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Summary

e Survey data from the National Nosocomial Infections Surveillance (NNIS) system, National
Hospital Discharge Summary, and American Hospital Association report the incidence of
hospital-acquired infections (HAIs) and the mortality resulting from them.

0 In 2002, there were 1.74 million HAIs and 99 thousand attributable deaths.

0 Two-thirds of those deaths were the result of bloodstream infections and ventilator-
associated pneumonia.

0 There was a decreasing trend in HAI incidence from 1975 to 2002.

¢ An Agency for Healthcare Research and Quality (AHRQ) report published in 2007 surveyed
the evidence on various interventions to reduce HAIs.

o0 The AHRQ reviewers found that the quality of evidence was low, and that there was
little consistency in patient populations and interventions examined. Therefore, they
did not combine the results of the studies into a single numeric result estimating the
ability of interventions to reduce HAIs.

e We used the 2002 estimate of HAls and attributable deaths from the NNIS survey and the
range of HAI reductions observed in the AHRQ report to calculate the number of preventable
HAIs and HAI deaths per year:

0 Bloodstream infections: 18%-82% of infections preventable,

5,520-25,145 preventable deaths per year

o Ventilator-associated pneumonia: 38%-71% of infections preventable,

13,667-25,537 preventable deaths per year

o Urinary tract infections: 17%—69% of infections preventable,

2,225-9,031 preventable deaths per year
o Surgical site infections: 26%-54% of infections preventable,
2,133-4,431 preventable deaths per year
o There is considerable uncertainty in these figures because of the numerous assumptions
going into them. One should not base policy decisions on these figures without understanding
the sources of uncertainty.




Background

To inform policy discussions regarding the reduction of infections in hospitals, the Center for
Evidence-based Practice at the University of Pennsylvania Health System was asked to estimate
the number of annual deaths in U.S. hospitals from reasonably-preventable cases of hospital-
acquired infections (HAISs), particularly bloodstream infections (BSI) and ventilator-associated
pneumonia (VAP).

Methods

An accurate estimation of this figure requires accurate estimates of two underlying figures: the
current total of annual deaths from HAIs and the proportion of these deaths that are “reasonably
preventable.” Uncertainty in either of these components will necessarily lead to uncertainty in
the final estimate.

A best-evidence approach was used to obtain the source data for this calculation. To estimate the
number of HAIs and resulting mortality, we used estimates from the National Nosocomial
Infections Surveillance (NNIS) system, National Hospital Discharge Summary, and American
Hospital Association as reported by Klevens and colleagues.(1) To estimate the proportion of
HAIs that could be prevented, we used the estimates of HAI risk reductions resulting from
quality improvement strategies as reported in an Agency for Healthcare Research and Quality
(AHRQ) Evidence-based Practice Center (EPC) report.(2) Given the limited quality of the
studies reviewed by the AHRQ report, we only used HAI risk reductions reported from US
studies that were graded as good quality by AHRQ. When there were fewer than three studies
that met these criteria, we also included studies graded as moderate quality. For studies with a
simple before-after design, we calculated risk reductions. For studies using more sophisticated
controlled before-after or time series designs, we used the risk reductions estimated by the study
authors when available. For studies that examined risk reductions across multiple time periods,
we used the greatest risk reductions reported. We extracted data for risk reductions in BSI, VAP,
urinary tract infections (UTI) and surgical site infections (SSI)

Because the patient populations and interventions tested in the published studies of HAI
reduction varied from study to study, it was not appropriate to combine the risk reductions into a
single summary estimate. Thus, we used the highest and lowest infection reductions for each
HAI as reported by AHRQ to generate a range of possible risk reductions for each HAI. This
range was multiplied by the estimated number of infections as reported by the NNIS survey to
yield an estimated range of preventable infections for each HAI. In addition, this range was
multiplied by the estimated number of deaths as reported by the NNIS survey to yield an
estimated range of preventable deaths for each HAI. This estimate depends on the assumption
that the proportion of deaths which are preventable is the same as the proportion of infections
which are preventable.



Number of Annual Deaths

A comprehensive estimate of annual incidence of and mortality from HAIs was reported by
Klevens and colleagues of the Centers for Disease Control and Prevention (CDC) in 2007.(1)
(Table 1) This estimate was based on broad surveys of U.S. hospitals so the risk of uncertainty
from measuring an unrepresentative sample is low. However, the survey data is from 2002, so
changes in infection rates and mortality resulting from improved care practices implemented
between 2002 and today are not captured in these figures. If care has improved since that time,
the current number of infections and deaths will be lower than observed in 2002. That would
continue the trend observed since 1975-76, when the total number of HAIs estimated by the
CDC’s SENIC project was 2.15 million.(3) Infection-related deaths were not estimated in that
project.

The survey data show that BSI and VAP cause more than two-thirds of the deaths resulting from
HAISs, and that they are five times more deadly than the other infections. Thus, it may make
sense to target these two types of infections first for reduction measures.

Table 1. Hospital-acquired infections in 2002

Type of infection | Number of infections | Deaths from infections | % Fatal infections
(2002) (2002)
BSI 248,678 30,665 12.3%
VAP 250,205 35,967 14.4%
uTI 561,667 13,088 2.3%
SSi 290,485 8,205 2.8%
Other 386,090 11,062 2.9%
Total 1,737,125 98,987 57%

Data from Klevens (1)



Proportion of Deaths that are Preventable

We based our estimates of the preventability of infection-related deaths on the evidence tables of
the AHRQ EPC report.(2) An earlier review by Harbarth and colleagues(4), done in much less
detail, had similar findings.

Description of Studies Included in the AHRQ Report

The quality of the evidence base reviewed in the AHRQ report was poor. For example, half of
the BSI studies met none or one of the reviewers’ three internal validity standards. The AHRQ
report divided the before-after studies into “good”, “moderate”, and “poor” quality categories
(Table 2) but did not explain how the categories were defined. They did not grade the quality of
controlled and interrupted time series trials.

The AHRQ investigators reported that there was little consistency among patient groups studied
or among interventions tested. Therefore they could not perform any quantitative synthesis of
the data, and they did not attempt to make a summary estimate of the proportion of infections or
deaths that could be considered preventable.

The highest quality studies in the AHRQ report examined interventions to reduce BSI, VAP, UTI
and SSI. For prevention of other HAISs, the evidence bases were even weaker and any numeric
conclusions are even more speculative.

Table 2. Description of infection prevention studies examined in AHRQ report

_ Controlled | Time | Simple before-after studies
Infection type | N ial .
trials SEries | Good | Moderate | Poor
BSI 19 2 1 6 2 8
VAP 12 0 0 3 4 5
uTI 10 3 0 0 6 1
SSi 28 4 2 1 6 15

Not all studies in this table were used to calculate results, since they did not all report infection results.
Data from AHRQ EPC report (2)



Estimates of Preventable Deaths

Our estimates for the ranges of potential reductions in HAIs are found in the fifth column of
Table 3 and the resulting estimates of preventable infections and deaths are found in the seventh
and last columns of Table 3 respectively.

There is nothing novel about trying to estimate the number of infections that could be prevented
or lives that could be saved if hospitals followed best practices in infection control. The SENIC
project made such an estimate in 1975. They considered 30 to 35 percent of most HAIs
preventable with effective surveillance and control programs, and 22 percent of pneumonia cases
preventable. In a 1985 follow-up survey, they found that only a fraction of those infections were
actually being prevented, because many hospitals still had not implemented recommended
infection control measures.(5) This was still the case in the present decade.(6) Our estimated
ranges of potential reductions in HAIs is in line with the estimates in Kaye’s review.(7)

Table 3. Estimates of preventable infections and deaths
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BSI | 248,678 | 30,665 | 12.3% | 18%-82% | 44,762-203,916 | 44,762-203,916 | 5,520-25,145 | 5,520-25,145
VAP | 250,205 | 35,967 | 14.4% | 38%-71% | 72,559-155,127 | 95,078-177,646 | 10,430-22,300 | 13,667-25,537
UTl | 561,667 | 13,088 | 2.3% | 17%-69% | 174,117-466,184 | 95,483-387,550 | 4,057-10,863 | 2,225-9,031
SSI | 290,485 | 8,205 | 2.8% |26%-54% | 133,623-204,959 | 75,526-156,862 | 3,774-6,072 | 2,133-4,431

HAI-hospital-acquired infection
Ql-quality improvement
*-NNIS 2002 estimates
t-Range from US based QI studies of good or moderate quality in AHRQ report




Limitations

There is considerable uncertainty in our estimates of preventable HAI-related deaths.
Uncertainty stems from both the component numbers and the calculation itself. Here we discuss
sources of uncertainty.

Number of deaths caused by HAIs

While our estimate of the number of annual deaths caused by HAIs is based on a broad national
survey, that survey data is more than five years old. It does not reflect improvements in infection
control practice that hospitals have implemented since the time of the survey. The true number
of annual HAI deaths at present may be lower. The estimate of HAI-related deaths is also
uncertain because there is no definite way to attribute a death to HAIs. Patient deaths frequently
have multiple causes, and there exists a blurred line between a patient whose death was caused
by an HAI and a patient with an HAI whose death was due to another cause.

Proportion of HAls that are preventable

The key uncertainty in the estimate of preventable HAIs is the limited quality of the HAI
reduction studies. In particular, none of the studies are randomized, and few of the studies are
controlled, so the validity of the risk reductions reported are limited, and may be exaggerated.
For example, most of the studies are of a simple before-after study design, comparing outcomes
after the HAI intervention was implemented in a patient population with results from the same
population during a time period prior to the HAI intervention. This study design cannot control
for other changes in patient care that took place between the control period and the experimental
period, making it difficult to attribute the results reported in the study to the study intervention
rather than to random variation, patient selection, or other uncontrolled variables, like changes in
staffing structures or the implementation of other quality/safety initiatives.

In addition, some of the published studies date back a decade or more, so the infection control
practices used in them may have already been implemented at some hospitals, making large HAI
reductions less likely in today's hospitals. Another source of uncertainty is generalizing from the
results of specialized study populations like the ICU population to more general populations like
a general hospital ward.

Number of HAI-caused deaths that are preventable

The key uncertainty here is the fact that we are not estimating preventable deaths from studies
that have directly measured death as an outcome. Instead, we are extrapolating reductions in
death from the above estimates of reductions in HAIs, and these above estimates have their own
limitations. In addition, in multiplying the estimated fraction of HAIs that are preventable by the
estimated number of HAI-related deaths, we assume that the rate of preventable deaths is the
same as the rate of preventable infections. The true effect on deaths could be larger or smaller,
depending on the extent to which preventive measures affect the severity of HAIs and the extent
to which preventive measures work for the kinds of patients who are more susceptible to fatal
HAISs.



References

1. Klevens RM, Edwards JR, Richards CL Jr, Horan TC, Gaynes RP, Pollock DA, Cardo DM.
Estimating health care-associated infections and deaths in U.S. hospitals, 2002. Public
Health Rep. 2007 Mar-Apr;122(2):160-6. PMID: 17357358

. Ranji SR, Shetty K, Posley KA, Lewis R, Sundaram V, Galvin CM, Winston LG. Prevention
of Healthcare-Associated Infections. Vol 6 of: Shojania KG, McDonald KM, Wachter RM,
Owens DK, editors. Closing the Quality Gap: A Critical Analysis of Quality Improvement
Strategies. Technical Review 9 (Prepared by the Stanford University-UCSF Evidence-based
Practice Center under Contract No. 290-02-0017). AHRQ Publication No. 04(07)-0051-6.
Rockville, MD: Agency for Healthcare Research and Quality. January 2007

. Haley RW, Culver DH, White JW, Morgan WM, Emori TG. The nationwide nosocomial

infection rate. A new need for vital statistics. Am J Epidemiol. 1985 Feb;121(2):159-67.
PMID: 4014113

4. Harbarth S, Sax H, Gastmeier P. The preventable proportion of nosocomial infections: an
overview of published reports. J Hosp Infect. 2003 Aug;54(4):258-66. PMID: 12919755

5. Haley RW, Culver DH, White JW, Morgan WM, Emori TG, Munn VP, Hooton TM. The
efficacy of infection surveillance and control programs in preventing nosocomial infections
in US hospitals. Am J Epidemiol. 1985 Feb;121(2):182-205. PMID: 4014115

6. Braun BI, Kritchevsky SB, Wong ES, Solomon SL, Steele L, Richards CL, Simmons BP;
Evaluation of Processes and Indicators in Infection Control Study Group. Preventing central
venous catheter-associated primary bloodstream infections: characteristics of practices
among hospitals participating in the Evaluation of Processes and Indicators in Infection

Control (EPIC) study. Infect Control Hosp Epidemiol. 2003 Dec;24(12):926-35. PMID:
14700408

7. Kaye KS, Engemann JJ, Fulmer EM, Clark CC, Noga EM, Sexton DJ. Favorable impact of
an infection control network on nosocomial infection rates in community hospitals. Infect
Control Hosp Epidemiol. 2006 Mar;27(3):228-32. PMID: 16532408

N

w



Evidence Tables

Table 4. BSI prevention studies reviewed by AHRQ suggest an 18 to 82% reduction in BSIs depending on the
intervention and population examined

Author, Year | Study Design Setting Intervention Comparison .RISk befc_;re . Risk aftgr RISk.
intervention intervention Reduction
Preventive: Hand hygiene; maximum sterile barrier; insertion site selection;
Provonost, | Interrupted time |  ICU patients | chlorhexidine disinfection; removal of unnecessary catheters Previous 7.7 per 1,000 1.4 per 1,000 820¢
2006 series (United States) | QI: Clinician education, audit and feedback, care catheter days catheter days ?
clinician reminder, organizational change
. . Preventive: Hand hygiene .
Higuera, Before-after ICU patients I- Clinician ed 'yg dit and feedback Previous 46.3 per 1,000 19.5 per 1,000 58%
2005 study (Mexico) Ql: inician € ucation, audit and feedback, care catheter days catheter days
organizational change
Intervention: Intervention Intervention
Controlled _ Preventive: Hand hygiene; maximum sterile barrier; insertion site selection; _ 11.3 per 1,000 0 per 1,000 100%
Berenholtz, before-after ICU patients | chlorhexidine disinfection; removal of unnecessary catheters Previous catheter days catheter days
2004 study (United States) Q!: Clinician education, audit and feedback care Control Control
Control: Clinician education onl 5.7 per 1,000 1.6 per 1,000 82%
e Y catheter days catheter days
Coopersmith, | Before-after ICU patients | Preventive: Hand hygiene; maximum sterile barrier; insertion site selection Previous 3.4 per 1,000 2.8 per 1,000 18%
2004 study (United States) | QI: Clinician education care catheter days catheter days
Warren, Before-after ICU patients | Preventive: Hand hygiene; maximum sterile barrier; insertion site selection Previous 9.4 per 1,000 5.5 per 1,000 42%
2004 study (United States) | QI: Clinician education, audit and feedback care catheter days catheter days
Warren, Before-after ICU patients Preventive: Maximum sterile barrier; insertion site selection Previous 4.9 per 1,000 2.1 per 1,000 570¢
2003 study (United States) | QI: Clinician education, audit and feedback care catheter days catheter days °
Coopersmith, | Before-after ICU patients | Preventive: Hand hygiene Previous 10.8 per 1,000 3.7 per 1,000 660
2002 study (United States) | QI: Clinician education, audit and feedback care catheter days catheter days ?
Intervention: Intervention (MICU) Intervention
_ Controlled _ Preventive: Hand hygiene; maximum sterile barrier; _ 11.3 per 1,000 3.8 per 1,000 67%
Eggimann, before-after ICU patients | chlorhexidine disinfection; removal of unnecessary catheters Previous catheter days catheter days
2000 study (Switzerland) QI: Clinician education care Control (SICU) Control _13%
. " 10.3 per 1,000 11.6 per 1,000 )
Control: No additional measures (increase)
— catheter days catheter days
Sherertz, Before-after ICU patients | Preventive: Hand hygiene; maximum sterile barrier Previous 4.51 per 1,000 2.92 per 1,000 350¢
2000 study (United States) | QI: Clinician education care catheter days catheter days °




Table 5. VAP prevention studies reviewed by AHRQ suggest a 38 to 71% reduction in VAPs depending on the

intervention and population examined

Author,'Year Study Design Setting Intervention Comparison .R'5k befgre . Risk aftgr Risk reduction
Quality intervention intervention
Good quality
. Preventive: Hand hygiene; HOB>30°;
Babcock, 2004 | Before-after study IC.U patients daily interruption of sedation Previous care 8'75. per 1,000 4'74. per 1,000 46%
(United States) g ; ventilator days ventilator days
QI: Clinician education
i ICU patients | Preventive: HOB>30° . 12.6 per 1,000 12.6 per 1,000 0
Zack, 2002 Before-after study (United States) | QI: Clinician education Previous care ventilator days ventilator days 55%
Moderate quality
i ICU patients | Preventive: Hand hygiene . 51.3 per 1,000 35.5 per 1,000 0
Rosenthall, 2006 | Before-after study (Argentina) | QI: Clinician education, audit & feedback Previous care ventilator days ventilator days 31%
. i ICU patients | Preventive: Hand hygiene, HOB>30° . 13.2 per 1,000 6.5 per 1,000 0
Salahuddin, 2004 | Before-after study (Pakistan) QI: Clinician education, audit & feedback Previous care ventilator days ventilator days 51%
SICU: 45.1 per 1,000 | SICU: 27.9 per 1,000 38%
: ICU patients | Preventive: HOB>30° . ventilator days ventilator days
Lai, 2003 Before-after study . AT . . Previous care
(United States) | QI: Clinician education, audit & feedback MICU: 22.4 per 1,000 | MICU: 11.6 per 1,000 .
ventilator days ventilator days 48%
Kelleghan, 1993 | Before-after study Not reported | Preventive: Hand hygiene, HOB>30 Previous care 17 per 1,000 5 per 1,000 71%

(United States)

QI: Clinician education, audit & feedback

ventilator days

ventilator days




Table 6. UTI prevention studies reviewed by AHRQ suggest a 17 to 69% reduction in UTIs depending on the intervention
and population examined

Author, Year | Study Design Setting Intervention Comparison .R'Sk bef(_)re . Risk aftfar Risk reduction
intervention intervention
Good quality
Huang, _ ICU patients | Preventive: Removal of unnecessary urinary catheters , 11.5 per 1,000 8.3 per 1,000 0
2004 Before-after study (Taiwan) Q!: Clinician reminder Previous care catheter days catheter days 29%
Greco, Before-after sudy | 'CY patients | Preventive: Aseptic insertion and catheter care Previous care 12.9 per 100 11.9 per 100 80
1991 y (Italy) Q!: Audit and feedback, clinician education, clinician reminder catheters catheters 0
Moderate quality
. Preventive: Reduction in placement of catheters,
Topal Before-after study Wa_rd patients | romoval of unnecessary catheters Previous care 36 per 1,000 11 per 1,000 69%
2005 (United States) . ) L . . catheter days catheter days
QI: Clinician education, clinician reminder, organizational change
Rosenthal ICU patients | Preventive: Hand hygiene, aseptic catheter care . 21.3 per 1,000 12.4 per 1,000
' | Before-after stud . . L . Previous care y y 42%
2004 Y| (Argentina) QI: Audit and feedback, clinician education catheter days catheter days °
SICU: 10.3 per 1,000 | 8.6 per 1,000 17%
catheter days catheter days °
Dumigan ICU patients Preventive: Aseptic insertion and catheter care, MICU: 15.8 per 1,000 | 11.2 per 1,000
' - ) removal of unnecessary catheters i L ' ’ ' 0
1998 Before-ater study (United States) R . Y o Previous care catheter days catheter days 29%
QI: Clinician education, organizational change
CICU: 15.1 per 1,000 | 8.3 per 1,000 45%
catheter days catheter days
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Table 7. SSI prevention studies reviewed by AHRQ suggest a 26 to 54% reduction in SSIs depending on the intervention
and population examined

Author, . . . . Risk before Risk after Risk
Study Design Setting Intervention Comparison | . - . : .
Year intervention | intervention [ reduction
Good quality
Van Kasteren, | Interrupted time | Not reported | Preventive: Appropriate use of perioperative antibiotics Previous 5.4% 4.6% 15%
2005 series (Netherlands) |QI: Audit and feedback, clinician education, clinician reminder care ' '
. Preventive: Hand hygiene, appropriate use of perioperative antibiotics, decreasing use of .
Gastmeier, | ~ - olied study ICU preoperative shaving, improving perioperative glucose control Previous 2.2% 1.6% 26%
2002 (Germany) ) L . care
Ql: Audit and feedback, clinician education
Weinberg, Interrupted time | Not reported | Preventive: Appropriate use of perioperative antibiotics Previous | Hospital A: 10.5% 0% 100%
2001 series (Columbia) | QI: Audit and feedback, organizational change care Hospital B: 6.1% 4.4% 28%
Greco, Before-after Icu SP;gxi(;ntive: Appropriate use of perioperative antibiotics, decreasing use of preoperative Previous 0 i 0
1991 study (Italy) g care 7.8% 6.2% 21%
Ql: Audit and feedback, clinician education, clinician reminder
Moderate quality
) Not reported | Preventive: Appropriate use of perioperative antibiotics, decreasing use of preoperative .
Dezll(l)rg)%er, Bef;)trj(-jafter (United | shaving, improving perioperative glucose control Pr(e);:gus 2.3% 1.7% 26%
y States) QI: Audit and feedback, clinician education, clinician reminder
Operating | Preventive: Hand hygiene, appropriate use of perioperative antibiotics, decreasing use of .
Borer, Before-after room preoperative shaving, improving perioperative glucose control Previous 4.2% 0% 100%
2004 study - ; care
(Israel) | QI: Clinician education
Lutarewych Before-after Not reported Preventive: Improving perioperative glucose control Previous
' (United . L . ) ) 7.58% 3.47% 54%
2004 study States) QI: Audit and feedback, clinician education, patient education care
Not reported | Preventive: Appropriate use of perioperative antibiotics, decreasing use of preoperative .
Rao, Before-after (United | shaving, improving perioperative glucose control Previous 2.1% 1.5% 29%
2004 study ey : L ) care
States) QI: Clinician education, clinician reminder
Won, Before-after Not reported | Preventive: Hand hygiene Previous 0.33 per 1000 | 0.84 per 1000| -154%
2004 study (Taiwan) | QI: Clinician education, audit and feedback care patientdays | patientdays | (increase)
Operating
Larsen, Before-after room Preventive: Appropriate use of perioperative antibiotics Previous
. ) o . 1.1% 0.7% 36%
1989 study (United Ql: Audit and feedback, clinician reminder care
States)
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