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Editorial

Hospital-Acquired Infections:
Raising the Anchoring Heuristic

In Pennsylvania’s general acute care hospitals in
2004, there were nearly 12 000 hospital-acquired
infections (HAISs) reported to a state agency, namely,
the Pennsylvania Health Care Cost Containment
Council (PHC4). These admissions were associated
with more than 1500 additional deaths, 205 000 addi-
tional hospital days, and nearly $2 billion in addi-
tional hospital charges, as compared to hospital
admissions in the same time period in which HAIs
did not occur.! Regrettably, many persons within
the health care industry believe that HAI is simply
a risk of doing business—almost an expected out-
come from the care of seriously ill patients, espe-
cially those in our high-technology settings such as
the operating room, intensive care unit, or renal
dialysis center. I believe that this supplement,
titled “Hospital-Acquired Infection: Meeting the
Challenge,” will go a long way toward raising this
anchoring heuristic and changing our way of thinking
regarding HAIs.

An anchoring heuristic leads people to stick
with their initial impressions, once they are solidly
formed, and ignore competing facts.? The work of
the 3 teams highlighted in this supplement will do
much to help us prove the fallacy of the anchoring
heuristic that infections do occur and cannot be
prevented. This supplement also provides some
intriguing, albeit unsettling, information regarding
the link between HAI and increased hospital costs
and makes it clear that it is the process of care, not
the underlying clinical condition of the patient,
that drives the current epidemic of HAI.

Shannon and his team demonstrate the eco-
nomic burden of central line-associated blood-
stream infection (CLAB). For the first time in the
literature, we have accurate cost information on
the margin regarding the impact of CLAB. Every
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hospital administrator and insurance company
ought to be cognizant of this strikingly important
information. Most clinicians will be surprised by
Shannon’s work, as his team found that there was
no link between the severity of illness on admis-
sion and the risk of CLAB.

Peng and colleagues further explore the rela-
tionship between disease severity and HAI
Hollenbeak and his team found that while certain
patient-specific factors were a significant determi-
nant of risk for HAI, there was a clear and signifi-
cant contribution from so-called hospital fixed
effects. Again, the process of care has much to do
with HAIL

This supplement will be met with skepticism
by some, shock by others, and incredulity by the
remainder. It will stir emotion across the health
care spectrum. From this ferment, I sincerely hope
we will make the necessary commitment to more
deeply evaluate the contribution of processes of
care to HAI and take action to change those processes
for the better.

I would like to thank the 3 teams, Shannon,
Peng, and Hollenbeak, for their important contri-
bution to the literature. I would also like to thank
the many reviewers, who have chosen to remain
anonymous, who helped us to evaluate these arti-
cles; the generous contributors who made the pub-
lication of this special supplement possible; and
the leadership of the American College of Medical
Quality, who have steadfastly supported their jour-
nal. Finally, I would like to thank Mr Marc Volavka
and the entire staff of PHC4 in Harrisburg,
Pennsylvania.

In the last analysis, despite all of our hard work,
medical care can never be error free. What we must
strive for is care that is harm free. By raising the
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anchoring heuristic that infection in the hospital is REFERENCES

a by-product of our day 't(_)'day business, we will go 1. Reducing hospital acquired infections: the business case.
a long way toward restoring the faith of the public Pennsylvania Health Care Cost Containment Council Issue
in what we do, reducing the cost of our actions, and Brief. 2005;8:2.

improving the overall quality of medical care in the 2. Redelmeier DA. The cognitive psychology of missed diag-
United States. I sincerely hope that this special noses. Ann Intern Med. 2005;142:115-120.

supplement to the American Journal of Medical David B. Nash, MD, MBA
Quality will help us to obtain this worthy goal. Editor



Economics of Central Line-Associated
Bloodstream Infections

Richard P. Shannon, MD
Bhavin Patel, MD
Daniel Cummins
Alexander H. Shannon
Gauthan Ganguli

Yee Lu, MD

Hospital-acquired infections add considerable
morbidity and mortality to patient care. However, a
detailed economic analysis of these infections on an
individual case basis has been lacking. The authors
examined both the hospital revenues and expenses
in 54 cases of patients with central line-associated
bloodstream infections (CLABs) over 3 years in 2
intensive care units and compared these financial
data with patients who were matched for age, sever-
ity of illness on admission, and principal diagnosis.
The average payment for a case complicated by CLAB
was $64 894, and the average expense was $91733 with
gross margin of -$26 839 per case and a total loss from
operations of $1449306 in the 54 cases. The costs of
CLABs and the associated complications averaged
43% of the total cost of care. The elimination of these
preventable infections constitutes not only an oppor-
tunity to improve patient outcomes but also a signifi-
cant financial opportunity. (Am J Med Qual 2006;
21[suppll:7S-16S)

Keywords: central line—associated bloodstream infec-
tions; hospital-acquired infections; hospital economics;
payment methodologies

AUTHORS’ NOTE: Dr R. Shannon, Dr Patel, Mr Cummins,
Mr A. Shannon, Mr Ganguli, and Dr Lu are in the Department
of Medicine, Allegheny General Hospital, and Dr R. Shannon is
at the Pittsburgh Regional Healthcare Initiative, Pittsburgh,
Pennsylvania. The authors have no affiliation with or financial
interest in any product mentioned in this article. The authors’
research was not supported by any commercial or corporate entity.
Corresponding author: Richard P. Shannon, MD, Department of
Medicine, Allegheny General Hospital, 320 East North Avenue,
Pittsburgh, PA 15212 (e-mail: rshannon@wpahs.org).
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Increasing evidence suggests that central line—
associated bloodstream infections (CLABs) are a
common, morbid, and mortal form of hospital-
acquired infections (HAIs)."® The incidence and
prevalence of these infections are largely unchanged
despite nearly 3 decades of reporting and guidelines.
Recently, regional collaboratives™® have reported
reductions in the rates of this class of HAISs, yet con-
siderable controversy remains as to whether these
conditions are inevitable consequences of complex
care'™'? or evidence of unreliable processes in care
delivery.’®* Several recent examples suggest that
CLABs are preventable in intensive care units
(ICUs) with the implementation of work standardi-
zation®® and/or strict adherence to established
guidelines.''> Nonetheless, 5 years after the publi-
cation of the Institute of Medicine report calling
attention to the issue of unsafe conditions in the
health care system,!* progress in the elimination of
harm in health care has been slow. Recently, within
the quality community itself, the issue of safety in
health care has been challenged as an epiphenome-
non and sensationalism,' correctable only if avail-
able evidence-based approaches are applied.

In the manufacturing industry, it is axiomatic
that high quality is associated with lower costs, but
the business case for such an assertion is lacking
in health care. A tacit but potentially significant
barrier to the eradication of HAIs in general, and
CLABSs in particular, rests in the complexities of
the reimbursement system. There is a widespread
but unsubstantiated belief that CLABs contribute
to complexity of care, resulting in increases in the
case mix index and increases in outlier payments.
This is a product of a reimbursement system that
pays for activity as opposed to outcome, such that
factors that contribute to increased acuity, including
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complications, result in coding modifications that
increase payments to hospitals. There is evidence
that patients who develop CLABs have higher
costs, although these estimates arise from adminis-
trative billing data as opposed to clinical evalua-
tion. There are little published data concerning the
individual payments to hospitals in cases compli-
cated by CLABs. Whether and to what extent
CLABs contribute to the operating margins of hos-
pitals is unappreciated. Moreover, the contribution
of CLABs to the overall costs of hospital stays
is highly variable depending on when in the course
of care the infection occurs and complications that
ensue. There are no diagnosis-related groups (DRGs)
that identify CLABs; precise analyses of the oper-
ating margins in cases of CLABs are not readily
available to hospital management teams. As a con-
sequence, a detailed analysis of the contribution of
CLABs to the costs of care and the impact on the
operating margins of hospitals is lacking.

Accordingly, we examined the actual payments
and expenses in clinical cases of patients whose
care was complicated by a CLAB in 2 medical ICUs
at Allegheny General Hospital during a 3-year
period. These ICUs were actively engaged in the
process of eliminating CLABs through the applica-
tion of industrial systems redesign to care delivery
during the past 3 years.!® As such, the economic
analysis was important to consider in understand-
ing the impact of care improvements not only
on patient outcomes but also on the hospital mar-
gin. Do hospitals make money on cases compli-
cated by CLABs? What is the economic impact on a
hospital of eliminating unsafe conditions such as
CLABs?

METHODS

The economic analysis was based on 54 CLABs
confirmed in the medical intensive care unit
(MICU) and coronary care unit (CCU) at Allegheny
General Hospital between July 2002 and June
2005. The MICU and CCU are 28 contiguous beds
under the direction of the Department of Medicine.

Since July 2003, the Department of Medicine has
been engaged in the elimination of CLABs through
the application of the principals of Perfecting
Patient Care in collaboration with the Pittsburgh
Regional Healthcare Initiative. The details of the
process and the results on the rates of CLABs have
been reported previously.®

AMERICAN JOURNAL OF MEDICAL QUALITY

Calculation of the Net Operating Margins for
Patients Whose Care Was Complicated by CLABs

There were 54 total CLABs in the MICU and
CCU over a 3-year period of study (July 2002-June
2005). Clinical and financial data were available
on all cases. The hospital revenues included in
the model were the actual payments received by
the hospital for care rendered as recorded in the
Trendstar system and not accrued payments based
on contractural allowances. The use of actual pay-
ment data also obviated the need to consider con-
tracts and outlier payments and simply reflected
what the hospital received in reimbursement. The
period under consideration (2002-2005) ensured
that all payments included any appeals and
adjustments; all accounts were considered closed.

The hospital expenses were identified through
the Financial Resources System of Allegheny
General Hospital and were based on activity-based
cost reports as opposed to estimates based on per-
centage of charges. The expenses entered into the
model were the total direct costs, fixed (eg, ICU
days) and variable (eg, costs of antibiotics, labora-
tory and radiological studies, diagnostic and thera-
peutic procedures). Labor costs for nursing care
were included in the costs for an ICU day. Labor
costs for other health care workers, such as respi-
ratory therapists, were included in the daily costs
of ventilator care. The hospital costs for procedures
(ie, dialysis, endoscopy, radiological procedure,
surgical procedures) included the labor costs for
hospital personnel but not professional fees for
physicians. Indirect costs (ie, debt service, corpo-
rate overhead) were not considered. The net hospi-
tal operating margin was calculated as the sum of
the difference between payments and expenses for
each individual case complicated by a CLAB. The
average hospital revenues, expenses, and net oper-
ating margins were calculated as the mean of the
54 individual cases.

Calculation of the Costs of Care Attributable
to the CLAB

A team composed of a clinician (B.P.) and finan-
cial personnel examined the daily clinical care and
the daily cost reports to determine how much of the
total cost of care was attributable to the CLAB or
complications related to the CLAB. For example, the
additional hospital days, antibiotics, and blood tests,
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as well as complications attributable to the CLAB
(eg, exploratory laparotomy, hemodialysis), were
considered CLAB related. The activity-based costs
of those procedures were assigned by the financial
personnel. To verify that a specific cost was CLAB
related, the assignment based on clinical care was
reviewed by 2 other clinicians (Y.L., R.P.S.). The cost
was attributable to the CLAB only if all 3 clinicians
agreed that it would not likely have been part of
usual care. For example, if the patient was not intu-
bated before the CLAB but required ventilator sup-
port because of hypotension and acidemia that
occurred following the CLAB, it was considered
CLAB related. If the patient had normal renal func-
tion before the CLAB but developed renal failure
in association with hypotension that occurred in
proximity to the line-related bacteremia, it was con-
sidered CLAB related. The assigned costs were con-
firmed by a member of the finance team who
assisted in the creation of the financial model. The
reliability of the clinical assignment by the first
reviewer was 84%, indicating that, on average, 16%
of the costs considered to be CLAB related by the
first clinician reviewing the case were not confirmed
by subsequent review by the 2 other clinicians (Y.L.,
R.P.S.). Most of the differences were based on the
assignment of the number of additional ICU days
attributable to the CLAB or its complications rather
than whether a complication and its treatment were
CLAB related.

Comparison of Revenues, Expenses, and
Net Operating Margins in Cases With and
Without a CLAB

A nested case-control design was used in a sub-
set of cases (n = 5) to establish a comparative group
with the same age, admitting diagnosis, compre-
hensive clinical admission severity group (CC-ASG)
score (Cardinal Health Inc, Marlborough, Mass),
and payer (commercial, Medicare, Medicaid). The
CC-ASG score is a validated risk adjustment
methodology indicative of the severity of illness
based on clinical conditions documented in the first
48 hours. The 5 cases were selected to determine
the effects of 5 different payment methodologies on
the respective financial outcomes. In addition, the
examples highlighted differences in hospital eco-
nomics based on whether case rates or per diem
payment methodologies were employed. All com-
parative cases were drawn from the same fiscal
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year to minimize the effects of changing payment
contracts. It should be noted that in some cases, the
principal diagnosis on which the payment was
made differed from the admission diagnosis. This
often occurred in patients who had multiple or seri-
ous complications from their CLABs. In these cir-
cumstances, the controls were matched to the
patients with CLABs for both admission diagnosis
and principal diagnosis. Similarly, when patients
had multiple complications in addition to or as a
consequence of the CLABs, attempts were made to
compare them to similar cases with the same
admission and principal diagnosis.

RESULTS

The average age of the 54 patients whose care
was complicated by a CLAB was 56 years (range,
21-85), and 47% were male. The average length of
stay was 34 days (range, 7-137 days). Twelve of the
54 patients (23%) suffered more than 1 CLAB.
Notably, 22 patients died in the hospital (41% mor-
tality) while only 9 (17%) were discharged to home.
Interestingly, the most common principal diagnoses
were acute myocardial infarction (AMI; n = 9),
congestive heart failure (n = 7), respiratory failure
(n = 4), and deep venous thrombosis (n = 4), diag-
noses not commonly considered as risk factors for
CLABs. Overall, 26 different principal diagnoses
were represented among the 54 patients who
developed a CLAB. The distribution of CC-ASG
was random (ie, 17% grade 0-1, 24% grade 2, 39%
grade 3, and 20% grade 4), indicating that severity
of illness at the time of admission did not predict
who was at risk for developing a CLAB. Thus, nei-
ther age, severity of illness, nor principal diagnosis
appeared to constitute risks for a CLAB, suggest-
ing that process defects rather than clinical illness
were more important predictors.

Over the course of the study period, there was a
dramatic shift in the types of line infections, reflect-
ing process improvement and work redesign.®!® In
the first year, there were 49 infections in 37
patients; of these, 26 infections (53%) were related
to femoral lines. In the next 2 years (n=17), 2 (12%)
were related to femoral lines and 5 (29%) were
related to peripherally inserted central catheter
(PICC) lines. In fact, PICC line use in the 2 ICUs
more than doubled in the 3-year period from 212
lines per year to 478 lines per year. There was also a
dramatic reduction in the rates of CLABs from
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Table 1
Costs Directly Attributable to Central Line Infections and Associated Complications
Case 5,
Case 1, Case 2, Case 3, Case 4, Respiratory

Pancreatitis Gastroplasty CHF CHF Failure

CC-ASG 1 2 3 3 4
Total charges, $ 828847 359315 98717 69850 112265
Total expenses, $ 241844 117626 30786 21828 37075
Total LOS, d 86 48 16 15 15
Hospital day on which CLAB occurred 6 22 3 6 9
Expenses before CLAB, $ 12463 53048 5052 9611 20437
Expenses after CLAB, $ 229381 64579 25734 12217 16638
Total expenses attributable to CLAB, $ 170565 41009 22001 9419 13520
% Total expenses attributable to CLAB 71 35 72 43 37

CHF = congestive heart failure; CC-ASG = comprehensive clinical admission severity group, severity of illness present on admission; LOS = length of stay;

CLAB = central line—associated bloodstream infection.

10.5/1000 line-days in fiscal year 03 to 1.6/1000 line-
days in fiscal year 05. These results have been
detailed previously.'°

The actual payments and expenses in the cases
complicated by a CLAB varied widely, consistent
with the random distribution of principal diagnoses
and the severity of illness. The average payment
was $64 894 (range, $4546-$299 318), and the aver-
age expense was $91733 (range, $15 565-$353 205)
with an average gross margin of —$26 839 (range,
+$5145 to —$265426) and a total loss from opera-
tions of $1449 306. Most important, there were only
4 cases (7.4%) in which the gross margin was posi-
tive when clinical care was complicated by a CLAB.
The cases included 2 AMIs, 1 case of chronic obstruc-
tive pulmonary disease, and 1 case of deep venous
thrombosis. In each of these 4 cases, there were no
end organ complications resulting from the CLAB,
and the average length of stay was only 8 days.

Hospital payments are known to vary by insurer
and principal diagnoses. Most patients were insured
through Medicare (43%), 22% were insured com-
mercially, and 22% were insured through Medicaid
programs, including Medicaid managed care. In
14%, the payment was made by another party or by
the patients themselves. For comparable principal
diagnoses, payments varied more by length of stay
than by payer. For example, in the case of a princi-
pal diagnosis of AMI complicated by a CLAB, the
payment from a commercial payer was $24 805 for
16 days; the payment for Medicare with a commer-
cial secondary payer was $27 238 for a 14-day hos-
pital stay. The average loss from operations was
—$15194 and -$13 499, respectively. For a patient

with a principal diagnosis of AMI covered under
Medicaid whose care was complicated by a CLAB,
the payment was $54 597 for a 30-day hospitaliza-
tion with a loss from operations of —$11217. Thus,
the payments were comparable across 3 different
payers for the same principal diagnosis complicated
by a CLAB and were influenced to a greater extent
by length of stay than payment methodology. The
increased payments that accompanied care compli-
cated by CLABs and associated hospital losses were
observed with all payers examined.

The Attributable Costs of a CLAB

To determine the contribution that CLABs and
related complications made to the total cost of care,
we conducted an analysis of the daily clinical activ-
ity and the attributable costs before and after the
CLAB. The actual costs attributable to the CLAB and
its complications averaged 43.8% (range, 21%-71%;
average attributable: $40 179) of the total expenses
(Table 1). The following are case illustrations of
the economic impact of CLABs when compared to
cases in the same period matched for payer, age,
CC-ASG, and principal DRG but not complicated
by a CLAB.

Patient 1: Acute Pancreatitis

A 37-year-old video programmer was admitted
with acute pancreatitis secondary to hypertriglcy-
eridemia. On presentation to the emergency room,
his blood pressure was 90/60 mm Hg, and a femoral
venous catheter was placed for volume resuscitation.
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Table 2
Comparison of Hospital Economics in Patient 1: Pancreatitis Complicated by a CLAB

n=2 n=2 n=2 Patient 1
Admission diagnosis Pancreatitis Pancreatitis Pancreatitis Pancreatitis
CC-ASG 1 1.8 1.5 1
Age, y 30-40 41-50 27-37 37
Principal diagnosis Pancreatitis Pancreatitis with surgical Tracheostomy following Tracheostomy following

complications pancreatitis pancreatitis + CLAB

Payer Commercial Commercial Commercial Commercial
Revenue, $ 5907 99214 125576 200031
Expense, $ 5788 58905 98 094 241844
Gross margin, $ +119 +40 309 +27482 -41813
Costs attributable to CLAB, $ 170565
LOS, d 4 38 41 86

CLAB = central line—associated bloodstream infection; CC-ASG = comprehensive clinical admission severity group, severity of illness present on admission;

LOS = length of stay.

On day 5, he developed fever (39.4°C), progressive
hypotension, and respiratory failure and was trans-
ferred to the MICU where he was intubated and
supported with mechanical ventilation. On day 6,
the 3 sets of blood cultures drawn on day 5 were pos-
itive for methacillin-resistant Staphylococcus aureus
(MRSA). The same organism (>25 colonly-forming
units [CFU]) was cultured from the tip of the
femoral line placed on admission.

He was persistently hypotensive, requiring 2 to
3 different pressor agents, and developed renal
failure requiring dialysis on day 13. He developed
multiple intra-abdominal abscesses with MRSA
requiring 3 laproscopic surgical procedures to
drain the infected abscesses. Because of his per-
sistent hypotension and bacteremia, he was unable
to be weaned from the ventilator, and on day 19, he
underwent tracheostomy. He was discharged on
day 86 to an acute long-term care facility. He was
insured by a large commercial payer.

Table 1 illustrates the breakdown of hospital costs
for this patient. The total cost of care was $241844;
$12 463 in costs occurred prior to the development of
the CLAB, and $229381 were incurred after the
CLAB. The total cost attributable to the CLAB or its
attendant complications was $170 565.

Table 2 illustrates the payments and the gross
margins associated with this patient. The total pay-
ment was $200031, and the gross margin repre-
sented a loss from operations of —$41813. Most of
the additional costs attributable to the CLAB and
its complications were due to increased ICU stay. To
determine the range of payments and operating
margins in patients with an admitting diagnosis of

pancreatitis, we identified additional patients in the
same fiscal year who were within 10 years of age of
the patient with the CLAB, had comparable CC-
ASG scores, and were insured similarly. In these
uncomplicated patients (n = 3), the average payment
for pancreatitis was $5907, with a gross margin of
+$119 and an average length of stay of 4 days. We
also compared our patient with 3 other cases of
patients with pancreatitis on admission but who
were billed under a principal diagnosis of acute pan-
creatitis with surgical complications. We performed
this comparison because our patient required sev-
eral surgical procedures that may have influenced
both payments and expenses. The average payment
in control cases of pancreatitis requiring surgery
was $99 214, and the average operating margin was
+$40 309. Notably, these patients typically had pan-
creatic pseudocysts or ductal obstruction requiring
complex surgical procedures as opposed to intra-
abdominal abscesses, which may explain the signif-
icant increase in payments. Each of the control cases
of pancreatitis with surgery also had at least 1 com-
plication such as renal failure, similar to our
patient, but not an HAI. We also identified 2 cases in
the same fiscal year in which acute pancreatitis was
complicated by respiratory failure and subsequent
requirement for tracheostomy, resulting in the reim-
bursement being based on a principal diagnosis
of tracheostomy. In these cases, the average pay-
ment was $125576, with a positive operating mar-
gin of +$27482. Nonetheless, in our patient with a
principal diagnosis of tracheostomy, the addition
of a CLAB to already complex care resulted in a sub-
stantial loss from operations of —-$41 813, as compared
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Table 3
Comparison of Hospital Economics in Patient 2: Obesity Surgery Complicated by CLAB

n=5 n=3 Patient 2
Admission diagnosis Obesity surgery Obesity surgery Obesity surgery
CC-ASG 2 2.2 2
Age, y 42 52 49
Principal diagnosis Surgical procedure Tracheostomy following Tracheostomy following

for obesity obesity surgery obesity surgery + CLAB

Payer Medicaid Medicaid Medicaid
Revenue, $ 18023 153566 101521
Expense, $ 12100 148969 117626
Gross margin, $ +5923 +6597 -16105
Costs attributable to CLAB, $ 41009
LOS, d 6 51 47

CLAB = central line—associated bloodstream infection; CC-ASG = comprehensive clinical admission severity group, severity of illness present on admis-

sion; LOS = length of stay.

to these other examples of complex care uncompli-
cated by a CLAB in which positive margins ranged
from +$27 482 to +$40 308. These variances occurred
despite comparable ages, severity of illness on
admission, principal diagnosis, and payer.

Patient 2: Elective Surgical Gastroplasty

A 49-year-old African American woman was
admitted for elective surgical gastroplasy. She had
a history of obstructive sleep apnea treated with
continuous positive airway pressure at night. Her
surgical procedure was uncomplicated, but she
developed hypercarbic respiratory failure postop-
eratively and was reintubated on the second post-
operative day. On day 22 of her hospital stay, she
developed fever (38.9°C), had persistent leukocyto-
sis, and had purulent drainage from a right
femoral venous catheter that had been in place for
16 days. Blood cultures were positive for coagulase-
negative staphylococcus, Enterococcus fecaelis, and
a Candida species. All 3 organisms were also cul-
tured for the line tip. She required tracheostomy
because of persistent requirements for mechanical
ventilation and was discharged to an acute long-
term care facility on hospital day 48. The patient
was insured through Medicaid managed care.

Table 1 illustrates the breakdown of hospital
costs and the relationship to the CLAB. The total
cost of care was $117 626, of which $41009 was
attributable to the CLAB and the associated addi-
tional length of stay.

Table 3 outlines the payments and operating
margin in the case under review and compares these

data with similar cases studied during the same fis-
cal year. In this particular case, the payments
received by the hospital were $101 521, and the oper-
ating margin included losses of —$16 105. To compare
this financial outcome to other cases of elective sur-
gical gastroplasty unassociated with a CLAB, we
identified 5 additional cases with the principal diag-
nosis of obesity surgery matched for payer, age, and
CC-ASG score. In contrast to what was observed in
our case of surgical gastroplasty complicated by a
CLAB, the average revenues for uncomplicated cases
were $18 023, and the gross margin included operat-
ing margin gains of +$5923, with an average length
of stay of 6 days. When we compared the revenues
and gross margin in our case complicated by a CLAB
to other cases of surgical gastroplasty with a princi-
pal diagnosis of tracheostomy, we observed average
revenues of $153 566 and an operating margin gain
of +$6597, with an average length of stay of 51 days.
Thus, in circumstances in which there was the
desired outcome and even in the case in which there
were postoperative complications requiring tra-
cheostomy, there were significant positive financial
gains. However, when this elective surgical proce-
dure was further complicated by a CLAB, the case
was associated with significant losses.

Patients 3 and 4: Congestive Heart Failure

A 66-year-old woman with a history of ischemic
cardiomyopathy was transferred from an outlying
hospital with respiratory failure secondary to pul-
monary edema. On admission, she had a right
radial artery line placed and an introducer placed
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in the right internal jugular vein. On the second
hospital day, a pulmonary artery catheter was
passed through the right internal jugular intro-
ducer for measurement of cardiac filling pressures.
On day 3, she developed fever and hypotension,
and 3 sets of blood cultures (ie, 2 peripheral and
1 drawn through the pulmonary artery [PA]
catheter) were positive for methacillin-sensitive S
aureus. On day 4, the PA catheter was removed,
and the tip subsequently grew the same organism
(>25 CFU). She was subsequently extubated, but a
cardiac echo on day 9 revealed a tricuspid valve
vegetation not noted on a similar study performed
on admission. She was discharged to a skilled
nursing facility on day 16 to complete a 6-week
course of antibiotics. The insurance was Medicare
fee for service (FFS).

Table 1 illustrates the total costs of hospital care
and the component attributable to the CLAB. The
total cost of care was $30 786, of which 72% (or
$22011) was attributable to the CLAB, its compli-
cations, and additional length of stay (11 days).

Congestive heart failure is a common diagnosis.
We also examined the economics under circum-
stances of a different payer methodology, namely,
Medicare managed care.

A T78-year-old man (patient 4) was transferred
from an outlying hospital with decompensated con-
gestive heart failure in the setting of an extensive
history of ischemic cardiomyopathy. A right femoral
catheter and left radial arterial line were placed at
the outside hospital prior to transfer. On hospital
day 6, the man developed fever and hypotension
associated with metabolic acidosis. Blood cultures
were drawn and were positive for methacillin-
sensitive S aureus. The femoral venous catheter tip
was positive for the same organisms (>25 CFU).
The patient experienced nonoliguric renal failure
but recovered without requiring dialysis. On day
15, the patient was transferred to a skilled nursing
facility. The insurance was a Medicare managed
care product that paid based on per diem rates.

Table 1 delineates the total cost of hospital care
and the component attributable to the CLAB. The
total cost of care was $21828, of which $9419
(43.2%) was attributable to the CLAB, its compli-
cations, and increased length of stay (+10 days).

Table 4 compares the gross margin in the 2 cases
of congestive heart failure complicated by a CLAB,
based on the 2 different payment methods. In patient
3, the insurance carrier was Medicare FFS using a
case rate payment methodology. The payments were
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Table 4

Comparison of Hospital Economics in Patients 3
and 4: Heart Failure Complicated by CLAB

n =230 Patient 3 Patient 4
Admitting diagnosis CHF CHF CHF
CC-ASG 2.8 3 3
Age, y 75 69 78
Principal diagnosis CHF CHF CHF
Payer Medicare Medicare Medicare

FFS FFS managed

care
Revenue, $ 5740 5595 20250
Expense, $ 5683 30786 21828
Gross margin, $ +57 —25191 -1578
Costs attributable — 22011 9419
to CLAB, $

LOS, d 5 16 15

CLAB = central line-associated bloodstream infection; CHF = congestive
heart failure; CC-ASG = comprehensive clinical admission severity
group, severity of illness present on admission; FFS = fee for service;
LOS = length of stay.

$5595, and the loss from operations was —$25 191.
In case 4, the patient was part of a Medicare man-
aged care product that employed a per diem pay-
ment methodology. In this case, the payments were
higher, at $20250, while the loss from operations
was —$1578. By comparison, we found 30 cases with
the principal diagnosis of congestive heart failure
that were similar in age, CC-ASG score, and pay-
ment methods (Medicare FF'S) in which the average
payment was $5740 and the operating gain was
+$57. Thus, when congestive heart failure was com-
plicated by a CLAB, hospital operating losses varied
widely from —$1578 to —$25 191, depending on the
payment methodologies.

Patient 5: Acute Respiratory Failure

A 75-year-old woman was transferred from an
outlying hospital with a 1-day history of right lower
lobe pneumonia and worsening respiratory distress.
She had an extensive smoking history and chronic
emphysema, requiring supplemental oxygen at
home. She was intubated and mechanically venti-
lated for hypoxemia and hypercapnia upon arrival.
Sputum samples obtained from the endotracheal
tube revealed that hemophilus influenza pneumo-
nia and intravenous antibiotics were initiated. On
the first hospital day, a right femoral arterial and a
left femoral venous catheter were placed. On hospi-
tal day 5, she became febrile and hypotensive,
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Table 5
Comparison of Hospital Economics in Patient 5: Respiratory Failure Complicated by CLAB

n =20 Patient 5

Admitting diagnosis Respiratory failure Respiratory failure

CC-ASG 3.8 4

Age,y 71 75

Principal diagnosis Respiratory failure Respiratory failure

Payer Medicare + commercial secondary Medicare + commercial secondary

Revenue, $ 20792 20417

Expense, $ 19501 37075

Gross margin, $ +1291 -16658

Costs attributable to CLAB, $ 13696

LOS, d 10 15

CLAB = central line—associated bloodstream infection; CC-ASG = comprehensive clinical admission severity group, severity of illness present on admission;

LOS = length of stay.

despite antibiotics. Blood cultures drawn at the time
were subsequently positive for E fecaelis. The same
organisms grew from the tip of the left femoral
venous catheters. Despite extensive critical care
support, she remained hypotensive and required
increasing ventilator support. At the point at which
dialysis and tracheostomy were required, the family
decided to withdraw support and maintain meas-
ures designed for care and comfort. She died on hos-
pital day 15. She was insured with Medicare as her
primary and a commercial secondary insurer.

Table 1 illustrates the total cost of hospital care
and the components attributable to the diagnosis
and treatment of the CLAB and it complications.
The total costs of hospital care were $37 035, of
which $13 520 (37%) was attributable to the CLAB,
its treatment, and additional length of stay (+5
days). Notably, these costs were limited by the fact
that her family decided to withdraw support.

Table 5 illustrates the revenues and expenses
in this case of acute respiratory failure compared to
20 additional cases with the principal diagnosis of
respiratory failure matched for payer (Medicare +
commercial secondary), age, and severity of illness
on admission. In our case, the payments were
$20 417, with a gross hospital margin of —-$16 658. In
contrast, the average payments for matched cases of
acute respiratory failure with secondary diagnoses of
bacterial pneumonia and chronic lung disease were
$20 792, with an average positive margin of $1291.
The financial analysis is influenced heavily by the
fact that critical care was withdrawn at the request
of the family. Nonetheless, the hospital losses were
considerable.

DISCUSSION

What society pays for HAIs in general and
CLABS in particular have been the subject of spec-
ulation and controversy. In the present study, we
demonstrate the staggering costs attributable to
CLABs and complications attendant to them in
individual case analysis. In 54 patients whose care
was complicated by a CLAB, the loss from opera-
tions averaged —$26 885 per patient, despite a siz-
able increase in payments to the hospital. The
negative impact on operating margins was driven
by greater increases in hospital expenses, 43% of
which were attributable to the treatment of the
CLAB or its complication. The losses were not spe-
cific to a given payer and were observed for com-
mercial and government insurers. Moreover, the
most common principal diagnosis in which CLABs
were observed included cardiovascular diagnoses
such as myocardial infarction, congestive heart
failure, or deep venous thrombosis, conditions not
typically recognized as posing increased risks of
infection because of biological factors such as
burns, trauma, or an immunocompromised state.
Nor did the severity of illness on admission predict
the risk of CLABs in that as many patients (17%)
admitted with low-severity grades (grade 0-1) as
those (20%) with high-severity grades (grade 4)
were represented.

Importantly, the economics that we examined
pertain only to the hospital stay and did not
include physician costs. However, a proportional
increase in physician payments can be inferred
from the increase in length of stay as physicians
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are typically reimbursed on a per diem basis using
evaluation and management or procedure codes.
More important, we did not calculate the consider-
able costs of additional long-term care or rehabili-
tative care that most certainly accounted for
significant additional costs, as only 4 patients were
discharged to home.

There has been considerable controversy concern-
ing the economics of these infections, as most stud-
ies have examined only expenses'® and have not
analyzed case-specific payments. While there has
been a general consensus that CLABs cost more
for additional care, it has been unclear whether the
increased costs are fully recovered by hospitals
through mechanisms such as increased case-mix
index or outlier payments. In general, hospital-
specific payment data for individual cases have been
difficult to access. Our data demonstrate that when
payments and expenses are considered, such cases
have a significant negative impact on hospital oper-
ating margins. Notably, our analysis indicates that
while payments escalate for care required as a con-
sequence of CLABs, regardless of the payment
methodology, even those sizable increases are insuf-
ficient to cover the additional costs when complex
care is further complicated by this class of HAIs.

An additional important question has been the
relative difference in payments and costs between
care compromised by a CLAB and comparable levels
of care for patients of similar age, admission sever-
ity index, principal diagnosis, and payer. There have
been no economic analyses that have risk-adjusted
for severity of illness. To address this concern, we
performed case control analysis in which patients
with CLABs were compared to age- and severity-
matched patients with similar DRG and payer.
When cases billed under the same principal diagno-
sis and matched for age, severity of illness, and
payer were examined, patients whose care was com-
promised by CLABs commanded higher payments
but cost hospitals more, leading to the overall nega-
tive economic impact. This understanding can only
come from individual case review, given the wide
variations in age, severity of illness, and principal
diagnoses observed in our setting.

Our findings of an average payment of $64 894
in these 54 patients with CLABs is in keeping with
recently public reports’®!® by the Pennsylvania
Healthcare Cost Containment Council (PHC4)
demonstrating that HAIs were more costly by a
factor of 6. Notably, we did not find any significant
relationship between different payers and the
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magnitude of operational losses, suggesting that
these findings are not specific to a given payment
methodology. However, our study has the advantage
of demonstrating actual payments and expenses
from clinical cases as opposed to using charges or
administrative billing data, adding significant
credibility to the assertion that CLABs are costly
errors. The PHC4 public reports have been criti-
cized as being insensitive to whether the infection
was truly hospital acquired. In our study, we con-
firmed that all reported infections were hospital
acquired, and our data are very much in keeping
with those reported by PHC4 for this class of HAI.
Moreover, the argument that certain classes of infec-
tions, such as CLABs and ventilator-associated
pneumonia, may be present on admission and
not hospital acquired is unsubstantiated by our
data and seems unlikely given that central line
and ventilator use are generally hospital based.

Our study is a single-center experience and was
limited to analysis of cases in an MICU and CCU.
The economic analysis may differ in other patient
populations enriched with surgical cases. We
restricted our economic analysis to cases present-
ing in the same time period to avoid the influence
of changes in payment contracts. We focused on
actual payments and did not assess the component
of the payments attributable to modifiers, such as
outlier payments. Finally, we did not perform a for-
mal cost-effectiveness analysis but estimate that
the investment required to reduce CLABs' in our
hands is approximately $18000 per year in the
first year and $8000 per year thereafter. The pre-
vention of 1 average CLAB with operating losses of
—$26 839 would result in savings that would cover
the costs of process improvement for a full year.

Our study suggests that the price of central line
infections is considerable and that neither patients,
payers, nor hospitals benefit. Given that these infec-
tions are largely preventable,'’ the elimination of
CLABs carries moral and economic imperative.
However, this analysis should be repeated on a
national scale to confirm the true magnitude of the
economic opportunity.
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Adverse Outcomes From
Hospital-Acquired Infection in
Pennsylvania Cannot Be Attributed
to Increased Risk on Admission

Michael M. Peng, MPH, PhD
Stephen Kurtz, MS
R. S. Johannes, MS, MD

In July 2005, Pennsylvania became the first state
in the nation to publicly report statewide data on
hospital-acquired infections (HAI). The published
research brief revealed that 11 668 hospitalizations
with HAI had markedly different mortality rates,
lengths of stay (LLOS), and charges than cases with-
out HAI did. To avoid a possibly biased comparison,
a 5 to 1 propensity-matched cohort study was per-
formed. Nine cohorts (ie, heart failure, chronic
obstructive pulmonary disease, respiratory failure,
pneumonia, hip fracture, major surgical complica-
tions, colonic resection, diabetes, and gastrointesti-
nal bleeding) were examined for differences in
mortality, LOS, and hospital charges. Statistically
significant increases in mortality, LOS, and charges
were found among HAI cases. HAI cases had more
than a 4 times higher median charge than nonHAI
controls did. Observed differences in mortality,
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LOS, and charges between HAI and non-HAI cases in
Pennsylvania cannot be explained on the basis of
increased disease-specific severity at the time of
admission. (Am J Med Qual 2006;21[suppl]:17S-28S)

Keywords: hospital-acquired infection; nosocomial;
outcomes; public reporting; propensity

Despite increased awareness of hospital-
acquired infections (HAI), many of the challenges
such as effective surveillance systems, upgrading
control programs to improve quality of care, and
control of gram-negative bacteremias have not
been met.! Consequently, HAI rates have increased
across hospitals in the United States over the past
few decades. Data from the Centers for Disease
Control and Prevention’s (CDC’s) National
Nosocomial Infection Surveillance System (NNIS)
showed that between 1975 and 1995, rates of HAI
measured in patient-days have increased by 36%.?

The rise of multiresistant pathogens has made
HAI an even more urgent issue for hospitals than
ever before. Despite an extensive knowledge of the
mechanism of resistance, restrictions on antibiotic
use, and development of formal control measures,
multi—antibiotic drug resistance continues to rise.?
A study of temporal changes (1996-1999) in preva-
lence of antibiotic resistance in 23 US hospitals
showed significant increases (P < .05 Wilcoxon signed-
rank test) in median resistance rates of oxacillin-
resistant Staphylococcus aureus, ciprofloxacin-resistant
Pseudomonas aeruginosa, and ciprofloxacin-resistant
Escherichia coli.*

Although the NNIS does provide estimates of
HALI in hospitals, data are collected only from cases
in adult and pediatric intensive care units (ICUs),
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high-risk nurseries, and surgical units.’ To assess
the burden of hospital-wide HAI in Pennsylvania
(PA) hospitals, the Pennsylvania Health Care Cost
Containment Council (PHC4) formed an initiative
to investigate this issue. Beginning on January 1,
2004, PA hospitals were required to start submit-
ting data to PHC4 on the following types of HAI:

1. Surgical site infections for orthopedic surgery,
neurosurgery, and surgery related to the circu-
latory system

2. All device-related infections for
e Indwelling catheter-associated urinary tract

infection (UTI)
e Ventilator-associated pneumonia (PN)
¢ Central line-associated bloodstream infection

Results from the first-year data have been pub-
lished previously.® Briefly, the study showed that PA
hospitals reported 11688 HAIs (7.5 HAIs per 1000
patients admitted to PA’s general acute care hospi-
tals) in 2004. The unadjusted mortality rate was
15.4%, or 1793 deaths, in this population compared
to a mortality rate of 2.4% among those without an
HAI. Two billion dollars in additional hospital
charges and 205000 additional hospital-days of
stay occurred within the same hospital admissions
wherein these infections were identified.

After publication of these results, several points
of criticism were leveled at the study. One of the
main points was that these results were biased
against hospitals because HAI patients tend to be
sicker at admission and direct comparisons would
not be valid. To address this issue, the population
was reanalyzed using a multivariate matching
approach. This method selects case pairs with
coequal disease-specific mortality risk at the time
of admission. Each case is then followed forward
for the outcome. By using this approach, the study
design becomes that of a cohort study. Of greater
importance, the multivariate matching allows for
matching the cohorts across many more parame-
ters than would be possible using a case-control
design. Matching on covariates that influence dis-
ease severity at admission would minimize biases
that result from disease severity at admission.

METHODS

HAI Data collection

PHC4 initiated collection of HAI data in PA hos-
pitals starting on January 1, 2004. Analyses in this

AMERICAN JOURNAL OF MEDICAL QUALITY

report are based on data collected from 177 acute
care hospitals between January 1, 2004, and
December 31, 2004. An advisory panel consisting of
infection control professionals, physicians, medical
records specialists, and quality assurance repre-
sentatives was formed after collection was initi-
ated to provide ongoing advice on issues that
surfaced with the data collection process.

Briefly, identification of HAI cases was based on
the definitions used by the NNIS.” In this study, HAI
was defined as a localized or systemic infection that
results from adverse reaction to the presence of an
infectious agent(s) or its toxin(s) that was not present
or incubating at the time of admission to the hospital.
An unused 2-character data field in the Pennsylvania
Uniform Claims and Billing Form (UB92) was rede-
fined for entry of the HAI data (Table 1). Thirteen
sites based on the CDC’s major site categories
were chosen to identify and define HAL" Reporting
requirements included surgical site infections (SSIs)
for orthopedic surgery, neurosurgery, and surgery
related to the circulatory system; all device-related
infections for Foley catheter—associated UTT; ventilator-
associated PN; and central line—associated blood-
stream infection (BSI).

Data Sources and Variables

Data for the present analysis were obtained
from the Cardinal Health-Atlas Research Data-
base (MediQual division, formerly MedisGroup,
Marlborough, Mass), a large, multi-institutional
database of US acute care hospitals. Analyses were
limited to adult populations aged 18 years or older.

Unique patient identifiers were used to match
the Altas Research Database to the PHC4 data to
obtain a complete record for the patient (including
labs and vital signs) that was necessary for multi-
variate matching. Hospitals surveyed by PHC4
identified 11668 cases of HAI during the study
period, of which 9453 (81%) could be matched to
patient records in the Atlas database. There were
2215 (19%) discharges that could not be matched to
the Atlas database. It was possible that these cases
may have involved some disease conditions outside
of the 35 conditions required for reporting and
might not have been available in the Atlas database.

Details of this database were published
previously.®1° Briefly, Cardinal Health-MediQual
develops the Atlas software and distributes it to
acute care hospitals in the United States for the col-
lection and analysis of detailed clinical and adminis-
trative data. The largest database of its kind, the



AMERICAN JOURNAL OF MEDICAL QUALITY Hospital-Acquired Infection in Pennsylvania 198
Table 1 Table 2
Modified Entry Codes for Hospital-Acquired Frequency Distribution of Propensity-Matched
Infections Cases by Hospital Type
Entry Code Site Description HAI Non-HAI Total
01 Urinary tract n % n % n %  PValue*
02 Surgical site -
03 Pneumonia Bed size
04 Bloodstream 0-199 871 35 4307 35 5178 35 7122
s I O <N )
06 Central nervous system Teachin 1502 63 7572 e? 9075 6? 6696
07 Cardiovascular system Teaci Ing o4 124 14 )
08 Eye, ear, nose, throat, or mouth ota 93 65 958
09 Gastromtes_tmal system HALI = hospital-acquired infection.
10 Lower respiratory tract *Pearson 2 test.
11 Reproductive tract
12 Skin and soft tissue
13 Systemic
14 Multiple
929 No nosocomial infection present

Organization of sites is based on those developed by the Centers for
Disease Control and Prevention and is similar to those used in the
National Nosocomial Infection Surveillance System.

Atlas database collects information on US acute care
hospitals annually, including all acute care hospitals
in PA. In the propensity-matched study population,
61% were teaching hospitals and 35% had fewer
than 200 beds (Table 2). These frequency distribu-
tions represent only disease groups included in the
study and not the entire database.

The Atlas database registers patient demographics,
admission source, type of ICU, all documented proce-
dure and diagnosis codes (International Classification
of Diseases, ninth revision, clinical modification),
admission and discharge dates for each stay in the
ICTU, total length of stay (ILOS) in hospital, billed total
and ancillary hospital charges, discharge disposition,
specific interventions received, and laboratory values,
vital signs, and information on 67 key clinical find-
ings including patient’s clinical history, pathophysio-
logical findings (eg, presence of pleural effusions), and
physician assessments.®° Each case is assigned to 1
of 5 admission severity groups (ASG0-ASG4) based
on predicted risk of mortality at the time of admis-
sion. ASGO is the lowest risk group, whereas ASG4
represents the highest risk group.

Multivariate Matching
The use of multivariate matching has emerged as

an attractive alternative to the nested case-control
model in analyzing observational data.!'®* The

method selects case pairs with coequal admission
severity. Each case is then followed forward to the
outcome. Using this approach, the study design
becomes that of a cohort study, and multivariate
matching emulates the randomization procedure to
the degree that the matching is adequate.

The existing Atlas mortality models using admis-
sion clinical variables were recalibrated on the all-
patient data from calendar year 2004. The final
refinement of these models was the inclusion of hos-
pital characteristics to obtain balance across these
variables when used in the propensity matching.
The resulting models were used to calculate a pre-
dicted probability of death (pDeath) for HAI and
non-HAI populations within the acute care PA hos-
pital patients. Each case pair was created by match-
ing pDeath values. Matched pairs were used in the
analyses with in-hospital mortality, LOS, and hospi-
tal charges as outcomes. HAI was not a variable
used in models developed for the estimation of
pDeaths. We made a reasonable assumption that
excess mortality risk attributed to HAI could be
estimated by adjusting admission mortality risk
through matching cases using pDeath.

For the analyses presented here, we implemented
an enhanced version of the original Parsons’s algo-
rithm that uses a relaxation strategy to optimize the
trade-off between completeness and proximity of
matching.'* Basically, there are 2 competing goals in
multivariate matching:

1. completeness of the match (the fraction of
cases matched) and

2. precision of match (the difference in propen-
sity between a case and its matched control).
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The Parsons’s greedy matching algorithm first
attempts to match at 5-digit precision; if this fails, it
relaxes to 4-digit precision and so on down to single-
digit precision. Using this algorithm, each hospital-
identified HAI case was matched to 5 control cases.

Matching was conducted within the selected high-
frequency disease groups. Among the HAI cases with
clinical records, 2493 (26%) had 1 of 9 selected diag-
noses (ie, colon resection, chronic obstructive pul-
monary disease, PN, respiratory failure, congestive
heart failure [CHF], gastrointestinal bleed, hip frac-
ture, diabetes, and major surgery complications).
Selection of diagnosis groups was based on a combi-
nation of their frequency in the population and
balancing representative categories (medical or sur-
gical). In addition, we entered bed size and teaching
status as covariates to adjust for potential biases
that these hospital characteristics may introduce.
Matched cohorts were examined for success of
matching and covariate balance by comparing pre-
matched and postmatched cohorts for differences in
distribution among predictor variables. Matched
pairs were formed by matching across hospital
boundaries and by forcing the matches to occur
within the same hospital. A subset analysis of
each cohort stratified by HAI type also was done.
Hospitals not included in the PHC4 HAI project were
not used in the matching.

Statistical Analysis

Pearson’s % analysis was used for comparisons
between matched cases and controls within disease
groups as well as covariate balancing during assess-
ment of matching success. Odds ratio calculations
were based on a standard 2-by-2 table analysis lim-
ited to matched pairs to account for possible differ-
ences in patient characteristics. LOS, charges, and
selected demographic characteristics comparisons
were conducted using Student ¢ tests, a Wilcoxon
rank-sum test, and median score test. All analyses
were performed using the SAS statistical package
(version 9.1; SAS Institute, Cary, NC).

RESULTS

Patient Population Description

During the study period, there were 1562 600 dis-
charges collected from 173 hospitals. Among these
patients, 1184809 (76%) had clinical records. The
median age for those discharges with clinical records
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was 67 years, and 508870 (43%) were men. The
median age by gender was similar to the overall
median age. Hospitals surveyed by PHC4 reported
11668 HAI cases during the study period. Among the
reported HAI cases, 563% (6139) had a UTI, 17%
(1932) had a BSI, 11% (1335) had PN, 11% (1317) had
an SSI, and 8% (945) had multiple infections. No
other sites of infection were reported during the
study period.

A total of 9453 records from the 11 668 HAI dis-
charges were matched to records in the Atlas data-
base. Among the 9453 records, 31 discharges could
not be used in the propensity matching because of
missing clinical information. This resulted in a
final HAI population of 9422 (81%). The median
age for the HAI population was 73 years. There
were 3834 (41%) men in the HAI population.

The 2215 HAI discharges without matching
Atlas records could not be used and were removed
from the analyses. These patients had a similar
distribution by gender (40.3% men) and age
(72 years) to the HAI patients with matching Atlas
records (Table 3). Forty-five patients in this popu-
lation were younger than 18 years. The 2215 HAI
discharges without a clinical record had lower mor-
tality (10.7%) as compared with HAI patients
(16%) who had a clinical record (Table 3). The
median LOS for the population (16 days) was the
same for HAI patients with clinical records.

The demographic data for patients used in the
propensity matching are presented in Table 4. The
overall median age for the matched cases and con-
trols was 77 years. The median age for the HAI
cases was slightly lower (75 years), while the
median age for the non-HAI controls was the same
as the overall population. Men comprised 43%
(n = 6514) of the overall propensity-matched cohort.
Gender distribution was similar overall among non-
HALI controls (45%); however, HAI cases had fewer
men (36%). The overall median LOS for the propen-
sity-matched population was 6 days. The median
LOS for the HAI cases was higher (13 days), while
the median LOS for the non-HAI controls (5 days)
was similar to the overall population.

In the overall matched cohort, most of the hospi-
tals (61%) were teaching hospitals, with approxi-
mately equal distribution in hospital bed size
among hospitals with fewer than 400 beds (Table 2).
Hospitals with more than 400 beds comprised 25%
of all hospitals. Prior to matching, statistical testing
showed a significant difference (P < .0001, x* test)
between HAI and non-HAI patient groups in both
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Table 3

Demographic Data for Hospital-Acquired Infection
Discharges (n = 2215) That Did Not Match Any
Records From the Clinical Database

Total
Age, y
Maximum 100
25th percentile 54
Median 70
75th percentile 80
Minimum 18
Male, n (%) 820 (38)
Length of stay, d
Maximum 484
25th percentile 9
Median 16
75th percentile 26
Minimum 0
Mortality, n (%) 233 (10.7)
Charges, $
Maximum 3984784
25th percentile 23497
Median 58936
75th percentile 174 842
Mean 167675
Minimum 1465
Total* 2170

These case records had limited clinical information and no laboratory
information.
*Data presented on adults 18 years and older only. Total population n =2215.

bed size and teaching status. After matching, there
was no statistically significant difference between
the distribution of HAI and non-HAI cases by hospi-
tal bed size and teaching status (Table 2).

Clinical Findings

Based on principal diagnosis, all cases were
grouped into 1 of 114 disease groups defined within
Atlas. Patients identified with an HAI had a wide
variety of diagnoses, and cases were found in 111 of
the 114 possible groups. For the HAI cases, no single
disease group predominated. Thirty-six disease
groups accounted for 75% of all HAI cases. The indi-
vidual disease group frequencies for these disease
groups and the cumulative frequency can be seen in
Table 5.

Comparison of the ranks (Table 5) suggested that
many disease groups that were less common and
often more severe in the non-HAI cases were more
common in the HAI cases. Examination of the rank
differences using a 1-tailed Wilcoxon rank-sum test
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Table 4

Demographic Data for 9 Propensity-Matched
Disease Cohorts

Matched
HAI Non-HAI Overall

Age, y*

Maximum 101 105 105

25th percentile 63 63 63

Median 75 76 76

75th percentile 83 83 83

Minimum 18 18 18
Male, n (%)* 911 (37) 5303 (43) 6214 (42)
Length of stay, d*

Maximum 371 189 371

25th percentile 8 3 4

Median 13 5 6

75th percentile 25 8 10

Minimum 1 1 1
Mortality, n (%)* 418 (17) 924 (7) 1342 (9)
Charges, $*

Maximum 5421478 2593465 5421478

25th percentile 23058 11467 12554

Median 55342 21829 24572

75th percentile 166 526 44542 54232

Mean 172880 44367 65827

Minimum 1787 756 765
Total cases 2493 12465 14958

Five matching non-hospital-acquired infection (HAI) controls were
found for every 1 HAI case.

*Significant at P < .0001 using Wilcoxon and median score 2-sample tests.
"Significant at P < .0001 using % test.

showed that for the top 75% frequency disease
group, there was a borderline statistically signifi-
cant difference between the ranks of HAI and non-
HALI disease groups (P = .08).

This tendency toward increased severity was cor-
roborated by examination of the distribution of ASG
within disease groups. A consistent shift toward
higher severity was seen across disease groups. When
the individual distributions were rolled up across all
disease groups, the shift toward higher ASG levels
was apparent (Figure 1). When distributions were
formally compared using Pearson’s 2 test, the 2 pop-
ulations were found to be significantly different.

Frequency distribution by disease groups
appeared different in the 2215 discharges without
clinical records than in the HAI discharges with
clinical records (Table 6). All of the disease groups
selected for study were less than 1%, with the excep-
tion of CHF and major surgery complications. CHF,
the highest frequency disease among the HAI dis-
charges with clinical records (7.8%), was only 1.2%
of the HAI discharges without clinical records.
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Table 5

Disease Group Frequency in the HAI Population Ordered by Frequency (n = 9422) and Ranking of the
Disease Group Frequency in Both the HAI Population and Control Non-HAI Population

Rank (HAI)*  Disease Group Description No. of Cases % Cumulative % Rank (Non-HAI)*
1 560 Congestive heart failure 736 7.8 7.8 2
2 550 Myocardial infarction 530 5.6 13.4 5
3 1840 Sepsis 374 4.0 17.3 17
4 460 Respiratory failure 327 3.5 20.8 29
5 105 Hemorrhagic stroke 310 3.3 241 51
6 875 Hip fracture 303 3.2 27.3 19
7 2179 Major surgical complication 293 3.1 30.4 27
8 100 Nonhemorrhagic stroke 246 2.6 33.0 15
9 2177 Complication due to device 234 2.5 35.5 24

10 4 Open heart surgery 230 2.4 37.9 41

11 1145 Acute renal failure 219 2.3 40.2 28

12 446 Pneumonia 217 2.3 42.5 3

13 6 Colon resection 208 2.2 447 37

14 610 Gastrointestinal bleeding 205 2.2 46.9 11

15 618 Gastrointestinal obstruction 205 2.2 49.1 31

16 555 Ischemic heart disease 189 2.0 51.1 1

17 606 Intestinal disease 175 1.9 52.9 8

18 870 Nonhip fracture 158 1.7 54.6 18

19 500 Arrhythmia 153 1.6 56.2 4

20 15 Knee arthroplasty 142 1.5 57.7 10

21 510 Aneurysm 139 1.5 59.2 56

22 447 Aspiration pneumonia 137 1.4 60.6 38

23 18 Laminectomy or spine fusion 134 1.4 62.0 12

24 170 Neurological trauma 125 1.3 63.4 68

25 2170 Trauma 123 1.3 64.7 34

26 410 Chronic obstructive pulmonary disease 112 1.2 65.8 6

27 190 Miscellaneous neurologic 105 1.1 67.0 25

28 1010 Diabetes 105 1.1 68.1 16

29 685 Colon cancer 104 1.1 69.2 74

30 14 Hip arthroplasty 94 1.0 70.2 26

31 720 Pancreatic disease 91 1.0 711 32

32 570 Catastrophic vascular 85 0.9 72.0 88

33 1140 Genitourinary infection 85 0.9 72.9 14

34 2685 Metastatic cancer 85 0.9 73.8 45

35 590 Miscellaneous circulatory 82 0.9 74.7 7

36 640 Infectious diarrhea 80 0.8 75.5 44

HALI = hospital-acquired infection.
*Significant at P = .08 using the Wilcoxon rank-sum test.

Disease group assignment in the 2215 cases without
clinical data was accomplished using principal diag-
nosis and procedure only, as these were the only
data available.

Multivariate Matching Results

Of the 9422 HAI records, 2493 (26%) fell into
1 of the 9 disease groups analyzed in this report,
for which 5 matching controls (n = 12 465) were
obtained. For all 9 disease groups studied, 100%
matching was achieved using across-hospital

matching. Matching within hospital resulted in a
lower frequency of successful matching; however,
the results for within-hospital matches showed
more extreme differences between the outcomes of
the cases and controls. The results detailed in
this report were based on across-hospital matches,
which were more conservative as compared to the
results from within-hospital matches. Effectiveness
of matching was determined by analysis of covari-
ate balance. Within each disease group, model
covariates showed significant differences (P < .001,
x? test) between the distribution of HAI cases and
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Figure 1.

Distribution of hospital-acquired infection (HAI) and non-HAI population

by admission severity group (ASG). *P < .001, Pearson % test.

non-HAI controls (Figure 2). After matching, the
covariates were balanced, and no significant differ-
ence (P > .05) could be observed between HAI cases
and non-HAI controls.

Mortality and LOS

Prior to matching, overall all-cause mortality
was 3% among the acute care PA population sam-
pled for this study. All-cause mortality was 16% for
the HAI population and 3% for the non-HAI popu-
lation. Overall median LOS for the sampled acute
care PA population was 3 days. Median LOS was
16 days for the HAI population and 3 days for the
non-HAIT population.

Matched non-HAI controls had higher mortality
rates as compared to unmatched non-HAI dis-
charges across all disease groups included in this
study, which is as expected because HAI cases
tended to have higher admission mortality risk
(Figure 3). However, mortality rates remained sig-
nificantly higher (P < .001, y? test) in the HAI cases
as compared to matched non-HAI controls across
the same disease groups. Mortality for HAI cases in
the propensity-matched cohort was 17%, while non-
HAI controls (7%) were similar to the overall mor-
tality (9%) for the population (Table 4). Odds ratio
estimates from analysis of matched pairs showed a
significantly higher (P < .0001, % test) risk of mor-
tality among the HAI cases as compared to matched

non-HAI controls (Figure 4). Comparison of the
matched pairs for LOS showed large increases in
LOS across all disease groups studied (Figure 5).

Charges

Charge information was available for the
propensity-matched cohort and the HAI discharges
without clinical records (Tables 3 and 4). The overall
median charge for the propensity-matched cohort
was $24 572. The average charge for each HAI case
($173206) was almost 4 times that of the non-HAI
control ($44 367). These estimates are in line with
other studies that have looked at the economic cost
of HAI; these studies showed that patients with HAIs
cost in excess of 3 to 5 times of those without HAIL.'516
For the study population, this translates to approxi-
mately $1.5 billion in excess charges for the HAI
cases in the PA hospitals sampled. Charges broken
out by disease groups are presented in Figure 6.
Among the 2215 discharges without clinical records,
the average charge was $167 675, slightly lower than
the HAI discharges with clinical records.

HAI Site of Infection

HAI patients fell into 1 of 5 distinct types of
infection, characterized by body site: 58.2% UTI,
10.7% SSI, 11.6% PN, 12.4% BSI, and 7.2% multi-
ple infections. A subgroup analysis was conducted
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Table 6

Disease Group Frequencies for Discharges With
Limited Clinical Record Ordered by Frequency

45% 1

40% -

35% -
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Covariate Balance Prior to Matching

£

(n = 2215)
Group Description Count %
2300 Rehabilitation medicine 546 25.16
1710 Hematologic oncology 121 5.58
2177 Complication device 118 5.44
870 Femoral fractures excluding 74 3.41
those classified as
hip fractures
2179 Medical/surgical 59 2.72
complication
190 Miscellaneous neurologic 58 2.67
2470 Multiple trauma 58 2.67
1000 Acid base/electrolyte 57 2.63
imbalance
1700 Chemotherapy/radiation 53 2.44
therapy
1400 Childbirth/pregnancy 49 2.26
910 Skin and subcutaneous 45 2.07
diseases and nonmalignant
disorders of the breast
2685 Metastatic cancer 40 1.84
1843 Low-risk infections 36 1.66
680 Other gastrointestinal cancer 34 1.57
1090 Miscellaneous endocrine 33 1.52
1600 Anemia 32 1.47
2170 Injury trauma 32 1.47
510 Arterial/aneurysm 30 1.38
606 Intestinal disorder 30 1.38
560 Heart failure 26 1.20
105 Cerebrovascular hemorrhage 24 1.11
130 Seizure disorder 24 1.11
170 Neurologic trauma 24 1.1
618 Gastrointestinal obstruction 24 1.11
2688 Miscellaneous tumor 24 1.11
710 Liver/biliary disorder 23 1.06
2500 HIV 22 1.01

by stratifying each of the 9 disease groups by the 5
reported body sites for HAI (Figures 7-9). Overall,
the most important contributors to mortality, LOS,
and charges were BSI, PN, and multiple infections
across all disease groups; however, the degree of
these effects varied by outcome variable within dis-
ease groups. The number of mortalities in cases
with HAI by site of infection was 159 UTI, 93 BSI,
85 PN, 53 multiple infections, and 10 SSI.

DISCUSSION

Although patients with HAI in PA hospitals had
significantly higher mortality (16% HAI population,

30%
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Covariate Balance Post Matching
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Figure 2. Congestive heart failure covariate balance
before matching and after matching. Comparison of
hospital-acquired infection (HAI) and non-HAI showed
a significant difference (P < .001) in all covariates
prior to matching. *P < .001, Pearson y? test.
BUN = blood urea nitrogen; SBP = systolic blood
pressure; AMS = altered mental status;

COPD = chronic obstructive pulmonary disease.

3% sampled PA acute care population, P < .0001
x? test) and longer LOS (16 days HAI population,
3 days PA acute care population, P < .0001 Wilcoxon
and median score tests), it was not clear whether
these poorer outcomes could be completely attrib-
uted to HAI. Patients with HAI also appeared to
be older (73 years HAI population, 67 years PA
acute care population, P < .0001 Student ¢ test) and
were more severe on admission across many disease
groups (mean ASG = 2.22 HAI population, mean
ASG = 1.78 non-HAI population). It is conceivable
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Figure 3. Comparison of mortality rates between
matched and unmatched non-hospital-acquired
infection (HAI) cases by specific disease groups.

*P < .001, Pearson x?* test. COPD = chronic obstructive
pulmonary disease; GI = gastrointestinal.

4.1
Colonic Resection
n=416 56
COPD
T [ |
n=214
0 3.5
Pneumonia
n=426 | -
1.4
Resp. Failure
n=656 |
q 3.0
Heart Failure
n=1478 7 , =
2,
Gl Bleed
n=406 | -
i 27
Hip Fracture
n=600 | -
Diabetes <o
n=208 | =T
q 0 Bty 5.0
Major Surgical Complication
n=582 | -
t t i
0.1 1.0 10.0 100.0

0Odds Ratio (Mortality)

Figure 4. Odds ratios estimates from disease-specific
mortality models using matched pairs. Error bars
represent the 95% confidence interval. COPD = chronic obstruc-
tive pulmonary disease; GI = gastrointestinal.

that differences in disease-specific admission sever-
ity may have accounted for the poorer outcomes
observed among the HAI population. Comparisons
without taking these factors into consideration
could seriously bias the results.'>!?
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Figure 5. Average length of stay (LOS) estimates
from disease-specific LOS models using matched pairs.
Error bars represent the 95% confidence interval.
COPD = chronic obstructive pulmonary disease;

GI = gastrointestinal; HAI = hospital-acquired infection.
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Figure 6. Average charges estimates from disease-specific
groups using matched pairs. Error bars represent the 95% confi-
dence interval. COPD = chronic obstructive pulmonary disease;
GI = gastrointestinal; HAI = hospital-acquired infection.

Adjustment for potential biases using a tradi-
tional case-control methodology would make the
task cumbersome, if not impossible, because a
large number of criteria would be required for
matching. Multivariate matching is an attractive
alternative to the nested case-control model in
analyzing observational data. This method allows
matching across a much larger number of parame-
ters than would be feasible in a case-control study.

This analysis was made possible by having objec-
tive pathophysiologic measures of severity that per-
mitted identification of comparable severity cohorts
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Figure 7. Hospital-acquired infection (HAI) site-specific
mortality odds ratio for entire HAI population. Error bars
represent 95% confidence interval. SSI = surgical site
infection; UTI = urinary tract infection.
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Figure 8. Hospital-acquired infection (HAI) site-specific
mean length of stay (LOS; in days) for entire HAI population.
Error bars represent 95% confidence interval. SSI = surgical

site infection; UTI = urinary tract infection.

on objective grounds that can be supported in the
clinical literature.®°

By matching cases and controls using these meas-
ures as covariates, a relatively unbiased cohort was
generated for analysis. Examination of postmatching
results clearly showed the effectiveness of multivari-
ate matching. Figure 2 shows an example of pre-
matching and postmatching covariate distributions.
With the exception of the pleural effusion variable,
all differences between HAI cases and non-HAI con-
trols prior to matching were balanced (no statistically
significant difference between cases and controls,
P > .05 %? test) after matching (Figure 2). Potential
biases due to differential distribution of covariates no
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Figure 9. Hospital-acquired infection (HAI) site-specific

charges (per 1000 dollars) for entire HAI population. Error

bars represent 95% confidence interval. SSI = surgical site
infection; UTI = urinary tract infection.

longer contributed to tested outcomes (ie, mortality,
LOS, charges). Comparison of demographic data pre-
matching and postmatching also shows a balancing
of the cases and controls (Tables 3 and 4).

Interestingly, matched controls had higher mor-
tality rates as compared to unmatched controls.
This supports the argument that HAI patients
may be sicker on admission as compared to the
non-HAI patients, making it vitally important to
adjust for this effect. However, even after compen-
sating for admission mortality risk, HAI cases still
demonstrated significantly higher (P < .0001 2
test) mortality than non-HAI controls did.

In creating the case-control pairs, pDeath was
used as the matching variable. It was important to
make the assumption that we could obtain a rela-
tively close estimate of mortality attributed to HAI
by adjusting for admission mortality risk. In other
words, the factors that contribute to mortality
via HAI do not completely overlap those used to
predict mortality risk on admission. If these covari-
ates overlapped completely, we would not be able to
adjust for admission risk through matching and
obtain a relatively unbiased estimate of the true
risk of HAI mortality.'*'3

Stratification by site of HAI infection also
showed some interesting results. Three groups
(BSI, PN, multiple infections) appeared to have the
worst outcomes even after adjustment for admis-
sion risk (Figures 7-9). Targeting these patients in
any safety improvement program at a hospital will
certainly generate enormous savings in lives and
charges. However, it was interesting to note that



AMERICAN JOURNAL OF MEDICAL QUALITY

while patients with UTI may not have had the
worst outcomes, their relatively higher numbers
may make them a more important target than the
3 worst outcome groups. For example, although
patients with UTI had lower mortality risk, LOS,
and charges than those with BSI, PN, and multiple
infections, they had the highest proportion of total
deaths (38%), LOS (45%), and charges (31%)
among all HAI patients because of the simple fact
that they comprised 58% of all HAI cases. The first
impulse might be to target the cases with the high-
est risk for adverse outcomes. However, despite
their lower risks, the large number of UTI cases
also provides a substantial opportunity for reduc-
tion of mortality, LOS, and charges.

In cases voluntarily identified as HAI in PA, mul-
tivariate matched cohorts that balanced numerous
objective clinical measures of severity showed that
disease-specific odds ratios for mortality increased
1.5 to 5.0 times for those with an HAI while disease-
specific LOS was increased 8 to 20 days in the same
population. Therefore, by taking account of any poten-
tial biases caused by patient characteristic, diagnoses,
and varying degrees of admission severity as well as
hospital characteristics, significantly higher mortal-
ity risk and increased LOS (P < .0001 %2, Wilcoxon,
and median score tests) was observed in all major
disease groups. These results suggest that differ-
ences in disease-specific admission severity deter-
mined by objective clinical measures do not account
for the observed adverse mortality and LOS out-
comes in patients identified with HAI in PA, and
development of HAI significantly increases mortality
risk, LOS, and charges (P < .0001 %2, Wilcoxon, and
median score tests). Reducing factors that contribute
to the development of HAI can save lives, decrease
costs, and save valuable health care resources.

LIMITATIONS

Because data for this analysis were based on the
first year of mandatory reporting, HAI collection
may be incomplete among surveyed hospitals. In the
PHC4 research brief, there is some evidence that
suggests possible underreporting of HAI. For exam-
ple, PHC4 found that the percentage of hospitals
reporting HAIs increased from 5% in the first quar-
ter of 2004 to 12.6% in the third quarter of 2005.5 In
addition, among those surveyed, 16 hospitals,
including several large facilities, did not report any
HAI cases during the study period. A report by
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Burke estimated that between 5% and 10%
of patients admitted to acute care hospitals in
the United States per year acquired 1 or more
infections; however, PA hospitals reported approxi-
mately 1% HAI among all discharged patients. &'
Because the estimate in the Burke study was based
on NNIS data, it was possible that this estimate was
weighted in favor of ICU patients.

Underreporting, if nonselective, could bias the
results toward no association. However, despite
the possibility of underreporting, the analyses in
this article showed that there were significant
differences (P < .0001, y? test) in outcomes between
hospital-identified HAI cases and matched control
patients. It is possible that with more complete
reporting, the differences between cases and con-
trols could be even larger than those observed in
this study.

Although our methods dramatically reduced the
potential for bias in this study, matching could
be done only on existing data. It is possible that
inclusion of more hospitals could change the rela-
tionships observed in this study. However, the dif-
ferences in outcomes between HAI and non-HAI
cases are large. For the results to be reversed, a
large proportion of cases in the hospitals that were
not surveyed would have to show opposite out-
comes and higher raw mortality rates, LOS, and
charges in the excluded population than in the
control population. Without the data, it is impossi-
ble to determine the effect on the observed results
of this study. The observed difference could be less
than reported here; a complete reversal is unlikely.

We were unable to obtain clinical data on 19% of
the HAI population; therefore, these cases were
not used in the matching and subsequent analyses.
By not including these discharges, we could have
introduced bias into our analyses. Although these
patients fell into different diagnostic groups, the over-
all demographic data does not appear to be largely
different from the HAI cases with clinical data. The
crude mortality rates, LOS, and charges for this pop-
ulation are all higher than the control population.
Therefore, it is doubtful that inclusion of these miss-
ing cases would reverse the results of the study.
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Surgical wound infections are the most common
hospital-acquired infections among patients who
undergo inpatient surgery. Risk of infection is a func-
tion of both patient susceptibility and exposure. The
authors studied all discharges in Pennsylvania from
October 1, 2004, through September 30,2005, in which
a circulatory (n = 65 940), neurological (n = 6706), or
orthopedic (n = 107825) procedure was performed
using data from the Pennsylvania Health Care Cost
Containment Council. They estimated the impact of
patient-specific factors on risk of infection and com-
pared the ability of these factors to predict infections
relative to hospital effects. Results suggested that for
all 3 types of procedures, patient-specific factors
were a significant determinant of risk of surgical
wound infection. However, prediction of infection
was improved by 23% to 33% when hospital fixed
effects were included. Although patient-specific fac-
tors had a statistically significant association with
risk of infections, much of the risk of surgical wound
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Surgical wound infections are the most common
hospital-acquired infection (HAI) among patients
who undergo inpatient surgery.'* Approximately 1
of every 24 (4.1%) patients who have inpatient sur-
gery in the United States develops a surgical
wound infection.?* Surgical wound infections are
substantial in terms of their impact on morbidity,
mortality, and resource use.>°

Whether a patient develops an infection is a func-
tion of both patient susceptibility and exposure.
Several patient-specific factors have been consis-
tently associated with increased risk of surgical
wound infection, including age, diabetes mellitus,
obesity, smoking, immunosupressants, malnutrition,
and duration of preoperative hospitalization.®'12 In
addition, some surgical procedures carry an inher-
ently higher risk of infection. For example, rates of
surgical wound infections tend to be higher for
abdominal surgery, particularly small-bowel surgery,
colon surgery, gastric surgery, and liver/pancreas
surgery.®1>16

By exposure, we mean several practices or pat-
terns of the hospital and the clinical teams that
lead to an increase or decrease in infections and
can be influenced by providers. These include the
method of hair removal, use of bone wax, traffic
through the operating room, the presence of a for-
eign body, and prolonged duration of surgery.®!"?
They also include the attention given to hand
washing throughout the hospital and the diligence
with which antibiotics are given prior to surgery.
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One study of surgical would infections found that
nonteaching hospitals have been shown in previ-
ous studies to have lower rates of surgical wound
infections than teaching hospitals do.?’ However, it
is unknown how much of this difference is due to
unmeasured differences in the surgical patients.

Thus, the rate of surgical wound infections
varies depending on several patient- and hospital-
specific factors. It is essential to tease out the
strength of each of these causal clusters, especially
when considering using infection rates as a type of
performance measure—whether for public report-
ing, establishing pay-for-performance goals, or for
setting up a provider network. If infections tend to
be driven by patient-specific factors, then signifi-
cant risk adjustment will be necessary to assess
HAI rates across providers. However, if they are
highly associated with hospital-specific factors
that are more likely to be under the control of the
hospital, then they become more valid measures of
performance. This study used data on surgical
wound infections collected at the state level to esti-
mate the impact of patient-specific factors on the
risk of infection and to compare the ability of
patient-specific factors to predict infections rela-
tive to hospital effects.

METHODS

The overall strategy to assess the relative
importance of patient-specific risk of infection and
hospital-specific risk of infection was to model risk
of infection using logistic regression and then to (1)
estimate the effect of patient-specific effects, (2)
reestimate the model including hospital-specific
effects by inserting a dummy variable for each hos-
pital, and (3) compare the goodness of fit of models
with and without hospital fixed effects.

Data Sources

General acute care (GAC) hospitals in Pennsylvania
are required by state law (act 89 of 1986, currently
act 14 of 2003) to submit patient discharge data on a
quarterly basis to the Pennsylvania Health Care
Cost Containment Council (PHC4). Hospitals submit
UB-92 (uniform billing form) data for all discharges.
In addition, hospitals submit key clinical findings
(KCF's) using the Atlas Outcomes System (MediQual
Systems, Inc, Marlborough, Mass) to abstract patient
severity information, which is an objective severity of
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illness grouping and risk-adjustment system that
classifies each patient’s risk on admission. KCFs
include information such as lab test results, electro-
cardiogram findings, vital signs, the patient’s medical
history, imaging results, pathology, and operative/
endoscopy findings. These findings are translated
into a predicted probability of death score for each
patient. Starting in January 2004, hospitals also
began submitting HAI data by reporting a 2-digit
code that indicates the type of HAI that was con-
firmed by the hospital. The code is entered into a des-
ignated field of the UB-92 billing form.

Study Population

The study population included discharges from
October 1, 2004, through September 30, 2005, in
which a circulatory (n = 65940), neurological (n =
6706), or orthopedic (n = 107 825) procedure was per-
formed. (A list of procedure codes included in the
study is available from the authors.) Discharges
for which GAC hospitals were not required to report
HAI were not included (ie, patients less than or
equal to 1 year old and cases assigned to major diag-
nostic category [MDC] 19, mental diseases and disor-
ders, and MDC 20, alcohol/drug use and alcohol/
drug-induced organic mental disorders). Furthermore,
patients receiving solid organ transplants were
excluded based on initial analysis that suggested
they were at greater risk of contracting a surgical
wound infection (n = 241). In addition, because the
Atlas Outcomes predicted probability of death score
was a key covariate in evaluating a patient’s risk,
observations with a missing Atlas Outcomes pre-
dicted probability of death score also were excluded
from the study (n = 31763).

Statistical Analysis

To evaluate the effect of patient-specific factors,
we used logistic regression to model the risk of con-
tracting a surgical wound infection during a hospital
admission in which 1 of the above procedures
was performed. We conducted a literature review
to identify demographic and clinical risk factors.
Clinical variables were defined by International
Classification of Diseases (ninth revision, clinical
modification) diagnosis codes. (A list of diagnosis
codes used is available from the authors.) We also
included the Atlas Outcomes predicted probability of
death, which we use as an indicator of patient sever-
ity, as a covariate. We then tested for a univariate
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association with infections using a % test. Variables
with a statistically significant univariate association
(P < .05) with the presence of a surgical wound HAI
that was confirmed by the hospital were included in
the subsequent regression model.

We estimated 2 sets of logistic regression mod-
els. The first set of models included only patient-
specific variables. We examined the coefficients for
the patient-specific factors to determine whether
they were statistically significant. We also esti-
mated the C statistic to determine goodness of fit
and as a benchmark for comparing subsequent
models that included hospital fixed effects. The sec-
ond set of models included fixed effects for each of
the hospitals. The fixed effects are binary indica-
tors for each hospital. The purpose in including
hospital fixed effects is that they capture variabil-
ity and interhospital differences in infection rates
without the need to identify specific practices or
environmental characteristics within the hospi-
tals. Coefficients were examined for statistical sig-
nificance, and goodness of fit was measured using
the C statistic. The C statistic was compared
between models with and without hospital fixed
effects. The key covariate in the models was the
logit (ie, natural log odds) of the predicted proba-
bility of death.

RESULTS

Table 1 presents data on the study population
included in the model. The overall HAI rates were
0.37% for circulatory conditions, 0.72% for neurolog-
ical procedures, and 0.42% for orthopedic procedures.
We also show the demographic and clinical factors
that were identified as risk factors for surgical
wound infections as a result of the literature review.

Tables 2, 3, and 4 present the results of the logis-
tic regression for each of the 3 conditions. The
demographic and clinical characteristics included
in these models were those that had a univariate
association with infection. For circulatory proce-
dures, patient severity, diabetes, chronic renal fail-
ure, and obesity had a significantly positive impact
on risk of infection (Table 2). Although these vari-
ables were statistically significant, individual
characteristics provided only poor discrimination.
The C statistic was 0.66, which suggests poor dis-
crimination. However, when the hospital indicators
were added to the model, the C statistic increased
by 23% and discrimination increased from poor
to good.*
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There were very few patient-specific predictors
of surgical wound HAI for neurological procedures.
As seen in Table 3, only age and gender had a uni-
variate association and were included in the multi-
variate model. In the multivariate model, only age
had a significant association with risk of infection.
As with circulatory procedures, hospital fixed
effects were a significant determinant of risk of
HAI and improved discrimination by 25%, from
poor to good.

For orthopedic procedures, patient severity, chronic
obstructive pulmonary disease (COPD), diabetes, and
obesity were significantly associated with risk of sur-
gical wound infection following orthopedic procedures
(Table 4). The C statistic for the model with patient-
specific effects was 0.612, which suggests poor dis-
crimination despite the fact that patient-specific
variables were significant. Adding hospital dummy
variables to the model increased the C statistic to
0.83, which is an improvement of 33% and suggests
good discrimination.

DISCUSSION

In the United States, it has been estimated that
about 2 million people annually develop HAIs. The
costs associated with HAIs, in terms of patient
morbidity and mortality as well in direct economic
costs, are staggering. It is thought that as many as
100 000 deaths and up to $3.5 billion in costs annu-
ally are attributable to HAIs. The associated oppor-
tunity costs to hospitals, government, and payers
are tremendous, and the costs to affected patients
are obvious.

A key component in addressing the problem of
HALI is to implement surveillance and control pro-
grams. The landmark Study of the Efficacy of
Nosocomial Infection Control showed that hospitals
with effective infection surveillance and control pro-
grams, including a trained infection control physician,
infection control nurse, and a system for reporting
infection rates, were able to decrease their infection
rates by 32% compared to an increase of 18% for hos-
pitals without effective programs.?? Effective infection
control programs will have processes to identify and
address risk factors for HAIs.

We found that the HAI rates for the 3 surgical
procedures examined in this article ranged from
0.37% to 0.72%. The rates are much lower than the
national estimate of 4.1%. This may be explained
in part by the fact that we did not study the uni-
verse of surgical procedures but only 3 specific
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Table 1
Characteristics of Surgical Patients Included in the Analysis
Circulatory Neurological Orthopedic
Procedures Procedures Procedures
n % n % n %

Cases analyzed 65940 100.00 6706 100.00 107 825 100.00
Hospital-acquired surgical wound infection 246 0.37 48 0.72 456 0.42
Age,y

<29 742 1.13 642 9.57 3707 3.44

30-39 1119 1.70 582 8.68 5538 5.14

40-49 3892 5.90 1026 15.30 12292 11.40

50-59 9431 14.30 1233 18.39 18782 17.42

60-69 14944 22.66 1142 17.03 22759 21.11

70-79 21213 32.17 1253 18.68 25754 23.88

80-89 13164 19.96 758 11.30 15986 14.83

>90 1435 2.18 70 1.04 3007 2.79
Patient severity

None (0.000-0.001) 8085 12.26 667 9.95 66227 61.42

Minimal (0.002-0.011) 30310 45.97 2609 38.91 26111 24.22

Moderate (0.012-0.057) 19686 29.85 1968 29.35 12020 11.15

Severe (0.058-0.499) 7060 10.71 1045 15.58 3339 3.10

Maximal (0.500-1.000) 799 1.21 417 6.22 128 0.12
Cancer 2089 3.17 1699 25.34 2588 2.40
Complicated hypertension 4083 6.19 111 1.66 2220 2.06
Chronic obstructive pulmonary disease 11073 16.79 542 8.08 8140 7.55
Chronic renal failure 729 1.11 21 0.31 490 0.45
Diabetes

Without complication 13734 20.83 730 10.89 15356 14.24

With complication 2836 4.30 86 1.28 5571 517
Heart failure 17567 26.64 329 4.91 5689 5.28
Gender

Female 25627 38.86 3085 46.00 62 356 57.83

Male 40313 61.14 3621 54.00 45469 42.17
Morbid obesity 941 1.43 52 0.78 2083 1.93
Race/ethnicity

Hispanic 839 1.27 122 1.82 1246 1.16

White, non-Hispanic 57723 87.54 5463 81.46 96 667 89.65

Black, non-Hispanic 4185 6.35 543 8.10 6157 5.71

Other/unknown, non-Hispanic 3193 4.84 578 8.62 3755 3.48
Trauma 104 0.16 36 0.54 526 0.49

groups of procedures. The procedures we studied
would be expected to have relatively low rates of
infection, particularly compared to abdominal and
bowel procedures. Another potential explanation
for the low rate of infections is that the infection-
reporting requirements do not include readmis-
sions for infection.

We found that patient characteristics and hospital
factors were significant determinants of surgical
wound infections for patients undergoing circulatory,
neurological, or orthopedic procedures. For circula-
tory procedures, patient severity, diabetes, chronic
renal failure, and obesity were significant predictors

of infection. Only age was a significant risk factor
for neurological procedures. For orthopedic proce-
dures, patient severity, COPD, diabetes, and obesity
were associated with significant risk for infection.
However, these patient characteristics did not pro-
vide the basis for a good predictive model for surgi-
cal wound infection. Adding hospital fixed effects
improved predictions from 23% to 33%. This sug-
gests that the risk of infections for roughly compara-
ble patients varies significantly across the hospitals.
Although some of the increased risk may be due
to unmeasured patient characteristics, it is likely
that much of it is due to different hospital-specific
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Table 2
Results of Logistic Regression Analyses for Circulatory Procedures

Without Hospital Effects
(n =65940"; C statistic = 0.661)

With Hospital Effects
(n =65940"; C statistic = 0.816)

Risk Factor Coefficient P Coefficient P
Intercept —4.8139 -3.7879
Patient severity 0.2538 <.0001 0.2440 <.0001
Chronic obstructive pulmonary disease 0.2591 .0927 0.1891 .2260
Diabetes .0028 .0013

None i T

Diabetes without complication 0.3326 0.3635

Diabetes with complication 0.7040 0.7541
Complicated hypertension 0.1486 .5010 0.1714 4452
Heart failure 0.0474 .7340 0.0548 .6991
Chronic renal failure 0.7805 .0253 0.7785 .0315
Morbid obesity 1.2140 .0001 1.2139 .0002
Race/ethnicity .0976 2418

Hispanic 0.3100 0.5449

White, non-Hispanic f T

Black, non-Hispanic 0.2322 0.1064

Other/unknown, non-Hispanic 0.5519 0.4559
Hospital NA NA .0004

*Transplant plant procedures and cases missing MediQual predicted death score were excluded.

"This is the reference level for the variable.

practices and environments. Additional research
that examines how hospital practices differ and give
rise to different rates of surgical wound infections
would be of great value.

We recognize the limitations of this study. The
data collection conducted by PHC4 is still in its
early stages and requires validation. Although we
estimated fixed effects for hospitals, we do not iden-
tify specific hospital practices that may vary and
contribute to surgical wound infections in patients.
Such factors would be more helpful in guiding infec-
tion control efforts. There was a relatively small
sample size overall for the neurosurgery group, and
there were a relatively low number of infections in
all groups. There were variables that were signifi-
cantly associated with risk of infection, however,
and the C statistics suggested that the model is able
to discriminate between those who develop infec-
tions and those who do not.

Even after identifying patient-specific factors, the
question remains as to how one should use them to
modify the clinical approach in preventing surgical
wound infections. Hospital infection control policies
and procedures focus on systematic process improve-
ments that will shift the curve to decrease risk for
infections. Such process improvements should be

Table 3

Results of Logistic Regression Analyses for
Neurological Procedures

Without Hospital
Effects (n = 6706 ;
C statistic = 0.662)

With Hospital
Effects (n = 6706 ;
C statistic = 0.826)

Risk Factor Coefficient P Coefficient P
Intercept -3.5298

Patient severity 0.0647 3123 .2076
Age —-0.0269 .0006 .0017
Male 0.4749 .1245 .0742
Hospital NA NA .9999

*Transplant plant procedures and cases missing MediQual predicted
death score were excluded.

independent of patient-specific factors. In contem-
plating potential patient-specific factors, one can
make reference to the engineering concept of toler-
ance. Tolerance in engineering is the permissible
limit of variation in a dimension or value of a param-
eter. If tolerance limits are exceeded, a manufac-
tured component will have a higher risk of failure.
Tolerance stack up occurs when the summed indi-
vidual tolerances of several combined components
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Table 4

Results of Logistic Regression Analyses for
Orthopedic Procedures

Without Hospital
Fixed Effects
(n=107825";

C statistic = 0.612)

With Hospital
Fixed Effects
(n=107825"

C statistic = 0.831)

Risk Factor Coefficient P Coefficient P
Intercept -4.9765
Patient severity 0.0911 <.0001 <.0001
Chronic obstructive 0.3028 .0416 .0721
pulmonary disease
Diabetes .0011 .0009
No t
Diabetes without 0.2589
complication
Diabetes with 0.5527
complication
Complicated 0.0983 .6991 .8411
hypertension
Heart failure 0.2212 .1928 .1054
Morbid obesity 0.8361 .0004 <.0001
Hospital NA NA .0012

*Transplant plant procedures and cases missing MediQual predicted
death score were excluded.
"This is the reference value.

exceeds the specified tolerance of the whole, result-
ing in higher risk of failure.

Patients with potential identified risk factors
might be considered to have lower tolerance limits
and thus be more susceptible to surgical wound
infections. As further research is done to quantify
risks for infection and the measurable impact of
process improvement on decreasing risk, it may
become possible to understand how to decrease the
likelihood of tolerance stack up and thereby
decrease the risk for surgical wound infections.

REFERENCES

1. Roy MC, Perl TM. Basics of surgical-site infection surveil-
lance. Infect Control Hosp Epidemiol. 1997;18:659-668.

2. Gaynes RP, Culver DH, Horan TC, Edwards JR, Richards C,
Tolson JS. Surgical site infection (SSI) rates in the United
States, 1992-1998: the National Nosocomial Infections
Surveillance System basic SSI risk index. Clin Infect Dis.
2001;33(suppl 2):S69-S77.

3. Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG.
CDC definitions of nosocomial surgical site infections, 1992:
a modification of CDC definitions of surgical wound infec-
tions. Infect Control Hosp Epidemiol. 1992;13:606-608.

4. Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG.
CDC definitions of nosocomial surgical site infections, 1992:
a modification of CDC definitions of surgical wound infec-
tions. Am J Infect Control. 1992;20:271-274.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

AMERICAN JOURNAL OF MEDICAL QUALITY

Boyce JM, Potter-Bynoe G, Dziobek L. Hospital reimburse-
ment patterns among patients with surgical wound infec-
tions following open heart surgery. Infect Control Hosp
Epidemiol. 1990;11:89-93.

Poulsen KB, Bremmelgaard A, Sorensen AI, Raahave D,
Petersen JV. Estimated costs of postoperative wound infec-
tions: a case-control study of marginal hospital and social
security costs. Epidemiol Infect. 1994;113:283-295.

Vegas AA, Jodra VM, Garcia ML. Nosocomial infection in
surgery wards: a controlled study of increased duration of
hospital stays and direct cost of hospitalization. Eur
Epidemiol. 1993;9:504-510.

Hollenbeak CS, Murphy DM, Koenig S, Woodward RS,
Dunagan WC, Fraser VJ. The clinical and economic impact of
deep chest surgical site infections following coronary artery
bypass graft surgery. Chest. 2000;118:397-402.

Hollenbeak CS, Alfrey EdJ, Souba WW. The effect of surgical
site infections on outcomes and resource utilization after
liver transplantation. Surgery. 2001;130:388-395.
Perencevich EN, Sands KE, Cosgrove SE, Guadagnoli E,
Meara E, Platt R. Health and economic impact of surgical
site infections diagnosed after hospital discharge. Emerg
Infect Dis. 2003;9:196-203.

Kaye KS, Schmit K, Pieper C, et al. The effect of increasing
age on the risk of surgical site infection. J Infect Dis.
2005;191:1056-1062.

Cheadle WG. Risk factors for surgical site infection. Surg
Infect (Larchmt). 2006;7(suppl 1):s7-s11.

O’Neill PA, Kirton OC, Dresner LS, Tortella B, Kestner MM.
Analysis of 162 colon injuries in patients with penetrating
abdominal trauma: concomitant stomach injury results in a
higher rate of infection. J Trauma. 2004;56:304-312.

Tang R, Chen HH, Wang YL, et al. Risk factors for surgical
site infection after elective resection of the colon and rectum:
a single-center prospective study of 2,809 consecutive
patients. Ann Surg. 2001;234:181-189.

Imai E, Ueda M, Kanao K, Miyaki K, Kubota T, Kitajima M.
Surgical site infection surveillance after open gastrectomy
and risk factors for surgical site infection. J Infect Chemother.
2005;11:141-145.

Hollenbeak CS, Alfrey EJ, Sheridan K, Burger TL, Dillon
PW. Surgical site infections following pediatric liver trans-
plantation: risks and costs. Transpl Infect Dis. 2003;5(2):
72-78.

Gibbs L, Kakis A, Weinstein P, Conte JE Jr. Bone wax as a
risk factor for surgical-site infection following neurospinal
surgery. Infect Control Hosp Epidemiol. 2004;25:346-348.
Erman T, Demirhindi H, Gocer AI, Tuna M, Ildan F, Boyar B.
Risk factors for surgical site infections in neurosurgery
patients with antibiotic prophylaxis. Surg Neurol. 2005;
63:107-112.

Niel-Weise BS, Wille JC, van den Broek PJ. Hair removal poli-
cies in clean surgery: systematic review of randomized, con-
trolled trials. Infect Control Hosp Epidemiol. 2005;26:923-928.
Hughes JM, Culver DH, White JW, et al. Nosocomial infec-
tion surveillance, 1980-1982. MMWR CDC Surveill Summ.
1983;32(4):1SS-16SS.

Swets JA. Measuring the accuracy of diagnostic systems.
Science. 1988;240:1285-1293.

Haley RW, Culver DH, White JW, et al. The efficacy of infec-
tion surveillance and control programs in preventing noso-
comial infections in US hospitals. Am J Epidemiol. 1985;
121:182-205.



United States of America

United

Worldwide Office Locations

SAGE Publications, Inc.

2455 Teller Road

Thousand Oaks, California, 91320 USA
Phone: 805-499-9774

Fax: 805-499-0871

Email: journals@sagepub.com
Website: www.sagepub.com

Kingdom

SAGE Publications, Ltd.

1 Oliver’s Yard

55 City Road

London EC1Y 1SP, United Kingdom
Phone: +44 (0)20 7324 8500

Fax: +44 (0)20 7324 8600

Email: subscription@sagepub.co.uk
Website: www.sagepub.co.uk

India

Corwin Press, Inc.

2455 Teller Road

Thousand Oaks, California 31920 USA
Phone: 805-499-9774

Fax: 805-499-0871

Email: order@corwinpress.com
Website: www.corwinpress.com

SAGE Publications India, Pvt. Ltd.
B-42 Panchsheel Enclave

Post Box 4109

New Delhi 110-017

Phone and Fax: +91 11 2649 1290
Email: journalsubs@indiasage.com
Website: www.indiasage.com

SAGE Worldwide Website
www.sagepublications.com




The Content You Wan,
the Convenience You Need

SAGE Journals Online
Online Journal Delivery Platform

SAGE Journals Online hosts SAGE'’s prestigious and highly cited journals
and represents one of the largest lists in the social sciences as well as an
extensive STM offering. The platform allows subscribing institutions to
access individual SAGE journal titles and provides users with dramatically

: . enhanced features and functionality, including flexible searching and
outstanding software . . .[which] b . biliti able alerti . dad d
presents the results very rowsing capabilities, customizable alerting services, and advanced,
attractively in a standard and toll-free inter-journal reference linking.

condensed format.” . . Librarian-friendly features include

—Péter Jacseé, Online Familiar HighWire subscription and administration tools
Perpetual access to purchased content
Temporary backfile access to 1999 (where available)
Enhanced subscription options for most titles
COUNTER-compliant reports

User-friendly usage statistics
Open-URL compliant @SAGE JOURNALS

Pay-per-view options a l @
©SAGE Publications CGa==E2C

www.sagepublications.com http://online.sagepub.com

“[SAGE Journals Online] offers





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




