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Abstract
We reviewed the medical records of all the patients who died in our hospital during the period
from 2004 through 2008 to determine the contribution of healthcare-associated infections to
mortality. Of the 179 unexpected in-hospital deaths during that period, 55 (31%) were related to
69 healthcare-associated infections. The most common healthcare-associated infection was central
line—associated bloodstream infection, and the most common organisms identified were members
of the Enterobacteriaceae family. Overall, 45% of bacterial isolates were multidrug resistant.

Healthcare-associated infections (HAIs) are a major problem in hospitals worldwide.1 The
Centers for Disease Control and Prevention (CDC) has estimated that, in the United States,
approximately 99,000 deaths each year are related to HAIs, on the basis of data obtained
from multiple healthcare databases.2 Distinguishing between patients who die with an
infection from patients who die from an infection is a problem often not addressed.3 Patients
with a terminal disease often experience an infection at the end of their lives that does not
have a significant impact on quality of life or life expectancy.4,5 The Joint Commission
defines death to be a sentinel event if it is an “unanticipated death … not related to the
natural course of the patient's illness or underlying condition.”6(p3) Many people are
admitted to the hospital for management of their terminal illness, because prolongation of
life is often neither feasible nor desirable. Therefore, identifying unexpected deaths in which
HAI was a contributing factor has been proposed as a more important metric for infection
control interventions.3,6 To measure the impact of HAIs on unexpected mortality in an acute
care hospital, we summarized and independently validated a series of mortality reviews of
all inpatient deaths for the past 5 years.

METHODS
Since 2004, we have conducted mortality reviews of all inpatient deaths for the Baltimore
Veterans Affairs Medical Center, a 119-bed acute care hospital with approximately 9,000
annual inpatient admissions. Our study was approved by the institutional review board of the
University of Maryland, Baltimore, and the Veterans Affairs Maryland Healthcare System
research and development committee.
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One physician (D.J.M. or L.L.L.) reviewed the medical records of each patient who died in
the hospital during the 5-year period of our study to determine whether the death was
expected. Deaths that were unexpected were evaluated by an additional physician (M.-C.R.)
and nurse infection control practitioner (K.A.) working together to determine whether an
HAI was present and whether it contributed to death. If it was determined that the HAI
contributed to the unexpected death, then we needed to determine whether that death could
have been prevented.

Expected deaths were defined as those in which a clear pathologic process had been
identified and from which death was likely to result within the following 6 months (criterion
1).3,6 Death was categorized as unlikely, possibly, or probably related to HAI on the basis of
judgment by a group of 2 physicians and 1 senior nurse infection control practitioner
(criterion 2). For example, consider a male patient with chronic lymphocytic leukemia,
chronic obstructive pulmonary disease, and diabetes who was admitted to the hospital for a
foot ulcer and amputation. After surgery, he experienced respiratory failure, for which he
was admitted to the intensive care unit where he acquired a multidrug-resistant
Acinetobacter baumannii infection; the organism was found in sputum and blood samples
from the patient, who had developed worsening sepsis and pneumonia and then died. This
case was judged to be an unexpected death complicated by A. baumannii pneumonia that
was probably a contributing factor to the death. In this example, the primary cause could not
determined, because of the difficulty of reaching a consensus.

HAIs were defined and categorized by use of CDC National Healthcare Safety Network
(NHSN) criteria. Infections that developed more than 48 hours after hospital admission were
considered HAIs.7 Consistent with the NHSN criteria, each patient could have up to 2
infections reported, and for each infection, there could be up to 3 organisms identified.

During the validation process, the physician's determination of expected or unexpected death
was compared with the patient's modified Charlson comorbidity score. Charlson
comorbidity scores were calculated on the basis of administrative International
Classification of Diseases, Ninth Revision, coding.8 Of the 179 deaths determined to be
unexpected, 20 (11%) were randomly selected and blindly reviewed by a senior nurse
infection control practitioner (L.M.) who was not involved in any of the original
determinations of expected or unexpected death. She was instructed to determine whether an
HAI was present by using the aforementioned NHSN criteria.

RESULTS
We reviewed the medical records of 707 patients who died in our hospital during the period
from January 1, 2004, through December 31, 2008, to determine the contribution of HAIs to
mortality. Of these 707 patients, 700 (99%) were men. The median age was 73 years, and
the median length of hospital stay was 8 days. Of 179 unexpected deaths, 55 (31%) were
possibly or probably related to HAIs (Figure 1). Expected deaths were associated with
higher Charlson comorbidity scores than were unexpected deaths (median score, 3.0 vs 2.0;
P = .01, by Wilcoxon test). There were 10 patients who originally received a diagnosis of
HAI; 8 (80%) of those 10 patients were validated as having an HAI. There were 10 patients
who originally did not receive a diagnosis of HAI; 1 (10%) of those 10 patients was
validated as having an HAI. Overall concordance was substantial (κ = 0.71).

Overall, there were 69 HAIs that occurred in 55 patients, 14 (25%) of whom had at least 2
infections. Of the 69 HAIs, 16 (23%) were central line—associated bloodstream infections,
14 (20%) were surgical site infections, 13 (19%) were cases of pneumonia, and 12 (17%)
were gastrointestinal infections (9 cases of Clostridium difficile colitis and 3 other cases
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caused by an obstruction leading to intestinal perforation, a perforated gastric ulcer with
peritonitis, and liver abscess, respectively).

The most common infectious organisms identified were as follows: Enterobacteriaceae
(28% of isolates), Staphylococcus aureus (19% of isolates), Pseudomonas aeruginosa (18%
of isolates), C. difficile (10% of isolates), Enterococcus species (9% of isolates), imipenem-
resistant A. baumannii (6% of isolates), Candida species (5% of isolates), and coagulase-
negative Staphylococcus species (1% of isolates). Of the Enterobacteriaceae isolates
recovered, 19% were extended-spectrum β-lactamase-producing isolates (35% were
Klebsiella pneumoniae, 31% were Enterobacter aerogenes, 27% were Escherichia coli, and
7% were Serratia marcescens). Of the S. aureus isolates, 78% were methicillin resistant. Of
the P. aeruginosa isolates, 24% were imipenem resistant. Of the Enterococcus species
isolates, 63% were vancomycin resistant. Overall, 45% of these bacterial isolates were
multidrug resistant.

DISCUSSION
We found that HAIs contributed to approximately one-third of unexpected in-hospital
deaths. The most common HAIs were central line—associated bloodstream infection,
surgical site infection, pneumonia, and gastrointestinal infection. The most common
pathogens recovered were Enterobacteriaceae, S. aureus, P. aeruginosa, and C. difficile.
Overall, 45% of bacterial isolates were multidrug resistant.

The CDC has estimated that pneumonia, central line—associated bloodstream infection,
urinary tract infection, and surgical site infection were the most common infections
associated with death.2 In contrast, we found fewer cases of pneumonia and urinary tract
infections and more gastrointestinal infections (primarily C. difficile colitis).

More recently, using the same data-collection system, the CDC's NHSN has reported on the
frequency of different infectious pathogens identified in common HAIs.7 The most common
organisms identified were coagulase-negative Staphylococcus (15% of isolates), S. aureus
(15% of isolates), Enterococcus species (12% of isolates), and Candida species (11% of
isolates), followed by various gram-negative bacilli. Notably present in the CDC report was
the large proportion of infections caused by coagulase-negative Staphylococcus, which
mostly caused central line—associated bloodstream infection or surgical site infection.7 In
our study, coagulase-negative staphylococcal infections were rare, and gastrointestinal
infections due C. difficile were relatively common. C. difficile infection would not have
been reported to the NHSN, because data on gastrointestinal infections are not routinely
collected. Approximately 16% of the pathogenic isolates reported to the NHSN were
multidrug resistant,7 whereas in our study, 45% of bacterial isolates were multidrug
resistant. This is likely because multidrug-resistant infections are more common among
critically ill patients.

Our study was a single-center study within a Department of Veterans Affairs hospital, which
limits its generalizability. Categorizing deaths as expected or unexpected is imprecise, and
many severely ill patients who die are still included in the calculation of unexpected deaths
because they are reasonably expected to live for more than 6 months. However, by
excluding patients who were expected to die within 6 months, we were able to focus our
study on a smaller group of patients who are probably more likely to benefit from infection
prevention efforts.3,6

HAIs are an important factor in approximately 1 in 3 unexpected in-hospital deaths.
Multidrug-resistant and antibiotic-associated bacteria are common causes of HAIs,
especially multidrug-resistant gram-negative bacteria, methicillin resistant S. aureus, and C.
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difficile. To reduce mortality due to HAIs, infection prevention efforts need to focus on
measures that impact multiple types of infections and multidrug-resistant organisms.
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FIGURE 1.
Process by which unexpected deaths and healthcare-associated infections (HAIs) were
identified, resulting in a final population of 55 patients whose HAI contributed to their
death.
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