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Abstract
Background & Aims—Little is known regarding the impact of hospital-acquired infection (HAI)
in acute pancreatitis (AP). We conducted a population-based assessment of the impact of HAI on
outcome in AP.

Methods—Patient data was obtained from the Cardinal Health Clinical Outcomes Research
Database, a large population-based dataset. Cases with principal diagnosis ICD9-CM 577.0 (AP)
between Jan 2004 and Jan 2005 were identified. These cases were linked with recently reported HAI
data collected by the Pennsylvania Health Care Cost Containment Council. Identification of HAI
was based upon definitions set forth by the National Nosocomial Infection Surveillance System. We
conducted a 5:1 multivariate propensity matched cohort study in order to determine the independent
contribution of HAI to in-hospital mortality, length-of-stay and hospital charges.

Results—From 177 participating hospitals, there were 11,046 AP cases identified. Eighty-two
(0.7%) patients developed an HAI. Mortality in the overall AP population was 1.2% vs. 11.4% among
405 matched non-HAI controls vs. 28.4% among patients that developed HAI (X2 p<0.0001). Fifteen
percent of all deaths were associated with an HAI. Both average LOS and hospital charges were
significantly increased among patients with HAI compared to matched non-HAI controls.

Conclusions—We determined that HAI had a major impact on mortality in AP. Patients that
developed HAI also had significantly increased LOS and hospital charges. These differences were
not explained by increased disease severity alone. Reducing HAI is an important step to improving
outcome in AP.

INTRODUCTION
The natural history of acute pancreatitis (AP) is highly variable. In the majority of patients, it
is a self-limited disease requiring only supportive measures. However, in some cases, AP
develops into a life-threatening illness. Pancreatic infection is believed to play a major role in
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outcome. Specifically, infected pancreatic necrosis has been implicated as a major risk factor
for mortality1–10.

The study of the impact of hospital-acquired infection (HAI) has become an area of active
investigation 11–13. In 2004, Pennsylvania became the first state to issue mandatory hospital-
wide public reporting on HAI. This created an opportunity for a population-based assessment
of the contribution of HAI to outcome in AP.

In the present study we examine the impact of HAI on in-hospital mortality, length-of-stay
(LOS) and healthcare cost.

METHODS
Data Collection

The Cardinal Health Clinical Outcomes Research Database (Cardinal Health, Marlborough,
MA) is a large population-based dataset that has supported publicly reported hospital
performance in Pennsylvania and elsewhere for 20 years. The largest database of its kind, it
contains information on patient demographics, vital signs, laboratory values, key history and
physical exam findings as well as all documented procedure and diagnosis codes. In addition,
hospital disposition information as well as LOS and total billed hospital charges are tracked
within this database. Details of this database have been published previously13.

Cases with a principal diagnosis of AP by International Classification of Diseases, ninth
revision, clinical modification ICD9-CM 577.0 (AP) from the Cardinal database between Jan
2004 and Jan 2005 were identified. We collected patient information from the adult population
(age>18) from 177 U.S. acute care hospitals. In order to restrict our analysis to patients admitted
for acute pancreatitis, we excluded patients with primary procedure codes indicating pancreatic
resection (Whipple procedure, proximal, distal or total pancreatectomy). Patients transferred
to subsequent acute care facilities were not included in this study. All remaining cases were
linked with recently reported HAI data collected by the Pennsylvania Health Care Cost
Containment Council (PHC4). This Council consists of the following: infection control
professionals, physicians, medical records specialists and quality assurance representatives
who provide guidance throughout the data-collection process.

Methods of identification of HAI were previously published in a review of Pennsylvania’s
experience with mandatory HAI reporting13–16. Identification of HAI was based upon
definitions set forth by the National Nosocomial Infection Surveillance System (NNIS).
Specifically, HAI was defined as a localized or systemic infection resulting from an adverse
reaction to the presence of an infectious agent(s) or its toxin(s) that was not present or
incubating at the time of hospital admission. Categories of HAI collected in the study are shown
in figure 1. Neurosurgical, cardiovascular and orthopedic surgical-site infections were also
tracked by PHC4 but not included in the present analysis.

Multivariate Propensity-Matched Cohort Study
In the present study, we sought to determine the independent contribution of HAI to in-hospital
mortality, LOS and hospital charges. The development of HAI may be associated with
additional factors which by themselves could influence mortality. These factors include both
initial disease severity as well as specific interventions performed during the course of
hospitalization. In order to evaluate the impact of HAI while simultaneously controlling for
these factors, we performed a multivariate propensity matched cohort study.
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Multivariate propensity matching has emerged as a means to achieve a more balanced cohort
study design17–22. We matched patients according to their risk of infection through use of
propensity scores that were in turn generated from a multivariate logistic regression equation.

In order to perform a propensity-matched study, we first needed to determine factors associated
with HAI. We therefore developed a multivariate logistic regression model for prediction of
HAI. This model was developed on the 11,036 cases in the overall AP population. We included
in the model factors that we felt were most likely to be associated with development of HAI.
These factors included initial disease severity (defined as the APACHE II score calculated
within the first 24-hours of hospitalization), organ failure (either mechanical ventilation or
hemodialysis) and additional invasive procedures associated with severe acute pancreatitis
(central venous catheters, total parenteral nutrition (TPN), surgical necrosectomy and
percutaneous abdominal catheter drainage). We were unable to include a term accounting for
use of an indwelling urinary catheter in the model because this procedure was not reliably
recorded in the database. We used the final logistic regression model to generate propensity
scores for each patient based on their probability of developing HAI.

Each case of HAI was matched to five non-HAI cases based upon their risk of developing HAI
(propensity score). The Parson’s greedy matching algorithm was used for identifying case-
matches. This algorithm begins with 5-digit precision followed by subsequent relaxation steps
by single-digit increments. We then studied the independent contribution of HAI to outcome
in AP by comparing mortality, LOS and hospital charges between the matched groups of
patients.

Statistical Analysis
Either the chi-square (χ2) method or Fisher exact test was used where appropriate for comparing
proportions between the overall AP population and matched groups of patients. Subsequently
pairwise testing was performed where appropriate. ANOVA was used for comparison of mean
LOS and charges between the overall AP population and matched groups of patients. Pairwise
Student’s t-test was then performed where appropriate. All reported p-values are two-sided.
All statistical analyses were performed in SAS statistical software version 9.1 (SAS Institute,
Cary NC).

RESULTS
Propensity Matching

Figure 2 depicts the distribution of patients in the overall study design. From the 177
participating hospitals, there were 11,046 cases of acute pancreatitis reported during the study
period. Ten cases were associated with pancreatic resection and excluded. Of the remaining
patients, 82 (0.7%) developed an HAI.

We included the following 9 factors in the logistic regression model used for propensity score
development: 1) APACHE II score within the first 24 hours 2) mechanical ventilation 3)
hemodialysis 4) central venous catheter 5) TPN 6) surgical necrosectomy 7) endoscopic
retrograde cholangiopancreatography (ERCP) 8) cholecystectomy and 9) percutaneously
placed abdominal catheter drainage. The model c-statistic for prediction of HAI was 0.883
(figure 2).

After 5-to-1 matching, the study population of HAI cases and matched controls consisted of
486 patients drawn from the AP population. Eighty-one of the 82 HAI cases were successfully
matched, representing a 98.8% matching rate. These 81 cases were used in subsequent analyses.
Clinical characteristics in the overall AP population and matched cohort of patients are depicted
in table 1.
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HAI patients had significantly higher initial APACHE II score (p<0.0001, Wilcoxon) as well
as frequency of mechanical ventilation, placement of central venous catheters, hemodialysis,
TPN, necrosectomy and percutaneous abdominal catheter drainage than the overall population
(all p<0.0001, Fisher exact). No significant differences existed in the rate of ERCP or
cholecystectomy. By contrast, after propensity matching there were no significant differences
in any of the aforementioned parameters between matched non-HAI controls and patients who
developed HAI (table 1).

Mortality
Mortality in the overall AP population was 1.2% vs. 11.1% among the 405 matched non-HAI
controls vs. 28.4% among the 81 patients that developed HAI (p<0.0001, χ2). Pairwise testing
indicated that HAI patients had significantly increased mortality when compared to matched
non-HAI controls (p<0.0001, χ2). Of the 150 total deaths in the entire AP population, 23 (15%)
were HAI-associated. The distribution of HAI sites included 36% catheter associated-urinary
tract infection, 35% catheter-associated blood-stream infections, 11% ventilator-associated
pneumonia and 15.5% multiple sites. Site-specific mortality rates are presented in table 3. The
mortality rate remained fairly consistent between various infection sites (range 27–33%,
p=0.96, χ2).

LOS and Charges
Mean LOS for the overall AP population was 5.6 days vs. 13.1 days for matched non-HAI
controls vs. 34.5 days for patients with HAI (p<0.0001, ANOVA). Pairwise testing indicated
significantly increased LOS for patients with HAI compared to matched non-HAI controls
(p<0.0001, t-test). Mean per patient hospital charges were $28,749 in the overall AP population
vs. $102,607 for matched non-HAI controls vs. $275,580 for patients with HAI (p<0.0001,
ANOVA). Pairwise testing indicated significantly increased average hospital charges among
patients with HAI compared to matched non-HAI controls (p<0.0001, t-test).

DISCUSSION
This represents the first population-based assessment of the impact of hospital-acquired
infection on outcome in acute pancreatitis. Our finding that HAI is associated with increased
mortality, LOS and hospital charges has several important implications.

First, the present study calls attention to the fact that HAI has a major impact on mortality in
AP. Previous data regarding infection in AP is available primarily from clinical trials examining
the efficacy of prophylactic antibiotics in necrotizing pancreatitis. Rates of extra-pancreatic
infection among the control groups in these randomized-controlled studies ranged from 23%–
48%23–27. It must be noted that these trials focused exclusively on patients with severe and/
or necrotizing disease. The specific impact of extra-pancreatic infections and in particular HAI
was unable to be examined in these studies primarily due to sample size constraints. .

Second, the development of HAI was not an unavoidable consequence of severe disease.
Through propensity matching we identified a subgroup of patients with similar initial disease
severity that had undergone a similar number of invasive procedures but did not develop HAI.
These matched non-HAI controls had a mortality of 11.1%, which was significantly higher
than the overall population (1.2%) but still well below the 28% mortality observed among
patients that developed HAI.

A critical feature of this analysis was the ability to control for disease severity. Given the
importance of accurately identifying a control group of patients at equal risk of developing
HAI, we matched patients according to multiple risk factors. These included disease severity
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measured both at 24-hours (APACHE II) as well as throughout the hospital course
(development of end-organ failure requiring either mechanical ventilation or hemodialysis).
In addition, we controlled for the use of central venous catheters, TPN, ERCP, surgical
necrosectomy, cholecystectomy and percutaneous abdominal catheter drainage. The final
logistic regression model incorporating these parameters was very accurate for prediction of
HAI with a c-statistic of 0.883.

Our study relied upon data collected jointly by PHC4 and the Cardinal Health Research data
management staff. Given the importance of accurate reporting, the reliability of this data has
been previously evaluated. Published internal evaluation of the methods used in collecting and
abstracting data for the Pennsylvania hospital infection surveillance study found high levels
of overall agreement between PHC4 Infection Control staff with results from chart
abstraction15.

There were several potential limitations to the present study. First, all HAI were defined as
either catheter or ventilator-associated. As a result, our study examined a select group of HAI.
The impact of additional forms of HAI requires further investigation. In subsequent years,
Pennsylvania has begun to collect additional data on additional forms of HAI. This may help
to further define the scope of extra-pancreatic infection in AP.

One important remaining issue is the possibility for residual confounding. Two possible
residual confounders that we did not account for were extent of pancreatic necrosis and
presence of infected necrosis. Previous reports have suggested that patients with >50% necrosis
have higher mortality than patients with <50% necrosis28 and that patients with infected
necrosis have higher mortality than patients with sterile necrosis29. However, more recent
studies have concluded that the presence of organ failure is the primary determinant of mortality
in AP9,10,30,31,32. In our study, we were careful to control for severe organ failure
(requirement for either mechanical ventilation or dialysis) when examining the impact of HAI.

Our study also does not address the possible role of antibiotics in preventing HAI. In the only
two double-blind randomized controlled trials performed to date, there was no reduction in
either extra-pancreatic infection or mortality with prophylactic antibiotics24,27. An important
area for future study will be to determine effective methods for reducing HAI in AP.

In summary, patients with AP that developed an HAI had markedly increased in-hospital
mortality, LOS and hospital charges. These differences persisted after controlling for initial
disease severity and severe organ failure. Fifteen percent of all deaths were HAI-associated.
Our findings suggest that aggressive efforts to reduce HAI may lead to significantly improved
outcomes for patients with acute pancreatitis.
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Figure 1. Categories of HAI in the present study
Details available at http://www.cdc.gov/ncidod/dhqp/nnis_pubs.html
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Figure 2. Study Design
The initial study group of 11,046 patients consisted of all AP patients in the 2004–2005
Cardinal Health Clinical Outcomes Research Database with data linked to the PHC4 infection
surveillance program.
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Figure 3. Multivariate Logistic Regression Model for Prediction of HAI
C-statistic for regression model used for development of propensity scores was 0.883.
ERCP=endoscopic retrograde cholangiopacreatography
CCY=cholecystectomy
TPN=total parenteral nutrition
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Table 1
Clinical characteristics in overall AP population, propensity matched non-HAI controls and HAI patients.

Overall AP
N=11,036

Non HAI
n=405

HAI
n=81

Age (median) 53 60 63
Men 50.0% 53% 48%
Gallstones 23.0% 33.1% 27.2%**
Alcohol history 20.1% 17.5% 18.5%**
APACHE II (mean) 7.5 10.7 10.5*
Mechanical ventilation 1.7% 27.0% 37.0%*
Central venous catheter 7.8% 63.5% 55.6%*
Hemodialysis 1.9% 20.0% 25.9%*
Total parenteral nutrition 2.6% 16.0% 21.0%*
ERCP 3.5% 5.9% 7.4%**
necrosectomy 0.2% 3.0% 4.9%*
Chol ecystectomy 11.9% 21.0% 14A%**
Percutaneous drainage catheter 1.1% 12.3% 12.3%*
*
HAI vs. Overall AP population (p<0.0001, Wilcoxon, Fisher exact).

**
No significant difference between HAI vs. overall AP population at p<0.05 level.

No significant differences existed between matched-non HAI control vs. HAI patients for listed parameters at p<0.05 level.

ERCP= endoscopic retrograde cholangiopancreatography
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Table 2
Mortality in AP

Overall AP
N=11,036

Matched Control
n=405

HAI
n=81

Survived 10,886 360 58
Died 150 45 23
Mortality % 1.4% 11.1% 28.4%
Overall p<0.0001 χ2, pairwise HAI vs. non-HAI matched control p<0.0001 χ2
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Table 3
Mortality in HAI by Site of Infection

Site Survived Died Mortality%
UTI 22 8 26.7%
BSI 21 8 27.6%
PNA 6 3 33.3%
MULT 9 4 30.8%
Overall χ2 p=0.96

UTI= catheter-associated urinary tract infection

BSI= catheter-associated blood stream infection

PNA= ventilator-associated pneumonia

MULT= multiple infection sites
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