid conditions was modeled instead
of specific conditions, the odds of dying increased consider-
ably as the number of conditions increased, with cases having
three or more comorbid conditions having 7.4-fold higher odds
compared to cases with no comorbidity. Male sex, and
advancing age remained significant, but only idiopathic
pancreatitis was associated with significantly higher odds of
early death. In a model not shown, risk factors for death 2 to
4 weeks after admission were similar to the risk factors
associated with death during the first 2 weeks, with the
exception that hospitalization in an academically affiliated
medical centers was associated with significantly lower odds
of dying (OR=0.5, CI 0.3–0.7).

The models predicting failure of two or more organ systems
were similar to the models predicting death, with several
notable exceptions. Presence of nonmetastatic cancer, meta-
static cancer, and lymphoma were not significant predictors of
organ failure, whereas malnutrition and diabetes were signifi-
cant predictors of organ system failure. In the models that
incorporated the number of comorbid conditions, the presence
of three or more conditions was associated with 36-fold higher
odds (95% CI: 25–52) of organ system failure.

During a 4-year period between 1996 and 2000, 373 (1.9%)
of 19,767 cases with idiopathic pancreatitis were transferred
from the index hospital to a different hospital; 281 (1.4%) of

these were transferred within 7 days of the index admission.
There were 68 (0.3%) transfers to an academic medical center,
and only 43 (0.2%) of these were within 7 days of
hospitalization.

Discussion

There were several clinically important findings in this study of
patients with first-time pancreatitis. First, the presence of an
increasing number of chronic comorbid medical conditions,
particularly three or more, was a very strong predictor of early
death, and presence of comorbidity was an even stronger
predictor of multiorgan system failure. Conversely, the absence
of any chronic comorbid condition was associated with a very
low incidence of death, just 0.3% during the first 2 weeks
compared to a tenfold higher rate of 3% among the cases with
three or more comorbidities. Advancing age was also a very
strong independent predictor of early death, especially in patients
who had one or more comorbidities. For example, only 14
(0.1%) of 14,279 patients age 54 years or younger who had no
underlying comorbid condition died within 2 weeks compared
with 492 (7.1%) of 6,917 cases 75 years or older that had three or
more underlying chronic medical problems (RR=73, p<0.001).

The unadjusted 91-day mortality rate among patients
with alcoholic pancreatitis was lower than the rate in
patients with idiopathic or biliary pancreatitis, as shown in
Table 2. However, after adjustment for age, race, and sex,
patients with alcoholic pancreatitis had the highest 91-day-
mortality rate. This is because the alcoholic pancreatitis group
had highly skewed demographic characteristics, with a much
lower mean age and greater percentage of males and African
Americans compared to patients with idiopathic or biliary
pancreatitis.44 In the current study, after adjusting for the

Table 3 Frequency of Number and Type of Comorbidity on Organ System Failure and Early or Late Death

Comorbiditya—Number
or Type

Number of Cases (Total=
84,713)

Percent of Total
Cases

Death Days 0–14
(%)

Death Days 15–
91 (%)

≥2 Organ Failures in Index
Hosp (%)

0 21,096 24.9 0.3 0.5 0.1
1 21,470 25.3 1.0 1.0 0.6
2 17,295 20.4 1.6 2.0 1.2
3 or more 24,852 29.3 3.8 5.6 4.0
Chronic heart failure 5,124 6.0 7.2 10.5 5.3
Malnutrition 2,443 2.9 4.8 11.7 8.4
Chronic kidney disease 3,225 3.8 5.7 9.8 4.7
Chronic liver disease 4,649 5.5 2.4 4.3 2.9
Chronic anemia 11,986 14.1 2.7 6.1 3.3
Diabetes mellitus 14,997 17.7 2.3 3.3 2.7
Metastatic cancer 902 1.1 8.9 20.1 1.8
Solid cancer 890 1.1 5.8 9.7 2.8
Obesity 5,887 6.9 1.7 1.6 2.1
Chronic lung disease 9,632 11.4 3.6 5.7 2.8

aMany subjects with a specified comorbidity had one or more additional comorbid conditions.

738 J Gastrointest Surg (2007) 11:733–742



Table 4 Multivariate Analysis of Predictors of Death within 2 Weeks of Hospitalization or Failure of Two or More Organ Systems

Variable Models with Specified Comorbid Conditions Models with Number of Comorbid Conditions

Odds of death in
Wks 1–2
(N=1514)

95% CI Odds of ≥2
Organs Failing
(N=5172)

95% CI Odds of Death
in Wks 1–2
(N=1514)

95% CI Odds of ≥2
Organs Failing
(N=5172)

95%
CI

Men versus women 1.2* 1.1–1.5 1.5* 1.3–1.7 1.3* 1.2–1.5 1.5* 1.4–1.7
Age (versus <55 years)
55–64 1.6* 1.3–1.9 1.3 1.1–1.5 1.4 1.2–1.7 1.1 0.9–1.3
65–74 3.0* 2.6–3.6 1.7 1.5–2.0 2.6* 2.1–3.1 1.3 1.1–1.6
>75 6.2* 5.2–7.4 1.4 1.2–1.7 5.1* 4.3–6.2 1.1 0.9–1.2

Race-ethnicity (versus Caucasian)
African American 0.7* 0.6–0.9 0.5* 0.4–0.6 0.7 0.6–0.9 0.5* 0.4–0.7
Hispanic 0.7* 0.6–0.8 0.7 0.6–0.8 0.7* 0.6–0.8 0.7 0.7–0.9
Asian-Pacific Islander 0.6 0.5–0.8 1.0 0.8–1.2 0.7 0.5–0.8 1.1 0.9–1.4
Other 1.0 0.7–1.5 0.9 0.6–1.2 1.0 0.7–1.5 1.0 0.7–1.3

Hospital size (versus >350 beds)
Academic (N=8) 0.7 0.5–1.1 1.0 0.7–1.5 0.7 0.5–1.1 1.1 0.8–1.5
Moderate 250–350 beds 0.9 0.7–1.2 0.8 0.7–1.0 0.9 0.7–1.1 0.9 0.7–1.0
Standard 125–250 beds 1.0 0.8–1.2 0.8 0.7–1.0 0.9 0.8–1.2 0.9 0.7–1.0
Community <125 beds 1.0 0.8–1.3 0.7 0.5–0.9 1.0 0.8–1.3 0.7 0.6–0.9

Pancreatitis group (vs biliary)
Alcoholic 1.8* 1.5–2.1 1.5* 1.3–1.8 1.2 1.0–1.4 0.8 0.6–0.9
Idiopathic 1.4* 1.3–1.6 0.9 0.8–1.0 1.4* 1.2–1.6 0.8 0.7–1.0
Systemic lupus 1.9 1.0–3.5 2.0 1.2–3.3 1.4 0.8–2.5 1.2 0.7–2.0
Pancreatic cancer 1.5 0.9–2.3 0.9 0.4–1.8 1.8 1.1–2.7 0.7 0.3–1.3
Biliary + Alcohol 0.3 0.2–0.6 1.5 1.1–2.0 0.3* 0.1–0.5 0.8 0.6–1.2
Hyperlipidemia 1.0 0.7–1.3 1.1 0.8–1.4 0.8 0.6–1.0 0.8 0.6–1.0
Other 0.8 0.3–2.1 0.7 0.2–2.3 0.8 0.3–2.1 0.7 0.2–2.2

Comorbid conditions
Specific co morbid condition#
(versus not present)
Metastatic cancer 4.0* 3.1–5.3 ns
Cancer 1.8* 1.3–2.4 ns
Lymphoma 2.2 1.3–3.7 ns
Congestive heart failure 2.3* 2.0–2.7 2.6* 2.1–3.1
Chronic renal failure 2.1* 1.7–2.6 1.8* 1.4–2.2
Chronic liver disease 1.8* 1.4–2.2 1.3 1.1–1.6
Obesity 1.2 1.0–1.5 1.3 1.0–1.6
Malnutrition 1.7* 1.3–2.1 4.2* 3.5–4.9
Anemia not caused by blood loss ns 1.7 1.5–2.0
Peripheral vascular disease 1.5* 1.2–1.7 ns
Paralysis 1.5* 1.2–2.0 1.4 1.0–1.8
Neurologic disease 1.4* 1.1–1.7 1.7* 1.4–2.0
Drug abuse (not alcohol) ns ns
Chronic lung disease ns 1.2 1.0–1.4
Diabetes ns 1.6* 1.4–1.8

Comorbidity score
Number of comorbidities (versus 0)
1 2.5* 1.9–3.3 4.6* 3.1–7.0
2 3.6* 2.7–4.7 9.4* 6.4–14.0
≥3 7.4* 5.7–9.7 35.3* 23.7–52.4

OR = Odds ratio; MODS= Multiorgan system dysfunction
*P<0.0001, otherwise P<0.05.
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number of underlying comorbidities, the specific etiologic
subgroup of pancreatitis had only a modest effect on both
survival and the development of multiorgan system dysfunc-
tion. In fact, although patients with idiopathic pancreatitis had a
modest but significantly higher risk of dying within 91 days
compared to patients with biliary pancreatitis, with there was no
significant difference between alcoholic pancreatitis and either
biliary or idiopathic pancreatitis. The reason that the adjusted
risk of death in this model was much lower among the patients
with alcoholic pancreatitis was that a much larger percentage of
these patients had multiple chronic comorbidities (as shown in
Table 2). Thus, although patients with alcoholic pancreatitis
had a relatively low 91-day mortality rate, when age, race, and
sex were accounted for, their risk of early death was relatively
high, but when the presence of multiple comorbidities was also
taken into account, the 91-day mortality risk was comparable to
patients with idiopathic or biliary pancreatitis.

Taken together, these findings strongly suggest that the
exact etiology of the pancreatitis has minimal effect on early
survival, and that early death is most strongly associated with
older age and the number of chronic comorbid conditions.
Using only administrative data, the effect of laboratory and
physiologic findings at the time of admission could not be
assessed in this study. Further studies are needed to
determine the relative importance of initial clinical data
compared to the presence or absence of specific medical
comorbidities as predictors of death.

As noted in other studies,10 there was a spike in the
incidence deaths in the first 2 full days of hospitalization
followed by a rapid decline to a relatively stable rate after day 5,
with 45% of all deaths in the first 91 days occurring during the
first 2 weeks. Perhaps the most striking finding of this study
was the very strong association between the presence of
preexisting comorbidity and death in the first 3 days after
hospitalization. Only 33 (5.7%) of the 574 cases that died on
days 0, 1, or 2 had no underlying comorbidity.

These findings suggest that acute pancreatitis presents a
major stress that may be tolerated reasonably well by otherwise
healthy younger individuals. However, among older patients
or patients who have chronic underlying comorbid conditions,
such as chronic heart failure, chronic kidney disease, or
malnutrition, a significant percentage rapidly decompensate
and die within a short period of time. Further research is
needed to determine if the patients most likely to develop
multiorgan system failures and death can be identified at the
time of admission and treated aggressively leading to a
reduction in mortality. The findings of this study suggest that
initial mortality risk assessment of patients with pancreatitis
might be improved by including not only physiologic data, but
increments of age and the presence or absence of chronic
medical illnesses.

Interestingly, the risk-adjusted models suggested that
hospitalization in either a large or academic hospital was

not associated with a significantly reduced risk of early
death. It is unlikely that the transfer of sicker patients from
smaller hospitals to larger hospitals affected the findings
because fewer than 2% of patients were transferred, and the
majority of these were transferred after 7 days. Being
hospitalized in an academic medical center was, however,
associated with a significantly reduced risk of dying in the
second 2-week period, a time that has been reported to be
associated with a higher incidence of sepsis and other
complications among the small percentage of cases that
require prolonged hospitalization.

Limitations of this study include the retrospective design
and reliance on administrative data assembled by the
hospital coders who review physician notes. It is possible
that sicker patients had more details regarding underlying
medical conditions charted than healthier patients, leading
to some bias. However, validation studies indicate very
good agreement between data bases that include clinical
data and administrative data alone,45 except for asymptom-
atic conditions.37 In addition, there are other studies that
have shown that age and comorbidity are strong predictors
of adverse outcomes.26 Finally, a number of studies have
reported that advancing age with its attendant infirmities is
a strong predictor of death among patients with pancreati-
tis.3,14,46,47 In a study by Halonen and colleagues, the
presence of chronic medical comorbidity, defined as the use
of any medication for a chronic medical illness, was
associated with over a threefold higher risk of death.14

Analyzing the effect of comorbidity by using the number
of comorbid conditions present rather than specific comor-
bidities has been shown to be very useful and simple,
providing good explanatory power.48,49 However, it should
be kept in mind that when the total number of comorbidities
is used, all the conditions are treated equally without any
weighting. Using the number of comorbidities has the
advantage of taking into account some interaction between
comorbidities, which is not possible when individual
comorbidities are modeled as main effects. Thus, patients
with chronic hypertension, diabetes, and chronic congestive
heart failure may be at even greater risk for death caused by
pancreatitis than the additive risk based on the effect of
individual comorbid conditions.

Conclusion

In conclusion, death in the first 2 weeks after the diagnosis of
first-time pancreatitis was strongly associated with advancing
age and the number of underlying chronic medical conditions,
whereas the etiology of the pancreatitis and the size of the
treating hospital had minimal impact. Future studies should
take into account the types and severity of these conditions
with the aim of identifying the strongest predictors of organ
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system failure and death, and then targeting early intensive
treatment in patients with these risk factors.
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Appendix A

Terms Used in the Comorbidity Index:34

Congestive Heart Failure
Cardiac Valvular Disease
Pulmonary Circulation Disorder
Peripheral Vascular Disease
Hypertension, with or without complication
Paralysis
Other Neurological Disease
Chronic Pulmonary Disease
Diabetes, with or without complications
Hypothyroidism
Renal Failure
Liver Disease
Chronic Peptic Ulcer Disease
Morbid Obesity
Malnutrition
Chronic Anemia
Drug Dependence
Lymphoma
Metastatic Cancer
Solid Tumor without Metastasis

Appendix B

ICD-9-CM Codes Used to Define MODS: Multiorgan
Dysfunction Syndrome

1) Circulation: Hypotension or Shock
785.50 Shock, unspecified failure of peripheral circulation
785.51 Cardiogenic shock
785.59 Other shock: endotoxic gram-negative hypovolemic
458.8 Other specified hypotension
458.9 Hypotension, unspecified hypotension (arterial) NOS

2) Lung: Pulmonary insufficiency
518.4 Acute edema of lung, unspecified
518.81 Acute respiratory failure Respiratory failure NOS
799.1 Respiratory arrest
518.82 Acute respiratory distress syndrome, other
pulmonary insufficiency,

PLUS Mechanical ventilation
96.70 Continuous mechanical ventilation of unspecified
duration

96.71 Continuous mechanical ventilation for less than
96 consecutive hours

96.72 Continuous mechanical ventilation for 96 consec
utive hours or more

3) Neurologic: Encephalopathy
348.30 Encephalopathy, unspecified
348.31 Metabolic encephalopathy, Septic encephalopathy
348.39 Other encephalopathy
Or Psychosis
293.0 Acute delirium
293.1 Subacute delirium
293.8 Other specified transient organic mental disorders
293.9 Unspecified transient organic mental disorder
348.1 Anoxic brain damage

4) Blood: Coagulation abnormalities
287.4 Secondary thrombocytopenia,
287.5 NOS, thrombocytopenia
286.9 Coagulopathy NOS
286.6 Disseminated intravascular coagulation

5) Liver: Acute Liver injury
570 Hepatic failure Acute only
573.4 Hepatic infarction

6) Kidney: Acute renal failure
584.5 With lesion of tubular necrosis
584.6 With lesion of renal cortical necrosis
584.7 With lesion of renal medullary [papillary] necrosis
584.8 With other specified pathological lesion in kidney
584.9 Acute renal failure, unspecified

7) Bowel: Ischemic bowel
557.0 Acute vascular insufficiency of intestine
557.1 Chronic vascular insufficiency of intestine
557.9 Unspecified vascular insufficiency of intestine
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