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Healthcare Quality Reporting Program

HOSPITAL-ACQUIRED INFECTIONS AND PREVENTION ADVISORY SUBCOMMITTEE

8:00-9:00am, April 25, 2011

Department of Health, Room 401

Goals/Objectives

= To discuss HAIl work to date and make policy recommendations for pending and upcoming reports

Nicole Alexander, MD G
Rosa Baier, MPH T
Utpala Bandy, MD T
Margaret Cornell, MS, RN T
Marlene Fishman, MPH,CIC T
Jongwen Jiang T

G

Julie Jefferson, RN, MPH, CIC

O-4—4-40-4

Members

Maureen Marsella, RN, BS

Linda McDonald, RN

Leonard Mermel, DO, ScM

Pat Mastors

Robin Neale, MT (ASCP), SM,CIC
Kathleen O’Connell, RN

Lee Ann Quinn, RN, BS, CIC

4440

Janet Robinson, RN, Med, CIC
Melinda Thomas

Dawn Trudeau, RN (rep)
Georgette Uttley, MEd, BSN, RN
Nancy Vallande, MSM, MT, CIC
Cindy Vanner

Samara Viner-Brown, MS

Time

Topic/Notes

8:00am Welcome & Administrative Updates
Leonard Mermel, DO, ScM

Len opened the meeting and reviewed today’s objectives, which included voting on
recommendations to the Steering Committee regarding ICU vs. hospital data displays
for CLABSI and MRSA CLABSI.

Rosa reviewed the previous meeting’s action items:

Add C. difficile calculation to the measure sheet (Julie/ICP SNE group) — Pending
Julie is finalizing the measure sheet.
Incorporate feedback into the report templates (Rachel/Rosa) — Complete

Rachel incorporated the group’s edits into the reports. Finalizing the report
templates is dependent on today’s SIR discussion (ICU or facility-level data for
MRSA CLABSI), but the reports will be ready for MRSA CLABSI data ahead of the
May deadline for Q2 2011 submission.

Follow-up re: conferred rights for MRSA CLABSI (Maureen) — Pending

Maureen’s follow-up is ongoing and dependent on information from the CDC,
but she believes she will be able to access MRSA CLABSI (once data are entered)
by the end of this year using conferred rights. This may be preferable to a data
use agreement between the hospitals and HEALTH, since the DUA includes some
restrictions that could affect reporting.
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8:05am

Nancy suggested that the Subcommittee use the ICP SNE group’s grid (created by
Julie and Liz) to document agreed-upon decisions regarding NHSN, conferring
rights, etc.

Discuss SIR methodology at the April meeting (Rosa) — Complete
Rachel and Rosa are presenting on SIRs today.
Share the Birnbaum article with the group (Len/Rosa) — Complete

Rosa shared the article from Len with the previous meeting’s minutes.

Standardized Incidence Ratios (SIRs)
Rachel Voss, MPH
Rosa Baier, MPH

- Rachel and Rosa presented on the SIR methodology (see handout), focusing on:

Purpose

SIRs standardize incidence relative to 1.0, controlling for patient risk and allowing
easy comparison between ICUs or hospitals. This is helpful because raw incidence
rates may not allow direct comparison between locations with different risks and
because incidence may not be easily interpreted by a lay audience.

Calculation

SIRs use benchmarks to determine the number of “expected” cases in a
particular location, like an ICU, if that location had the same rate of cases per
patient-days as the benchmark:

Expected cases = (benchmark rate x number of patient-days)
The SIR formula is:
SIR = (observed cases/expected cases)

To account for variability, the diamonds are based on both SIR and 90%
confidence intervals (Cls). To be classified as “better” (4 @ ) or “worse” (@)
than expected, the SIR’s Cl must not overlap 1.0. This means that the public
reports use a very conservative method for flagging providers as better or worse;
most facilities will be considered “about the same” as expected (¢ @).

Use at ICU- and facility-level

SIRs are scalable and can be calculated for like units (e.g., ICUs of the same type)
or facilities. Previously, the Subcommittee used them at the ICU level for CLABSI
reporting. Today’s discussion focused on CLABSI, MRSA CLABSI, and C. difficile
reporting recommendations.

- Discussion focused on whether to use SIRs to calculate diamonds by ICU or by facility
(i.e., all ICUs aggregated into one score) and whether to calculate four-quarter rolling
averages or continue to use single quarters. Quarterly reports may be more useful
for internal Ql and allow facilities to see changes more quickly. Rolling averages
could provide more stable (less variability) results and, per Stefan, account for
seasonal variation, but the use of 90% confidence intervals (Cls) adjusts for variability
and rolling averages may be more difficult to data-check.

Gina also inquired about the use of 90% vs. 95% Cls. Although 95% Cls are more

conservative (resulting in more two-diamond scores), when calculating the first
CLABSI report, the analysts tried both methods and the diamond assignments did not
change.
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8:45am

8:55am

Votes: The Subcommittee voted to:

Continue to report CLABSI as-is (i.e., by ICU, rather than by facility or as rolling
averages) (Yes — 12, No — 0, Abstain — 3).

Report both MRSA and MRSA CLABSI by ICU (By ICU — 7; by facility — 0; by facility
with link to Methods — 6; abstain — 3).

Some meeting participants indicated that they voted to report by ICUs because
they were unaware what reporting by facility would look like on the public
reports. Marlene suggested reviewing mock reports (with dummy data), so
Rachel and Rosa will create mock-ups for Subcommittee members to vote on via
email prior to the next meeting. MRSA CLABSI data are due before the 5/23
meeting, so if the group has voted in the interim, the analysts should be able to
populate the preview reports for that meeting.

Data Submission for CLABSI, MRSA CLABSI, C. difficile

Rachel Voss, MPH
Rosa Baier, MPH

Rosa quickly reviewed the current data submission mechanisms:

Topic Submitted to:

CLABSI - Adult ICUs

ICU Collaborative

CLABSI - PICU and NICU

Ria Mehta (email)

MRSA CLABSI

NHSN (planned, but proxy rights not conferred)

C. difficile

NHSN (planned, but NSHN not ready for submission)

— Data submission:

Since NHSN is not yet ready for MRSA CLABSI or C. difficile data submission, Rosa
asked the group to review a draft “survey” to collect data on a quarterly basis.
Hospitals would be able to use the same link every quarter for all three topics
(CLABSI, MRSA CLABSI, and C. difficile).

— Reminders:

e MRSA CLABSI-Q1 2011 data due 5/12
e (. difficile — Q2 2011 pilot ongoing

Action Items & Next Steps
Rosa Baier, MPH

Action items:

Verify the use of 90% vs. 95% Cls (Rachel/Blake)

Create mock-up data reports by ICU and facility (Rosa/Rachel)

Vote on mock-up data reports (Voting Members)

Provide Rosa with feedback on the data submission template by 5/4 (All)

Next meeting: 5/23/11
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Standardized Incidence Ratios (SIRs)

Rachel Voss, MPH
Rosa Baier, MPH

HAI Subcommittee, 4/25



Discussion Topics

Questions:
* How do we calculate incidence?
e How do SIRs help understand incidence?

e How do you compare incidence across facilities?
— [CU-level or facility-level?
— What is valid using SIRs?
— What is useful for consumers?

e |f we report at the facility-level, how are ICU data
aggregated to one score, then diamonds?



Incidence

 The number of new (hospital-acquired) cases of
an infection within a certain population over a
certain period of time

Incidence = cases + line days x 1,000

e Example:
CLABSI infections in Med/Surg ICUs
ICU Cases Line Days Rate
Med/Surg ICU A 3 627 4.78

e Useful to evaluate prevention efforts



SIRs

e Often rare occurrences (few cases), with rates
that vary based on casemix

* Need to compare rates from a subgroup to the
entire population

— Similar risk (conditions, severity, LOS, etc.)

e Example:
ICU Cases Line-Days Rate
Med/Surg ICU A 3 627 4.78
Med/Surg ICU B 5 894 5.59




SIRs, Cont’d

Scalable metric: Can
validly measure HAI
experience over different
aggregation levels:

— Single location

— Multiple locations that
comprise a larger entity

e |CU, facility, or state

Source: Laura McAllister, CDC, 3/3/11



ICU-Level SIRs

e Even among units of the same type, raw
incidence rates may not be meaningful

— Differences in unit size and LOS (risk)

e Example:
Q: Is ICU A outperforming ICU B?
ICU Cases Line-Days Rate
Med/Surg ICU A 3 627 4.78
Med/Surg ICU B 5 894 5.59




ICU-Level SIRs, Cont’d

e SIRs allow easy comparison of like ICUs
— Adjusts for unit differences (risk)
— SIR = (observed cases + expected cases)

— Expected cases can be derived from state or national
rates, as long they are the same overall population

e Example:
Line- NHSN Expected
ICU Cases | Days Rate Rate Cases SIR
Med/Surg ICU A 3 627 4.78 5 00 1.254 2.39
Med/Surg ICU B 5 894 5.59 1.788 2.80

“CLABSI incidence in ICU A is 139% higher than expected; ICU
B is 180% higher.”



ICU-Level Confidence Intervals (Cls)

e Example:
ICU SIR 90% CI
Med/Surg ICU A 2.39 0.65-6.2
Med/Surg ICU B 2.80 1.1-5.9

e Q: Are these SIRs meaningfully different?
>1.0 = Worse than expected
=1.0 = Same as expected
<1.0 = Better than expected

 A:ICU A is the same as expected; ICU B is worse.



ICU-Level Diamonds

e Example:
ICU SIR 90% CI
Med/Surg ICU A 2.39 0.65-6.2
Med/Surg ICU B 2.80 1.1-5.9

“The confidence interval for the CLABSI SIR in ICU A
includes 1.0 and is about the same as expected; in ICU
B, it does not include 1.0, so it is worse than expected.”

VS.
ICU SIR 90% CI Diamonds
Med/Surg ICU A 2.39 0.65—6.2 L X
Med/Surg ICU B 2.80 1.1-5.9 2

* Helps consumers interpret data (cognitive

science)




Facility-Level SIRs

e Summarize data across locations

— SIR = (sum observed cases + sum expected cases)

e Example:

Hospital A Cases | Line-Days NHSN Expected Overall SIR
Med/Surg ICU 3 627 2.00 1.254

Coronary ICU 0 82 2.10 0.1722 2.10
Total 3 - - 1.4262

Hospital B Cases | Line-Days NHSN Expected Overall SIR
Med/Surg ICU 5 894 2.00 1.788

Step-down 0 227 2.40 5.448

Surg CardioTx 1 425 1.40 0.595 0.77
Total 6 - - 7.831




Facility-Level SIRs, Cont’d

e Valid because uses appropriate rates for each
location type to calculate expected cases™

— Calculate SIR for each unit before “rolling up”
— Describes overall experience of a given entity
— Accounts for differences in HAI risk among units

o Useful to evaluate overall facility performance
(internal Ql)

e Consumer friendly

*Source: Laura McAllister, CDC, 3/3/11



Facility-Level Cls

e Calculated in same way as individual ICUs

e Example:
Total Cases | Overall SIR Cl Diamonds
Hospital A 3 2.10 0.57—-5.42 L £
Hospital B 6 0.77 0.33-1.52 L £ 2

Shows consumers that Hospitals A’s and B’s
CLABSI rates are not meaningfully different
from what’s expected, despite differences in
the incidence rates and SIRs.




Additional Information

e NHSN issue brief:

https://www.gha.org/pha/Provider/tips/Provi
derRes/NHSNStandardizedInfectionRatio1116
10.pdf



https://www.gha.org/pha/Provider/tips/ProviderRes/NHSNStandardizedInfectionRatio111610.pdf�
https://www.gha.org/pha/Provider/tips/ProviderRes/NHSNStandardizedInfectionRatio111610.pdf�
https://www.gha.org/pha/Provider/tips/ProviderRes/NHSNStandardizedInfectionRatio111610.pdf�
https://www.gha.org/pha/Provider/tips/ProviderRes/NHSNStandardizedInfectionRatio111610.pdf�

Department of Health - CLABSI MRSA Data Submission

Welcome

This is the hospital data submission form for the Department of Health's mandate to publicly report MRSA CLABSI data. Data are due 6 weeks
after each quarter, beginning with Q1 2011 (due 5/15/11). Please reuse this same link and form to submit your data every quarter.

Please note: Data submitted after the deadline will be incorporated into the public report, but not the preview report shared in advance with
each hospital. If you submit data more than once for the same quarter, we will use the data submitted most recently.

With questions, please contact Ria Mehta, data analyst for the Healthcare Quality Reporting Program.

Demographics

* Please provide the following information:

Name:

Title:

Preferred email:

|
| |
Hospital: | |
| |
| |

Preferred phone:

What quarter of data are you submitting?

* Does your facility have adult ICUs?

O ves

Adult ICUs and PICU

Adult Step-Down Units (Post-Critical Care)

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |

Coronary Critical Care Units (CCUSs)

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |

Medical Intensive Care Units (MICUs)

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |
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Department of Health - CLABSI MRSA Data Submission

Medical/Surgical Critical Care Units (ICUs) at Major Teaching Hospitals

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |

Medical/Surgical Critical Care Units (ICUs) at All Other (Non-Teaching) Hospitals

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |

Neurosurgical Intensive Care Units (INCs)

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |

Respiratory Intermediate Care Units (RICUSs)

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |

Respiratory Intermediate Care Units (RICUSs)

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |

Surgical Intensive Care Units (SICUSs)

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |

Surgical Cardiothoracic Critical Care Units

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |

Trauma Intensive Care Units (TICUSs)

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |

* Does your hospital have a PICU or NICU?

O Yes




Department of Health - CLABSI MRSA Data Submission

PICU and NICU

The following data fields are limited to Rhode Island Hospital (PICU) and Women & Infants' Hospital (NICU). If an ICU does not apply to your
facility, please skip that data field.

Pediatric Medical/Surgical Intensive Care Units (PICUSs)

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |

Level Il Neonatal Intensive Care Units (NICU): <750 grams

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |

Level 1l NICU: 751-1,000 grams

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |

Level Il NICU: 1,001-1,500 grams

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |

Level Il NICU: >2,500 grams

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |

Level Ill NICU: >2,500 grams

Numerator: | |

Denominator: | |

Indicate n/a if not applicable: | |

Thank You

Please provide any comments.
5

S

Thank you. If you would like confirmation of your data submission, please print this screen and retain a copy for your files.

If you have any questions about MRSA CLABSI reporting, please contact Ria Mehta, data analyst for the Healthcare Quality Reporting
Program.
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154 New York State Department of Health: Mandatory Reporting of Clostridium difficile via National Healthcare Safety Network LabID Event — Survey to Determine Testing Methods and
Policies

|

Saturday, April 2, 2011
Trinity Ballroom (Hilton Anatole)

Kathleen A. Gase , New York State Department of Health, Albany, NY
KuangNan Xiong , New York State Department of Health, Albany, NY
Johanna B. Lee , New York State Department of Health, Albany, NY
Valerie Haley , New York State Department of Health, Albany, NY

Boldt Tserenpuntsag , New York State Department of Health, Albany, NY
Diana Doughty , New York State Department of Health, Albany, NY
Peggy Hazamy , New York State Department of Health, Albany, NY
Rachel L. Stricof , New York State Department of Health, Albany, NY
Marie Tsivitis , New York State Department of Health, Albany, NY

Victor Tucci, New York State Department of Health, Albany, NY

Carole Van Antwerpen , New York State Department of Health, Albany, NY

Background:

In 2009, the Center for Disease Control (CDC) introduced a module in the National Healthcare Safety Network (NHSN) allowing reporting of Clostridium difficile (C. diff). Beginning July 1,
2009, New York State (NYS) began using the LablD Event reporting function to report facility-wide C. diffat all NYS hospitals as part of the mandatory public reporting law. Data collected in
2009 will be used as pilot data and will not be reported to the public.

Objective:
Collect baseline data regarding laboratory testing policies and testing methods used by NYS facilities to diagnose C. diiff.
Methods:

In May 2010, an on-line Survey Monkey tool was developed and sent to 179 NYS facilities reporting C. diiffLabID Events to assess testing policies and methods. All surveys were completed
within one month.

Results:

179 (100%) hospitals responded to the survey. See Table 1 for results.

Table 1: Summary of C. diff Hospital Survey

Count Percent
Is C. diff testing outsourced to a laboratory?
Yes| 35 19.6
NO| 144 80.4
Does the lab routinely perform tests on formed stool
Ispecimens?
Yes| 46 25.7
NO| 132 73.7
No answer| 1 0.6
Does the lab have a rejection policy for duplicate stool
lspecimens?
Yes| 106 59.2
Noj 68 38.0
No answer| 5 2.8

\What is the primary test method the lab uses to detect C. diff?]

Toxin A and B antibody (ELISA or EIA)| 146 81.6
PCR] 19 10.6
Glutamate dehydrogenase (GDH) or common antigen| 5 2.8
Toxin A antibody only (ELISA or EIA)| 3 1.7
Cytotoxin (CTX) assay (Toxin B)| 2 1.1
Anaerobic microbiology culture] 0 0.0
No answer| 4 2.2
Is confirmatory test performed for equivocal test results?
Yes| 93 52.0
Noj 78 43.6
No answer| 8 4.4

If not currently using a PCR test method, is there
consideration for use? (160 facilities)

http://shea.confex.com/shea/2011/schedule/index.cgi?password=lenny&EmailAddress=Im... 3/31/2011



SHEA 2011

NoO 103 64.4

Yes, start date identified| 7 4.4
Yes, start date unknown| 41 25.6
No answer| 9 5.6

Conclusions:

Page 2 of 2

The vast majority (80%) of NYS facilities perform their own C. difftests; the most common testing method (82%) is Toxin A and B antibody (ELISA or EIA). Only 19 (11%) facilities are using
PCR technology as their primary testing method; an additional 7 (4%) facilities will begin using PCR, and 41 facilities are considering its use.

Despite evidence against testing formed stool or duplicate specimensl, many laboratories do not have policies rejecting these specimens (26% and 38%, respectively).

NYS will continue to survey facilities on a yearly basis to monitor changes in testing methods and policies. It will be important to monitor these factors and their association with infection

rates.

lGerding DN, Johnson S, Peterson LR, Mulligan ME, Silva J Jr. Clostridium difficile-associated diarrhea and colitis. /nfect Control Hosp Epidemiol. 1995;16(8):459-477.

See more of: Clostridium difficile
See more of: Abstracts

Back to top of this page
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305 Interobserver Variability in Bloodstream Infection Determinations Using National Healthcare Safety Network Definitions

SHEA 2011 ANNUAL SCIENTIFIC MEETING

cmmmm——————=—=-APRIL 1-4 DALLAS, TEXAS

Innovative research and best practices: driving better outcomes through the science of healthcare epidemiology

|

Saturday, April 2, 2011: 2:45 PM
Cortez Ballroom (Hilton Anatole)

Paul Malpiedi, MPH , Centers for Disease Control and Prevention, Atlanta, GA

Bala Hota, MD, MPH , Stroger Hospital of Cook County/Rush University Medical Center, Chicago, IL

Shelley Magill, MD, PhD , Centers for Disease Control and Prevention, Atlanta, GA
William Trick, MD , John H. Stroger, Jr. Hospital of Cook County, Chicago, IL
Teresa Horan, MPH, CIC , Centers for Disease Control and Prevention, Atlanta, GA
Rosie Lyles, MD, MS , John H. Stroger, Jr. Hospital of Cook County, Chicago, IL

John Martin, MPH , Premier, Inc., Philadelphia, PA
Chris Craver, MA , Premier, Inc., Charlotte, NC

Scott K. Fridkin, MD , Centers for Disease Control and Prevention, Atlanta, GA

Background: CDC's National Healthcare Safety Network (NHSN) provides standard surveillance definitions for healthcare-associated bloodstream infections (BSI). Variations in interpretation
and understanding of definition criteria can reduce interobserver agreement and the accuracy of inter-facility comparisons.

Objective: To determine the agreement between 2 experienced infection preventionists (IPs) reviewing medical records of patients with positive blood cultures to identify NHSN-defined BSI.

Methods: NHSN hospitals using Premier Inc.’s SafetySurveiIIorTM software system were recruited to participate. All blood culture results from 1/2008-6/2009 were extracted from the
Sr;\fetySurveiIIorTM data warehouse. A positive blood culture episode eligible for IP review was defined as a patient's first positive blood culture in a 30 day period obtained > 2 days after
admission, excluding single positive cultures for common skin contaminants. Two experienced IPs trained in use of NHSN definitions reviewed medical records of a random sample of patients
with eligible positive blood culture episodes and independently categorized episodes into 1 of 5 groups: contaminant, community-onset (CO) BSI, primary non-central line associated BSI,
central line-associated BSI (CLABSI), or healthcare-associated infection with secondary BSI. We calculated descriptive statistics, compared proportions of IP determination categories using
McNemar's test, and assessed interobserver agreement using the kappa (k) statistic.

Results: 14 hospitals participated, yielding a total of 5,929 positive blood culture episodes eligible for sampling. 1,140 (19%) episodes were sampled. Of these, 1,009 (89%) were
categorized by both reviewers. Overall agreement was 64% (k 0.35, 95% CI1 0.30, 0.39). Although IPs categorized similar proportions of episodes as CLABSI (—~9%), the proportion
categorized as contaminants or CO BSI differed between IPs (Table). Agreement was fair to moderate in each category. One or both IPs categorized 155 episodes as CLABSI; 127 (82%) of
these episodes had a discrepancy in IP categorization, where one reviewer categorized the episode as secondary BSI (71, 56%), CO BSI (33, 26%), or contaminant (21, 17%).

|associated BS|

Category Reviewer 1 Determinations |Reviewer 2 Determinations| p-value Kappa
(N, 26) (N, %)
Secondary BSI 657 (65.1) 640 (63.4) 0.31 0.39
Community-onset BSI 225 (22.3) 143 (14.2) 0.01 0.41
CLABSI 90 (8.9) 93 (9.2) 0.79 0.23
IContaminant 22 (2.2) 112 (11.1) 0.01 0.21
Primary non-central line 15 (1.5) 21 (2.0) 0.25 0.21

Conclusions: We found evidence of limited agreement between experienced IPs in applying the NHSN BSI definition. Continued efforts to understand reasons for limited agreement are
needed. One potential solution is to apply algorithms that only use objective criteria, which could dramatically improve agreement.

http://shea.confex.com/shea/2011/schedule/index.cgi?password=lenny&EmailAddress=Im...

See more of: Advances in Surveillance of HAls
See more of: Abstracts

Back to top of this page
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360 Does Hospital Infection Reporting Affect Actual Infection Rates, Reported Rates, or Both?: A Case Study of Pennsylvania

|

Sunday, April 3, 2011: 9:15 AM
Chantilly Ballroom (Hilton Anatole)

Hyun K. Kim, Ph.D, candidate , University of Texas at Austin, Department of Economics, Austin, TX
Bernard S. Black, JD , Northwestern University, Law School and Kellogg School of Management, Chicago, IL

Background: Health-care associated infections (HAIs) kill about 100,000 people annually; many are preventable. In response to this epidemic, 15 states require hospitals to publicly report
their infection rates and national reporting of central-line associated bloodstream infection (CLABSI) is planned. Yet the effect of public reporting on hospital behavior, and thus on infection
rates is unknown.

Objective: We examine two broad questions. The first involves reputation markets and whether public reporting of quality measures leads to higher quality. The second involves the
incentives of those subject to public reporting to game the reporting rules.

Methods: Our key innovation is to study both the directly reported CLABSI rate, available on the Pennsylvania Health Care Cost Containment Council (PHC4) website for 2005-2007, and a
related proxy infection rate, derived from hospital inpatient "billing" records for 1998-2008 (“inpatient CLABSI rates"), which is not publicly reported, and hence not directly subject to gaming
incentives. Two sources of inpatient data are 1) Pennsylvania Inpatient Data and 2) Nationwide Inpatient Sample for ten non-reporting states (“control states"). Using inpatient CLABSI rates
in both Pennsylvania and control states, we conduct difference-in-differences (DiD) analysis to identify the impact of public reporting. By comparing inpatient rates to publicly reported rates,
we assess whether hospitals appear to be gaming the public rates.

Results: We find evidence for both effects. First, public reporting appears to affect actual infection rates. Inpatient CLABSI rates show similar trends in Pennsylvania and control states
during the pre-reporting period of 1998-2004. Pennsylvania diverges from the control states during the reporting period of 2004-2008; with inpatient rates dropping on average by 21% in
Pennsylvania, versus negligible change in the control states. This estimate is reliable because hospitals do not publicly report inpatient rates and thus have no incentive to manipulate them.
Hospitals with high publicly reported rates in 2005 (> 0.40/1,000 discharges) experience drops by 2007; the higher the initial rate, the larger the decline. Hospitals with lower 2005 rates do
not. Second, public reporting appears to induce at least some gaming. Publicly reported infection rates drop by 40% over 2005-2007, far faster than inpatient rates; the correlation between
the two rates drops over this period, and the correlation between inpatient rate changes and public reporting changes is surprising low.

Conclusions: Public reporting appears to cause the relative decline in Pennsylvania CLABSI rates. However, evidence of gaming confirms the value of measuring the impact of public
reporting on quality using non-public measures (such as our inpatient rate), and offers reasons to be skeptical about studies that rely solely on reported measures.

See more of: Featured Abstracts of SHEA 2011

See more of: Plenary Sessions

Back to top of this page
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From: Zimmerman, Kim (CDC/OID/NCEZID) [kxz3@cdc.gov]
Sent: Friday, April 15, 2011 12:59 PM
To: Aarikha D’Souza; Al Demaria; Alessandra Litro; Sites, Ann (CDC maine.gov); Beth

Daly; Betty Wood; Carol Wood-Koob; Donna Dunton; Eileen McHale; Giovanna
Santovito-Carducci; Jay Kvam; Jessica Rigler; Jon Rosenberg; Kara Stanley;
Katrina Hansen; Zimmerman, Kim (CDC/OID/NCEZID); Laura Erhart; Leticia
Metherell; Lynn Janssen; Matthew Thomas; Marsella, Maureen; Melinda
Thomas; Patsy Tassler-Kelso; Peg Shore; Richard Melchreit; Rike Weiss; Baier,
Rosa; Samara Viner-Brown; Shoana Anderson; Steffany Cavallo; Stephen
Sears; Sue Chen; Teresa Nelson

Subject: CDC Releases: Bloodstream Infection Guidelines, Policy Toolkit, and Clinical
Reminder

Hello Everyone,

CDC released several resources that may be of interest to you or the membership of your organizations. Thanks
and have a great weekend!

Kim

Updated bloodstream infection prevention guidelines

CDC and the Healthcare Infection Control Practices Advisory Committee (HICPAC) have updated guidelines for
the prevention of catheter-related bloodstream infections in patients. Replacing a 2002 edition, the new
guidelines are titled “Guidelines for the Prevention of Intravascular Catheter-Related Infections” and were
published April 1, 2011, in Clinical Infectious Diseases and are available on CDC’s HICPAC website. They will also
be included in a special supplement to the American Journal of Infection Control. CDC and NIH will be releasing

a joint press release on Monday, April 4™ about the new guideline. The press release will be available on
www.cdc.gov/media.

CDC and ASTHO Release Policy Toolkit for Healthcare-associated Infection Prevention

The Association of State and Territorial Health Officials (ASTHO) and CDC are pleased to announce the release
of a state policy toolkit for the elimination of healthcare-associated infections (HAIs): Eliminating Healthcare-
Associated Infections: State Policy Options.

State health agencies have a central role to play in HAI elimination because they are responsible for protection of
patients across the healthcare system and serve as a bridge between healthcare and the community. The
purpose of this toolkit is to provide guidance and examples to senior policy makers on various promising ways to
use legal and policy interventions in a comprehensive HAI prevention program.

View the toolkit at: http://www.cdc.gov/HAl/prevent/astho-policy-toolkit.html

CDC Issues Clinical Reminder on use of Facemasks during Spinal Injections

CDC is reminding clinicians to use facemasks when injecting medicine or inserting catheters into epidural or
subdural spaces of the spine. This includes epidurals during childbirth labor and injection of contrast dye during
imaging procedures. Outbreaks of bacterial meningitis following these spinal injection procedures continue to be
identified among patients whose procedures were performed by a healthcare provider who did not wear a
facemask.

Read CDC'’s Clinical Reminder.

Read a commentary on this topic on CDC’s Safe Healthcare Blog.
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From: Zimmerman, Kim (CDC/OID/NCEZID) [kxz3@cdc.gov]
Sent: Thursday, April 14, 2011 12:40 PM
To: Aarikha D’Souza; Al Demaria; Alessandra Litro; Sites, Ann (CDC maine.gov); Beth

Daly; Betty Wood; Carol Wood-Koob; Donna Dunton; Eileen McHale; Giovanna
Santovito-Carducci; Jay Kvam; Jessica Rigler; Jon Rosenberg; Kara Stanley;
Katrina Hansen; Zimmerman, Kim (CDC/OID/NCEZID); Laura Erhart; Leticia
Metherell; Lynn Janssen; Matthew Thomas; Marsella, Maureen; Melinda
Thomas; Patsy Tassler-Kelso; Peg Shore; Richard Melchreit; Rike Weiss; Baier,
Rosa; Samara Viner-Brown; Shoana Anderson; Steffany Cavallo; Stephen
Sears; Sue Chen; Teresa Nelson

Subject: FYI: NEJM papers on MRSA research

Hello Everyone,

As an fyi, today, the New England Journal of Medicine is releasing two papers on MRSA prevention in healthcare
facilities and a companion editorial. CDC has authors on both papers.

In an effort to assist you in communicating on this topic, we are providing you links to the publications as well as
CDC's key messages at the bottom of this email.

You can access both publications and the editorial from the NEJM home page at http://www.nejm.org/

http://www.nejm.org/doi/full/10.1056/NEJM0al007474 - VA study
http://www.nejm.org/doi/full/10.1056/NEJM0al1000373 - STAR*ICU study
http://www.nejm.org/doi/full/10.1056/NEJMe1014292?query=featured_home — Editorial by Dr. Richard Platt

CDC'’s Safe Healthcare blog is hosting a three-part commentary with the lead authors and CDC'’s Dr. John
Jernigan: http://blogs.cdc.gov/safehealthcare/

Medscape is hosting a commentary from Dr. Jernigan at the following location:
http://www.medscape.com/viewarticle/738551

The NY Times also has a feature article on these two publications:
http://www.nytimes.com/2011/04/14/health/14infections.html?_r=2&hp

Please let us know if you need anything else.

CDC messages regarding findings published in the April 14" issue of the New England Journal of
Medicine related to preventing MRSA infections in healthcare facilities

Key Messages:
MRSA prevention and control is possible, even though there remains scientific debate about the best way to do
it. All HAls should be considered preventable unless proven otherwise.
When a prevention strategy is chosen, rigorous measurement of the strategy’s impact should be in place, with
the expectation that facilities should achieve results similar to those observed in the recently published VA
studies. If not, the prevention strategy should be modified. In some cases, facilities may benefit from use of
active detection and isolation (ADI) of patients colonized with MRSA bacteria.
Healthcare facilities should develop a customized, comprehensive strategy to control MRSA and other multi-
drug resistant infections.
CDC guidelines are available to develop a customized comprehensive strategy that will lead to effective control
of MRSA and other multi-drug resistant infections.

file://T:\Fogarty\Hospital-Acquired Infections\Subcommittee\2011\042511\FY | NEJM pap... 4/20/2011
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Many studies have shown that MRSA infections are often preventable.

Additional Messages:

New studies appearing in the New England Journal of Medicine are consistent with the current belief that
MRSA is too complex a problem to be controlled with any single intervention.

One of these studies, the STAR ICU Trial, was a large randomized, controlled study designed to measure the
effectiveness of ADI. It found that ADI as implemented in the study was not effective in reducing transmission of
MRSA or VRE.

Focusing all prevention efforts on a single intervention like ADI does not appear to be a broadly effective
strategy.

A separate observational study involving VA hospitals and published in the same issue, found that after
implementing a multifaceted MRSA prevention program that included ADI, MRSA transmission and MRSA-
associated HAls decreased significantly across the entire national VA system of hospitals.

While the strategy chosen by the VA did include use of ADI, the study design does not allow for assessment of
the contribution of ADI to the overall success.

Again, the most important message here is that MRSA can be prevented and controlled.

CDC recommendations for the prevention of multi-drug resistant infections (MDRO), including MRSA:

First and foremost, these infections should be prevented.

Perform rigorous surveillance for MDRO incidence so that changes over time can be monitored.

Measure adherence to infection control practices and make sure adherence is maintained at high levels.

Put systems in place to ensure providers are using antimicrobials correctly.

If, after implementing your chosen steps, MRSA rates are not declining, implement additional measures until
you are able to document effective control.
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ORIGINAL ARTICLE

Veterans Affairs Initiative to Prevent Methicillin-
Resistant Staphylococcus aureus Infections

Rajiv Jain, M.D., Stephen M. Kralovic, M.D., M.P.H., Martin E. Evans, M.D.,
Meredith Ambrose, M.H.A., Loretta A. Simbartl, M.S., D. Scott Obrosky, M.S.,
Marta L. Render, M.D., Ron W. Freyberg, M.S., John A. Jernigan, M.D.,
Robert R. Muder, M.D., LaToya J. Miller, M.P.H., and Gary A. Roselle, M.D.

ABSTRACT

BACKGROUND
Health care—associated infections with methicillin-resistant Staphylococcus aureus
(MRSA) have been an increasing concern in Veterans Affairs (VA) hospitals.

METHODS

A “MRSA bundle” was implemented in 2007 in acute care VA hospitals nationwide
in an effort to decrease health care-associated infections with MRSA. The bundle
consisted of universal nasal surveillance for MRSA, contact precautions for patients
colonized or infected with MRSA, hand hygiene, and a change in the institutional
culture whereby infection control would become the responsibility of everyone who
had contact with patients. Each month, personnel at each facility entered into a
central database aggregate data on adherence to surveillance practice, the preva-
lence of MRSA colonization or infection, and health care—associated transmissions
of and infections with MRSA. We assessed the effect of the MRSA bundle on health
care—associated MRSA infections.

RESULTS

From October 2007, when the bundle was fully implemented, through June 2010,
there were 1,934,598 admissions to or transfers or discharges from intensive care
units (ICUs) and non-ICUs (ICUs, 365,139; non-ICUs, 1,569,459) and 8,318,675 pa-
tient-days (ICUs, 1,312,840; and non-ICUs, 7,005,835). During this period, the per-
centage of patients who were screened at admission increased from 82% to 96%,
and the percentage who were screened at transfer or discharge increased from 72%
to 93%. The mean (£SD) prevalence of MRSA colonization or infection at the time
of hospital admission was 13.6+3.7%. The rates of health care—associated MRSA
infections in ICUs had not changed in the 2 years before October 2007 (P=0.50 for
trend) but declined with implementation of the bundle, from 1.64 infections per
1000 patient-days in October 2007 to 0.62 per 1000 patient-days in June 2010, a
decrease of 62% (P<0.001 for trend). During this same period, the rates of health
care—associated MRSA infections in non-ICUs fell from 0.47 per 1000 patient-days
to 0.26 per 1000 patient-days, a decrease of 45% (P<0.001 for trend).

CONCLUSIONS

A program of universal surveillance, contact precautions, hand hygiene, and insti-
tutional culture change was associated with a decrease in health care—associated
transmissions of and infections with MRSA in a large health care system.
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From the Veterans Health Administra-
tion MRSA Program Office, Patient Care
Services, Veterans Affairs (VA) Central
Office, and the VA Pittsburgh Healthcare
System (RJ., M.E.E, M.A., LJ.M.); the
Department of Internal Medicine, VA
Pittsburgh Healthcare System, and the
University of Pittsburgh School of Medi-
cine (RJ., R.R.M.); and the Center for
Health Equity Research and Promotion,
VA Pittsburgh Healthcare System (D.S.0.)
— all in Pittsburgh; the National Infec-
tious Diseases Program Office, Patient
Care Services, VA Central Office, and the
Cincinnati VA Medical Center (S.M.K,,
L.A.S., G.A.R.); the Department of Inter-
nal Medicine, University of Cincinnati
College of Medicine (S.M.K.,, M.L.R.,
G.A.R)); and the VA Inpatient Evaluation
Center (M.L.R., RW.F.) — all in Cincin-
nati; the Department of Internal Medi-
cine, University of Kentucky School of
Medicine, Lexington (M.E.E.); and the
Prevention and Response Branch, Divi-
sion of Healthcare Quality Promotion,
Centers for Disease Control and Preven-
tion, Atlanta (J.A.).). Address reprint re-
quests to Dr. Evans at the VHA MDRO
Program, Lexington VAMC, 1101 Veter-
ans Dr., 11i-CDD, Lexington, KY 40502,
or at martin.evans@va.gov.
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ETHICILLIN-RESISTANT STAPHYLOCOCCUS
aureus (MRSA) infections are a problem in
the United States® and elsewhere. MRSA
is one of the most common causes of ventilator-
associated pneumonia, bloodstream infection as-
sociated with central venous catheters, and surgi-
cal-site infections.’2
In 2001, the Veterans Affairs (VA) Pittsburgh
Healthcare System began working with the Pitts-
burgh Regional Healthcare Initiative and the
Centers for Disease Control and Prevention (CDC)
to eliminate health care—associated MRSA infec-
tions with the use of a “MRSA bundle.” The bun-
dle, which was based on published guidelines,
comprised universal nasal surveillance for MRSA
colonization, contact precautions for patients who
were carriers of MRSA, hand hygiene, and an in-
stitutional culture change whereby infection con-
trol became the responsibility of everyone who
had contact with patients.? After implementation
of this approach in a pilot project, the rates of
health care—associated MRSA infections were re-
duced by 60% on a surgical ward and by 75% in a
surgical intensive care unit (ICU) within 4 years.*
On the basis of the success of the pilot study
in the VA Pittsburgh Healthcare System, and rec-
ognizing the importance of preventing MRSA
infections for all veterans, the Veterans Health
Administration (VHA), a division of the Depart-
ment of Veterans Affairs, issued a directive (see
the Supplementary Appendix, available with the
full text of this article at NEJM.org) implement-
ing a nationwide initiative to decrease health
care—associated MRSA infections in acute care
facilities. In this article, we report an analysis of
the effect of the MRSA Prevention Initiative dur-
ing the period from October 2007, when the
program was fully implemented in ICUs and
non-ICUs nationwide, through June 2010.

METHODS

INTERVENTIONS

Medical centers were directed to implement the
MRSA bundle in one patient care unit (preferably
an ICU) beginning in March 2007 and to imple-
ment the bundle in all remaining acute care units
(with the exception of mental health units) by
October 1, 2007. The bundle consisted of sur-
veillance for nasal colonization with MRSA for
all patients admitted to the hospital, all patients
transferred from one unit to another within the
hospital, and all patients discharged from the

hospital; contact precautions for patients who
were either colonized or infected with MRSA;
hand hygiene; and a change in the institutional
culture. The recommended approach to achieve
culture change was “positive deviance”> (a prob-
lem-solving approach that is based on the obser-
vation that in every community, there are certain
persons or groups whose uncommon behaviors
or strategies, as compared with those of their
peers, enable them to find better solutions to
problems). The goal of the culture change was to
foster alterations in practice so that infection
control and prevention would become the respon-
sibility of everyone involved in the care of patients
and thus a natural component of patient care.

PATIENTS
All patients admitted to VA acute health care fa-
cilities (except patients admitted to mental
health units) were eligible to participate in the
MRSA Prevention Initiative. Because this was not
a research project, but rather a quality-improve-
ment initiative, written informed consent from
individual patients was not required, consistent
with VA policy.® Written information was avail-
able for each patient or his or her caregiver, with
details about MRSA, relevant principles of infec-
tion control, the purpose and goals of the MRSA
Prevention Initiative, and patients’ rights and oral
assent (see the Supplementary Appendix).

RESOURCES AND TRAINING
The VA Central Office provided funds to each
facility in the United States for educational mate-
rials, laboratory equipment and supplies, and
salaries for dedicated laboratory personnel and
for a newly created position, the MRSA preven-
tion coordinator. The coordinator at each facility
oversaw implementation of the initiative at that
facility, collected and reported data on the pro-
gram at that facility, provided feedback to front-
line health care workers, and dealt with local
challenges. Regional and national educational
and training sessions for the coordinators were
conducted by the MRSA Program Office.

ACTIVE SURVEILLANCE AND CONTACT PRECAUTIONS
Training on the method of obtaining nasal swabs
was provided to all MRSA prevention coordinators
through the MRSA Program Office. Samples of
nasal secretions were obtained with a swab from
both anterior nares of patients within 24 hours
after their admission to the hospital. Swabs were
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also obtained from patients who were not known
to be colonized or infected with MRSA when they
were transferred between, or discharged from,
units within each facility. The local clinical micro-
biology laboratory processed the swabs with the
use of standard or selective chromogenic agar for
the isolation of MRSA or with polymerase-chain-
reaction (PCR)-based tests for rapid molecular
detection of the organism. Positive results were
reported to the patient’s nursing unit and were
recorded in the electronic health record.

Patients who were found to be colonized or
infected with MRSA or who were known to have
been colonized or infected with MRSA within
the previous 12 months were assigned to contact
precautions.” These patients were cared for with
contact precautions during their hospital stay and
all subsequent hospitalizations. Contact precau-
tions remained in effect until two nasal swabs
and cultures of infected sites (if still present),
obtained 1 week apart, were negative, provided
that the patients were not receiving antibiotics
for an active MRSA (or other) infection at the
time of these subsequent surveillance tests. Rou-
tine MRSA decolonization was not recommend-
ed (see the Supplementary Appendix).

DEFINITIONS OF PREVALENCE, TRANSMISSION,
AND HEALTH CARE—ASSOCIATED INFECTION
We calculated the facility-wide rate of coloniza-
tion at admission by dividing the number of pa-
tient admissions with MRSA, as detected by nasal
swabbing or clinical cultures within 48 hours after
admission, by the total number of admissions to
the facility. As of April 2008, all persons who had
a history of colonization or infection with MRSA
within the previous 12 months were also consid-
ered to be positive for MRSA at the time of admis-
sion. A clinical culture was defined as a speci-
men obtained from any body site, fluid, or drainage
area other than specimens obtained for surveil-
lance. If MRSA was detected in both the nasal-
swab specimen and a clinical culture, the event
was counted once in the category of clinical cul-
ture. Geographic variation in prevalence was ex-
amined according to the four regions of the Unit-
ed States (Northeast, South, Midwest, and West)
defined by the Census Bureau (www.census.gov).
Patients who were negative for MRSA at the
time of admission and during the 12 months
before admission and were found to be colonized
or infected with MRSA after they had been in a
unit for more than 48 hours were considered to

have an event of MRSA transmission attributable
to that unit. Patients not known to be colonized
or infected with MRSA who were readmitted to
the hospital within 48 hours after discharge and
were found to be positive at the time of readmis-
sion were considered to have a transmission event
attributable to the unit from which they had
been discharged.

Health care—associated MRSA infections were
defined according to guidelines of the CDC’s
National Healthcare Safety Network (NHSN),?
with the following adaptations: a diagnosis of
MRSA infection required a positive culture, rather
than just a clinical diagnosis by a physician, and
a positive clinical culture was considered to be
community-associated if it was obtained within
48 hours after admission. After 48 hours, a posi-
tive clinical culture obtained from a patient in
whom infection was not present or incubating at
the time of admission, as defined by NHSN crite-
ria,® was considered to be a health care—associ-
ated event. No molecular typing of the MRSA
isolates was performed. A physician or other pro-
fessional in infection prevention and control re-
viewed the patient’s record to determine whether
the criteria for a health care—associated infection
had been met.

DATA MANAGEMENT
Beginning in October 2007, MRSA prevention co-
ordinators at all facilities entered, for each month,
aggregate data on active surveillance testing and
on the prevalence and transmission of MRSA and
health care—associated MRSA infections into a
database that was developed and maintained by
the VA Inpatient Evaluation Center (IPEC). The
coordinators at all facilities also collected retro-
spective information on health care—associated
MRSA infections detected in ICUs between Octo-
ber 2005 and the end of September 2007 in order
to establish a baseline before implementation of
the MRSA Prevention Initiative. With the excep-
tion of the category of systemic infection, data
entered into the MRSA data management Web
site at IPEC included all major categories of
health care—associated infections surveyed by the
NHSN (e.g., urinary tract infections, bloodstream
infections, pneumonia, and skin and soft-tissue
infections).®

In addition to data on health care—associated
MRSA infections, MRSA prevention coordinators
were asked to enter into the IPEC database, on
an optional basis, data on health care-associated
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infections with vancomycin-resistant enterococ-
cus (VRE) and Clostridium difficile (defined accord-
ing to NHSN guidelines®), each month from Oc-
tober 2007 through June 2010.

For the purpose of the dissemination of this
information beyond the programmatic needs of
the MRSA Prevention Initiative, the analysis was
approved by the institutional review boards at
the VA Pittsburgh Healthcare System and the
Cincinnati VA Medical Center.

STATISTICAL ANALYSIS
We used the SAS statistical program, version 9.2
(SAS Institute), to extract monthly data on facility-
level and unit-level variables from a Microsoft
SQL Server 2005 Analysis Services online analyti-
cal processing cube (Microsoft) that was main-
tained in secure files on a server at IPEC.

Data from all facilities were pooled for the
analyses. Facility-specific data were available for
stratification when necessary. Adherence to active
surveillance testing was reported as the percentage
of eligible patients who were tested, and the rates
of transmission and health care-associated infec-
tion were expressed as the number per 1000 pa-
tient-days. The rates of ventilator-associated pneu-
monia and bloodstream infection associated with
central venous catheters were expressed as the
number per 1000 device-days. All data were ana-
lyzed monthly except for data on MRSA blood-
stream infections not associated with a device,
pneumonias, urinary tract infections, and skin and
soft-tissue infections (defined according to NHSN
guidelines®), which were evaluated quarterly owing
to the small numbers of events.

Quantitative and qualitative variables are re-
ported with the use of descriptive statistics.
Trends were examined by means of Poisson re-
gression models, and Student’s t-tests and analy-
ses of variance with Duncan’s multiple-compar-
isons method were used to compare groups of
interest. The Durbin—Watson (d) statistic was used
to test for the presence of autocorrelation in the
rates of health care-associated infections. No
strong evidence was found; therefore, data trans-
formations were deemed to be unnecessary.

RESULTS

CHARACTERISTICS OF PATIENTS AND FACILITIES
The mean (+SD) age of patients admitted to VA
acute care facilities during the period included in
the analysis (October 2007 through June 2010)

Figure 1 (facing page). Active Surveillance Testing for
Methicillin-Resistant Staphylococcus aureus (MRSA)
among Patients Admitted to and Those Transferred
or Discharged from Acute Care Veterans Affairs (VA)
Medical Units Nationwide.

A “MRSA bundle,” comprising universal nasal surveil-
lance for MRSA colonization, contact precautions for
patients who were carriers of MRSA, hand hygiene,
and an institutional culture change whereby infection
control became the responsibility of everyone who had
contact with patients, was implemented in 2007 in
acute care VA hospitals nationwide. The shaded area
represents the transition period between the time
when all hospitals were required to have the program
functional in at least one intensive care unit (ICU)
(March 2007) to full implementation of the MRSA bun-
dle in all ICUs and non-ICUs (October 2007). The period
of analysis was from October 2007 through June 2010.
The number of patients who were screened at admis-
sion and the number who were screened at transfer or
discharge are shown in Panel A; the rates at screening
at admission and at transfer or discharge are shown in
Panel B. Although only 35% of patients admitted to the
hospital were being screened when the MRSA Preven-
tion Directive was issued in January 2007, this percent-
age rapidly increased to 82% by October 2007 and to
96% by June 2010. The surveillance rate at the time of
transfer or discharge increased from 72% in October
2007 to 93% in June 2010.

was 62.6114.4 years; 95% of the patients were
men. The median length of stay was 3.0 days
(interquartile range, 2.0 to 7.0).

The VA has 153 hospitals nationwide. During
the period included in the analysis, 196 medical,
coronary care, and surgical ICUs and 428 medi-
cal, surgical, rehabilitation medicine, and spinal-
cord injury units provided data to IPEC. These
units represented all VA medical centers nation-
wide except for 3 that were exempted from par-
ticipation.

There were 1,934,598 admissions to, transfers
within, or discharges from these units (ICUs,
365,139; non-ICUs, 1,569,459) and 8,318,675 pa-
tient-days (ICUs, 1,312,840; non-ICUs, 7,005,835).

ACTIVE SURVEILLANCE
A total of 1,712,537 surveillance screening tests
were obtained during the analysis period from
patients who were admitted to or transferred or
discharged from acute care facilities nationwide
(329,903 obtained in ICUs and 1,382,634 in non-
ICUs). During this period, the percentage of pa-
tients who were screened at admission increased
from 82% to 96%, and the percentage who were
screened at transfer or discharge increased from
72% to 93% (Fig. 1).
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PREVALENCE OF MRSA COLONIZATION
OR INFECTION AT ADMISSION

The mean (+SD) monthly prevalence of MRSA
colonization or infection at admission in all
medical centers during the analysis period was
13.6+3.7% (range of means across facilities, 5.4 to
28.1). The ratio of patients with MRSA coloniza-
tion or infection who were identified by active

surveillance to those identified by clinical cul-
tures alone was 10:1 (Fig. 2). The prevalence of
colonization or infection at admission was high-
er among patients living in southern or north-
eastern regions of the United States than among
those living in western or midwestern regions
(15.3% and 14.6%, respectively, for southern and
northeastern regions vs. 11.3% and 12.5%, re-
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to Veterans Affairs (VA) Medical Centers.

Figure 2. Mean National Prevalence of Methicillin-Resistant Staphylococcus aureus (MRSA) at the Time of Admission

The monthly mean national prevalence of MRSA, as detected by surveillance screening tests or clinical cultures, at
the time of admission to VA medical centers nationwide is shown. The arrow indicates the time at which, owing to a
change in policy, patients who had been colonized or infected within the previous 12 months were considered to be
positive for MRSA at admission. Also shown is the mean prevalence of colonization or infection with MRSA at the
time of admission according to geographic region and type of admission (intensive care unit [ICU] or non-ICU). The
comparison among geographic regions was performed with the use of an analysis of variance with Duncan’s multi-
ple comparisons, and the comparison between ICUs and non-1CUs was performed with the use of Student’s t-test.

spectively, for western and midwestern regions;
P<0.001). More non-ICU patients than ICU pa-
tients were colonized or infected at admission
(15.7£11.4% vs. 14.5£9.1%, P<0.001).

RATES OF TRANSMISSION
During the analysis period, the rate of transmis-
sion of MRSA in the ICUs was reduced from 3.02
per 1000 patient-days in October 2007 to 2.50 per
1000 patient-days in June 2010, a decrease of 17%
(P<0.001 for trend). During the same period, the
rate of transmission in the non-ICUs was reduced
from 2.54 per 1000 patient-days to 2.00 per 1000
patient-days, a decrease of 21% (P<0.001 for trend).

RATES OF HEALTH CARE—ASSOCIATED INFECTION
The rate of health care—associated MRSA infec-
tion in ICUs did not change significantly from

N ENGL ) MED 364;15

October 2005 through September 2007, which
was the period before implementation of the
MRSA bundle in all facilities (1.45 per 1000 pa-
tient-days in October 2005 and 1.75 per 1000
patient-days in September 2007, P=0.50 for trend)
but declined during the analysis period, from
1.64 per 1000 patient-days in October 2007 to
0.62 per 1000 patient-days in June 2010, a decrease
of 62% (P<0.001 for trend) (Fig. 3). After imple-
mentation of the MRSA bundle, there was a de-
cline in the rate of bloodstream MRSA infection
not related to a device, from 0.14 per 1000 pa-
tient-days in the fourth quarter (October through
December) of 2007 to 0.03 per 1000 patient-days
in the second quarter (April through June) of
2010, a decrease of 79% (P<0.001 for trend). Dur-
ing the same period, there was a decline in the
quarterly rate of bloodstream MRSA infection re-
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(MRSA) in Veterans Affairs (VA) Facilities.

Figure 3. Nationwide Rates of Health Care—Associated Infections with Methicillin-Resistant Staphylococcus aureus

Between October 2007, when the MRSA bundle was fully implemented, and the end of June 2010, the rates of health
care—associated MRSA infections declined by 62% in intensive care units (ICUs) and by 45% in non-ICUs. There was
no significant change in the rates of health care—associated MRSA infections in the ICUs for the 2-year period (Oc-
tober 2005 through September 2007) before full implementation of the MRSA bundle; data for that 2-year period
were not available for non-ICUs. The shaded area represents the transition period when the VA MRSA Prevention
Initiative was being introduced. The analysis of trends was performed with the use of Poisson regression.

lated to a device, from 0.16 to 0.06 per 1000 pa-
tient-days, a decrease of 62% (P<0.001 for trend);
a decline in the quarterly rate of pneumonia not
related to a device, from 0.35 to 0.22 per 1000
patient-days, a decrease of 37% (P=0.001 for
trend); a decline in the rate of pneumonia related
to a device, from 0.32 to 0.08 per 1000 patient-
days, a decrease of 75% (P<0.001 for trend); a
decline in the rate of urinary tract infection,
from 0.16 to 0.04 per 1000 patient-days, a de-
crease of 75% (P<0.001 for trend); and a decline
in the rate of skin and soft-tissue infections,
from 0.16 to 0.04 per 1000 patient days, a decrease
of 75% (P<0.001 for trend) (Fig. 4A).

There was no significant change in the rates
of ventilator-associated MRSA pneumonia or
bloodstream MRSA infection associated with
central venous catheters in ICUs from April 2006
through March 2007, which was the period in
which programs to reduce the rate of health
care—associated infections due to all pathogens

were fully implemented (P=0.86 for trend and
P=0.26 for trend, respectively); however, between
October 2007, when the MRSA bundle was fully
implemented, and June 2010, the rate of ventila-
tor-associated MRSA pneumonia declined from
1.17 per 1000 device-days in October 2007 to
0.33 per 1000 device-days in June 2010, a de-
crease of 72% (P<0.001 for trend), and the rate
of bloodstream MRSA infection associated with
central venous catheters declined from 0.46 to
0.31 per 1000 device-days, a decrease of 33%
(P<0.001 for trend) (Fig. 5). The ratio of patient-
days in the ICU on which mechanical ventilation
was received to the total number of patient-days
in the ICU declined from 0.29 in October 2007
to 0.25 in June 2010, a decrease of 14% (P=0.005
for trend); the ratio of patient-days in the ICU on
which central venous catheters were used to the
total number of patient-days in the ICU did not
change significantly (0.46 in October 2007 and
0.44 in June 2010, P=0.75 for trend).
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Figure 4. Nationwide Quarterly Rates of Health Care—Associated Infection with Methicillin-Resistant Staphylococcus aureus (MRSA)

in Veterans Affairs Facilities, According to the Type of Infection.

Quarterly rates of health care—associated MRSA infections in intensive care units (ICUs, Panel A) and in non-ICUs (Panel B) are shown.
Data on health care—associated pneumonias and bloodstream and urinary tract infections in ICUs were collected separately for infections
related to a device and infections not related to a device but are presented as aggregate data reflecting both sources of infections; con-
versely, data on all three infection types in the non-ICUs were collected without respect to association with a device (devices are not
usually associated with skin and soft-tissue infections). Downward trends for all health care—associated infections in ICUs were signifi-
cant (P<0.001 for trend, with the use of Poisson regression). Downward trends for health care—associated pneumonia and skin and
soft-tissue infections in non-ICUs were significant (P=0.02 and P=0.009, respectively, for trend, with the use of Poisson regression).

Q denotes quarter.

In non-ICUs, the rate of health care-associ- (P<0.001 for trend) (Fig. 3). The rate of blood-
ated MRSA infection fell from 0.47 per 1000 stream infection declined from 0.12 per 1000
patient-days in October 2007 to 0.26 per 1000 patient-days in the last quarter (October through
patient-days in June 2010, a decrease of 45% December) of 2007 to 0.05 per 1000 patient-days
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Care Units.

data for the period from April 2006 to March 2007.

Figure 5. Nationwide Monthly Rates of Ventilator-Associated Pneumonias and Central Venous Catheter—Associated
Bloodstream Infections with Metbhicillin-Resistant Staphylococcus aureus (MRSA) in Veterans Affairs (VA) Intensive

Data are shown for the period during which bundles for these device-related health care—associated infections due

to all pathogens were in place (April 2006 through March 2007), during a transition period (shaded area) when the

VA MRSA Prevention Initiative was being introduced, and from October 2007 through June 2010, when the initiative
was implemented in all intensive care units nationwide. P values are for trends (with the use of Poisson regression)
for the respective periods and health care—associated infections. The P value for the retrospective data is only for

in the second quarter (April through June) of
2010, a decrease of 58% (P=0.11). During the
same period, there were declines in the quar-
terly rates of pneumonia, from 0.08 to 0.05 per
1000 patient-days, a decrease of 38% (P=0.02);
urinary tract infection, from 0.09 to 0.05 per
1000 patient-days, a decrease of 44% (P=0.43);
and skin and soft-tissue infections, from 0.15 to
0.07 per 1000 patient-days, a decrease of 53%
(P=0.009) (Fig. 4B).

A total of 16 hospitals entered data on the
incidence of health care—associated VRE and
C. difficile infections in ICUs consistently during
the analysis period, and 17 hospitals entered data
on the incidence of these infections in non-ICUs.
Poisson regression analysis for this subgroup of
hospitals showed that between October 2007
and June 2010, there was a decline in the rate of
health care—associated MRSA infection from 2.81
to 0.22 per 1000 patient-days in the ICUs, a de-
crease of 92% (P<0.001), and from 0.79 to 0.22

per 1000 patient-days in non-ICUs, a decrease of
72% (P<0.001). There was also a decline in the
rate of health care—associated C. difficile infection
in non-ICUs, from 1.44 to 0.56 per 1000 patient-
days, a decrease of 61% (P<0.001); there was no
significant change noted in the rate of health
care—associated C. difficile infection in ICUs
(P=0.99). During the same period, there was a
significant decrease in the rates of health care—
associated VRE infection in the ICUs, from 1.51
to 0.00 per 1000 patient days (P<0.001), and in
non-ICUs, from 0.33 to 0.09 per 1000 patient-
days, a decrease of 73% (P<0.001).

DISCUSSION

Implementation of a bundle comprising univer-
sal active surveillance, contact precautions, hand
hygiene, and a change in the institutional culture
was followed by significant declines in health
care—associated MRSA infections in a large health

Downloaded from nejm.org at BROWN UNIVERSITY on April 20, 2011. For personal use only. No other uses without permission.

N ENGLJ MED 364;15 NEJM.ORG APRIL 14, 2011

The New England Journal of Medicine

Copyright © 2011 Massachusetts Medical Society. All rights reserved.

1427



1428

The NEW ENGLAND JOURNAL of MEDICINE

care system. These declines were sustained dur-
ing the 33 months of the analysis and were great-
er than those reported recently in other U.S. ven-
ues.’®11 Jnvestigations in smaller settings have
also shown reductions in health care—associated
MRSA infections when an approach similar to
that of the VA was used.t2-2°

The prevalence of MRSA carriage among VA
patients at admission was 13.6%, as compared
with a prevalence of 1.5% in the general U.S.
population and 6.3% among patients in non-VA
hospitals, as determined, in both cases, by means
of universal surveillance.’>2! We might have
seen a larger decrease in health care—associated
infections if the prevalence had been lower, since
there is a correlation between the prevalence of
carriers and the incidence of health care-associ-
ated infections.??23

Because this VA initiative was a quality-im-
provement program rather than a prospectively
designed trial, data are not available to evaluate
the extent to which each component of the
bundle may have contributed to the overall re-
duction in health care—-associated infections. Ad-
herence to surveillance at admission, transfer,
and discharge may be a surrogate marker for ad-
herence to the bundle.

Active surveillance identified more than 90%
of MRSA carriers who would have been missed
with clinical cultures alone. The sensitivity and
specificity of direct plating to a chromogenic
medium are similar to those of PCR, which range
from about 81% to 100% and 93% to 100%, re-
spectively.2* Identifying patients who were colo-
nized with MRSA and isolating them with con-
tact precautions was probably important, since
the environment surrounding asymptomatic car-
riers can be contaminated to the same extent as
the environment surrounding infected patients.2>
Preventing transmission and subsequent coloni-
zation with MRSA reduces the risk of infection,
which may occur in more than a third of recent-
ly colonized patients,'®263° and decreases the
reservoir of patients who can transmit MRSA
during future health care encounters.

The increase in adherence to active surveil-
lance in the months after issuance of the VHA
directive and the subsequent declines in health
care—associated MRSA infections were consis-
tent with an institutional culture change that
resulted in health care workers being more aware

of health care—associated MRSA infections and
increasing their adherence to hand hygiene and
contact precautions. The MRSA Prevention Ini-
tiative may have also affected the rates of health
care—associated C. difficile and VRE infections. It
is known that hand hygiene reduces health care—
associated infections, and contact precautions are
effective in preventing the transmission of MRSA
and other pathogens.31-32

We do not know the extent to which concomi-
tant infection-control initiatives may have con-
tributed to the decrease in health care—associated
MRSA infections that we observed. Guidelines
were given for decolonization (see the Supple-
mentary Appendix). Data from the national VHA
Pharmacy Benefits Management database showed
that, nationwide, inpatient orders for 2% mupi-
rocin ointment, a surrogate for decolonization
efforts, were reduced from 0.013 orders per
unique patient in October 2007 to 0.009 orders
per unique patient in April 2010, suggesting that
the use of decolonization regimens did not in-
crease during the analysis period. Recommenda-
tions for hand hygiene and transmission pre-
cautions had been in place for years, and as part
of a program to improve outcomes in VA ICUs,
initiatives to decrease overall rates of bloodstream
infection associated with central venous cathe-
ters and ventilator-associated pneumonia were
implemented in all VA ICUs as of April 2006.
However, device-associated and non—device-as-
sociated MRSA infections did not decline sig-
nificantly until after full implementation of the
MRSA bundle in October 2007. The MRSA bun-
dle may have had a complementary or synergistic
effect when it was added to the other initiatives
that were already in place.

An important approach to dealing with multi-
drug-resistant bacteria is to control their spread
among patients. The data from the VA suggest
that proactive efforts to prevent the transmis-
sion of MRSA are associated with a reduction in
health care—associated MRSA infections. Patients
in acute care hospitals outside the VA system
may also benefit from the implementation of an
aggressive campaign to eradicate health care—
associated MRSA infections that uses a strategy
similar to the VA strategy, but this would need
to be tested. A phased-in approach targeting
high-risk patients may be reasonable initially,
but optimal control of health care-associated
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MRSA infections and the best ratio of cost to
benefit may be realized only with universal sur-
veillance.1*33 Although we did not make a for-
mal cost-benefit assessment of the VA MRSA
Prevention Initiative, others have reported that
programs of active surveillance are cost-effective
over a wide range of prevalence and transmis-
sion rates.3»35 Expanding elements of the pro-
gram to long-term and ambulatory care settings
may be necessary to deal with reservoirs of MRSA
throughout the health care system.
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ABSTRACT

BACKGROUND
Intensive care units (ICUs) are high-risk settings for the transmission of methicillin-
resistant Staphylococcus aureus (MRSA) and vancomycin-resistant enterococcus (VRE).

METHODS

In a cluster-randomized trial, we evaluated the effect of surveillance for MRSA and
VRE colonization and of the expanded use of barrier precautions (intervention) as
compared with existing practice (control) on the incidence of MRSA or VRE coloni-
zation or infection in adult ICUs. Surveillance cultures were obtained from patients
in all participating ICUs; the results were reported only to ICUs assigned to the
intervention. In intervention ICUs, patients who were colonized or infected with
MRSA or VRE were assigned to care with contact precautions; all the other patients
were assigned to care with universal gloving until their discharge or until surveil-
lance cultures obtained at admission were reported to be negative.

RESULTS

During a 6-month intervention period, there were 5434 admissions to 10 intervention
ICUs, and 3705 admissions to 8 control ICUs. Patients who were colonized or in-
fected with MRSA or VRE were assigned to barrier precautions more frequently in
intervention ICUs than in control ICUs (a median of 92% of ICU days with either
contact precautions or universal gloving [51% with contact precautions and 43% with
universal gloving] in intervention ICUs vs. a median of 38% of ICU days with contact
precautions in control ICUs, P<0.001). In intervention ICUs, health care providers
used clean gloves, gowns, and hand hygiene less frequently than required for contacts
with patients assigned to barrier precautions; when contact precautions were speci-
fied, gloves were used for a median of 82% of contacts, gowns for 77% of contacts,
and hand hygiene after 69% of contacts, and when universal gloving was specified,
gloves were used for a median of 72% of contacts and hand hygiene after 62% of
contacts. The mean (£SE) ICU-level incidence of events of colonization or infection
with MRSA or VRE per 1000 patient-days at risk, adjusted for baseline incidence, did
not differ significantly between the intervention and control ICUs (40.4+3.3 and
35.6%3.7 in the two groups, respectively; P=0.35).

CONCLUSIONS

The intervention was not effective in reducing the transmission of MRSA or VRE,
although the use of barrier precautions by providers was less than what was re-
quired. (Funded by the National Institute of Allergy and Infectious Diseases and
others; STAR*ICU ClinicalTrials.gov number, NCT00100386.)
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ETHICILLIN-RESISTANT STAPHYLOCOCCUS

aureus (MRSA) and vancomycin-resistant

enterococcus (VRE) are major causes of’
health care-associated infection.! Infections caused
by these bacteria are usually preceded by coloni-
zation of mucous membranes, skin, wounds, or
the gastrointestinal tract. Colonization occurs by
means of indirect patient-to-patient transmission
of MRSA and VRE through the hands of health
care providers and through contaminated fomites
and environmental surfaces?? or, less commonly,
by direct transmission from colonized health care
providers.*

Standard interventions to prevent the trans-
mission of MRSA and VRE in health care facili-
ties include hand hygiene, the use of barrier
precautions (gloves and gowns) in the care of
colonized and infected patients, the use of dedi-
cated instruments and equipment for these pa-
tients, and the placement of colonized or in-
fected patients in single rooms or multibed rooms
or areas reserved for such patients.>® Additional
interventions, including active surveillance —
screening to identify asymptomatically colonized
patients who may serve as undetected reservoirs
of MRSA and VRE — and topical antimicrobial
treatments, are supported by ecologic, observa-
tional, and quasi-experimental studies and math-
ematical models.”*®

We hypothesized that culture-based active sur-
veillance for MRSA and VRE and the expanded use
of barrier precautions, as compared with exist-
ing practice, would reduce the incidence of colo-
nization or infection with MRSA or VRE in adult
intensive care units (ICUs).

METHODS

DESIGN

We conducted an unmasked, cluster-randomized,
controlled trial with the ICU as the unit of ran-
domization and inference. The trial consisted of
three periods: baseline (April through November
2005), randomization and implementation (De-
cember 2005 through February 2006), and inter-
vention (March through August 20006). The inter-
vention period began when the Web-based system
for reporting the results of surveillance cultures
was activated.

The study was designed and conducted by the
authors with guidance from the principal investi-
gators of the Bacteriology and Mycology Study
Group and members of the Risk Group 4 Re-

search Committee (see the Supplementary Ap-
pendix, available with the full text of this article
at NEJM.org). The staff at the coordinating cen-
ter and the authors analyzed the data and vouch
for the completeness and accuracy of the report.
The commercial sponsors had no role in the
design of the study, the accrual or analysis of the
data, the reporting of the results, or the decision
to submit the manuscript for publication. The
protocol, including the statistical analysis plan, is
available at NEJM.org.

ELIGIBILITY AND RANDOMIZATION
ICUs were eligible for inclusion in the study if they
were adult medical, surgical, or medical-surgical
ICUs with 1200 or more patient-days in a 6-month
period and an estimated incidence of at least nine
events of MRSA or VRE colonization or infection
per 1000 patient-days as estimated on the basis of
historical data. The study was approved by the
physician and nurse directors in each ICU and the
institutional review board at each participating
site. The requirements for informed consent and
for authorization by the federal Health Insurance
Portability and Accountability Act (HIPAA) were
waived on the basis of the criteria of Title 45, Sec-
tion 46.116(d), of the Code of Federal Regulations
and of Section 164.512(i) of the Privacy Rule, re-
spectively. ICUs were randomly assigned, in a 1:1
ratio, to the intervention or to existing practice
(control), with stratification according to type of
ICU and the baseline incidence of MRSA or VRE
colonization or infection.

INTERVENTION
In intervention ICUs, nasal swabs for MRSA sur-
veillance cultures and stool or perianal swabs for
VRE surveillance cultures were obtained from pa-
tients within 2 days after their admission to the
ICU, weekly thereafter, and within 2 days before
or after their discharge from the ICU. Swabs were
shipped overnight, 6 days a week, for processing at
the Clinical Microbiology Laboratory of the Na-
tional Institutes of Health Clinical Center. Broth
enrichment and extended incubation were used
to enhance the sensitivity of the culture methods
(see Table 1 in the Supplementary Appendix).t®-2°
Results were reported by means of an access-con-
trolled, Web-based system.

In intervention ICUs, the assignment of a pa-
tient to care with contact precautions was made
at the time of admission if a patient had been
infected or colonized with MRSA or VRE during
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the previous year and at any time during the ICU
stay if a clinical or surveillance culture was re-
ported to be positive for MRSA or VRE. Once
contact precautions were initiated, they were con-
tinued for the entire ICU stay. All other patients
were assigned to care with universal gloving from
the time of admission until their discharge or
until the results of surveillance cultures for both
MRSA and VRE obtained at admission were re-
ported to be negative, at which time they were as-
signed to standard precautions (unless isolation
precautions were required for other conditions).
The requirements for contact precautions, univer-
sal gloving, and standard precautions are speci-
fied in Table 1. No recommendations for the use
of topical or systemic antimicrobial agents were
provided.

In control ICUs, swabs for surveillance cultures
were obtained and shipped with the use of proce-
dures that were identical to those used in inter-
vention ICUs, but the ICU staff did not have ac-
cess to the results. Existing hospital procedures
were used to identify patients who were colonized
or infected with MRSA or VRE. Such patients were
assigned to care with isolation precautions, which
were generally consistent with contact precautions.
All other patients were assigned to standard pre-
cautions (unless isolation precautions were re-
quired for other conditions).

Before randomization, all the ICUs received an
aggregate report of the providers’ use of standard
precautions during the baseline period and a pro-
motional program to improve the providers’ use
of standard precautions (see Additional Methods
in the Supplementary Appendix). After random-
ization, intervention ICUs received training in
the intervention, door signs describing each cat-
egory of precautions, and an aggregate report on
the providers’ use of universal gloving during the
first month of the intervention period.

In all the ICUs, monitors located in patients’
rooms observed contacts between health care
providers and patients or their immediate envi-
ronment on random dates and times during day-
time and evening hours and recorded the precau-
tion category assigned to the patient, the type of
contact, and the providers’ use of hand hygiene,
clean gloves, and a gown (Table 1 in the Supple-
mentary Appendix).

MEASUREMENTS
Both patient-level and ICU-level data were collect-
ed (Table 1 in the Supplementary Appendix); all

analyses were based on ICU-level aggregates, ex-
cept as noted. A new event of colonization or in-
fection was identified by a surveillance or clinical
culture that was positive for MRSA or VRE. No at-
tempt was made to distinguish colonization from
infection. The event date was the date the earliest
positive culture was obtained.

A patient was eligible to be considered as hav-
ing a new event of colonization or infection if he
or she had a length of stay in the ICU of at least
3 days, no history of colonization or infection
during the previous year, no positive clinical
culture within 2 days after admission to the ICU,
and a negative surveillance culture obtained with-
in 2 days after admission to the ICU. Days at risk
were calculated from the date of the third ICU
day through the event date or through either the
date of discharge from the ICU or the date the
last surveillance culture was obtained, whichever
was later.

The primary outcome was the ICU-level inci-
dence of new events of colonization or infection
with MRSA or VRE per 1000 ICU patient-days at
risk. Secondary ICU-level outcomes were the in-
cidences of colonization or infection with MRSA
and VRE calculated separately and the following
implementation process measures: the percentage
of ICU patient-days on which patients colonized
or infected with MRSA or VRE were assigned to
each of the precautions categories, the percent-
age of health care provider contacts with patients
or their environment during which the provider
performed hand hygiene before or after the con-
tact or wore clean gloves or a gown (component
measures), and the percentage of provider con-
tacts during which the provider both wore clean
gloves during the contact and performed hand
hygiene after the contact (composite measure).

STATISTICAL ANALYSIS
We estimated the sample size on the basis of pub-
lished data?? and assumed a mean baseline inci-
dence of MRSA or VRE colonization or infection
of 30 per 1000 patient-days, a variance of 49 with
a 20% reduction in that variance obtained from
adjustment for baseline incidence, and a 25% re-
duction in incidence from baseline in both inter-
vention and control ICUs, owing to the program
promoting standard precautions. Using those as-
sumptions, we estimated that with 10 ICUs in
each group, the study would have at least 85%
power to show an additional 40% reduction in
incidence in intervention ICUs, with a two-sided
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Table 1. Minimum Requirements for Hand Hygiene and Use of Gloves and Gowns by Health Care Providers during Contacts with Patients
or Their Immediate Environment.*

Type of Contacty Standard Precautions Universal Gloving Contact Precautions

Hand Hygienet Gloves§ Gownf§ Hand Hygienet Gloves§ Gownf§ Hand Hygienei Gloves§ Gown§

before  after before  after before  after

contact contact contact contact contact contact
Sterile + + + + + + + + + + + +
Contaminated + + + + + + + + + +
Blood or body fluid + + + + + + + + + +
Invasive device + + + + + + + + +
Other patient + + + + + s 4 + +
Environment only + + + + + +

*

A plus sign indicates that the practice was required. Requirements for the room assignments of patients, the use of dedicated instruments
and equipment, and the cleaning and disinfecting of contaminated items were specified by guidelines that were current when the trial was
initiated.?*

Sterile contacts involved performing a sterile procedure; contaminated contacts involved potential contact with secretions, excretions, mucous
membranes, non-intact skin, or items or surfaces that are likely to be contaminated with body secretions or excretions; blood or body-fluid
contacts involved potential contact with blood or body fluids capable of transmitting bloodborne viruses; invasive-device contacts involved
opening or accessing an invasive device that entered a sterile body site directly; and other patient contact involved contacts not included in
the previously described categories. Environment-only contacts involved touching items or surfaces in the patient’s immediate environment

only. Examples of each type of contact are provided in Table 2 in the Supplementary Appendix.
I Hand hygiene involved rubbing hands with a waterless, alcohol-based hand rub or washing hands with soap and water.
§ Sterile gloves and gowns were needed for sterile contacts; otherwise clean nonsterile gloves and gowns were sufficient.
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type I error of 0.05. On the basis of observed fac-
tors, the 18-site study had a post hoc power of
80% to detect a 30% reduction in the incidence of
MRSA or VRE colonization or infection in inter-
vention ICUs.

The primary analysis was a comparison of the
primary outcome between the intervention and
control ICUs during the intervention period, with
the use of an ICU-level analysis-of-covariance
model with adjustment for baseline incidence and
with the use of an F-test, with a two-sided P value
of 0.05. We used similar models to evaluate the
secondary outcomes and the relationship between
the primary outcome and implementation process
measures. ICU-level and patient-level variables and
implementation process measures were compared
between the groups within the baseline and in-
tervention periods with the use of Wilcoxon rank-
sum tests and between periods within groups
with the use of Wilcoxon signed-rank tests, with
no adjustment for multiple comparisons.

Patient-level exploratory analyses were per-
formed with time from admission to a new event
of colonization or infection with MRSA or VRE as
the outcome, with the use of Cox proportional-
hazards models with adjustment for within-ICU
correlation.?® Data were censored at the time of a
patient’s discharge from the ICU or at the end of
the study in the case of patients who were still in

N ENGL ) MED 364;15

the ICU and were negative for both MRSA and
VRE colonization or infection. ICU-level and pa-
tient-level variables were evaluated as possible con-
founders with the use of paired models that exam-
ined the effect of the intervention on the risk of a
new colonization or infection event with and with-
out the variable. We generated a “best fit” multi-
variable model using backward elimination and
including all potential confounders with P values
of less than 0.10. This model was also used to
assess the effect of the intervention by month.

RESULTS

CHARACTERISTICS OF ICUs AND PATIENTS
Figure 1 shows the random assignment of ICUs
to the intervention or control group and the fol-
low-up of patients in the intervention and control
ICUs. There were no significant differences in key
characteristics between patients in the interven-
tion ICUs and those in the control ICUs, except
with respect to the prescription of some topical
and systemic antimicrobial agents (Table 2, and
Table 3 in the Supplementary Appendix).

RESULTS OF SURVEILLANCE CULTURES
In intervention ICUs, the mean (£SD) number of
days from the time a surveillance culture was ob-
tained until the time it was reported was 5.2+1.4.
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19 ICUs were enrolled, completed baseline
period, and underwent randomization

10 Were assigned to intervention
5 Medical
2 Surgical
3 Medical-surgical

9 Were assigned to control
5 Medical
2 Surgical
2 Medical-surgical

—| 1 Was withdrawn

5434 |CU admissions occurred
during intervention period

3705 ICU admissions occurred
during intervention period

2993 (55%) Involved ICU
stay <2 days

2090 (56%) Involved ICU
stay <2 days

2441 (45%) Involved ICU stay =3 days

1615 (44%) Involved ICU stay =3 days

309 (6%) Were not eligible
for primary analysis
155 (50%) Because of no
surveillance culture
within 2 days after
ICU admission
124 (40%) Because of history
of colonization within
previous year -
145 (47%) Because of posi-
tive surveillance culture
within 2 days after
ICU admission
77 (25%) Because of posi-
tive clinical culture
within 2 days after ICU
admission

259 (7%) Were not eligible
for primary analysis
112 (43%) Because of no
surveillance culture
within 2 days after
ICU admission
111 (43%) Because of history
of colonization within
— previous year
137 (53%) Because of posi-
tive surveillance culture
within 2 days after
ICU admission
51 (20%) Because of posi-
tive clinical culture
within 2 days after ICU
admission

2132 (39%) Were eligible
for primary analysis

1356 (37%) Were eligible
for primary analysis

not being eligible for the primary analysis.

Figure 1. Randomization of Intensive Care Units (ICUs) and Follow-up of Patients.

The ICU-level percentage of patients with multiple admissions was 7.6% among all ICU stays and 6.1% among ICU
stays of 3 days or more; therefore, each admission was treated as an independent event. A total of 20 ICUs were eli-
gible for the study, of which 19 participated. In addition, 1 medical ICU assigned to the control group was with-
drawn from the study owing to a failure to collect surveillance cultures according to the study protocol. Data from
this ICU were excluded from all analyses. During the intervention period, there were 24,484 total ICU patient-days in
the intervention ICUs and 16,579 total ICU patient-days in the control ICUs. A total of 18,136 ICU patient-days at
risk (74% of total ICU patient-days) in the intervention group and 11,827 ICU patient-days at risk (71% of total ICU
patient-days) in the control group were included in the primary analysis. ICU stays could have multiple reasons for

Among patients with an ICU stay of 3 days or
more, 41% (range, 30 to 66) of all ICU patient-days
coincided with or followed the day on which the
results of surveillance cultures were reported. In a

substantial proportion of patients in all ICUs who
were colonized or infected with MRSA or VRE at
the time of admission or who had new coloniza-
tion or infection events during their stay in the
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ICU, MRSA or VRE was detected only by means of
surveillance cultures, with no evidence of a sig-
nificant difference between intervention and con-
trol ICUs. The median proportions of patients with
positive surveillance cultures were 46% (range, 16
to 50) in intervention ICUs and 38% (range, 14 to
77) in control ICUs for detection of MRSA at ad-
mission (P=0.81); 62% (range, 29 to 83) and 77%
(range, 43 to 92) in the two groups, respectively,
for detection of VRE at admission (P=0.18); 77%
(range, 43 to 96) and 86% (range, 24 to 100) in the
respective groups for detection of a new MRSA

event (P=0.30); and 100% (range, 91 to 100) and
99% (range, 80 to 100) in the respective groups
for detection of a new VRE event (P=0.51) (Table 4
in the Supplementary Appendix).

ASSIGNMENT OF PRECAUTIONS CATEGORIES
Patients who were colonized or infected with
MRSA or VRE were assigned to expanded barrier
precautions more frequently in intervention ICUs
than in control ICUs. In the intervention ICUs,
these patients were assigned to contact precau-
tions for a median of 51% (range, 30 to 85) of

Table 2. Characteristics of Patient Populations.*

Characteristic

Vancomycin

Cefepime

Levofloxacin

Regimen with anti-anaerobic activity

Piperacillin—tazobactam

Metronidazole

Baseline Period

Control ICUs
(N=38)

median (range)t

Intervention ICUs
(N=10)

Colonization or infection during previous

year — %
MRSA 6.6 (1.9-162) 5.7 (2.7-13.9)
VRE 40(0.0-144) 4.3 (1.4-8.5)
Positive clinical culture on admission — %
MRSA 40(1.1-19.2)  3.1(1.1-9.4)
VRE 1.9 (0.0-23.1) 0.9 (0.7-3.0)
Positive surveillance culture on admission
— %
MRSA 9.5 (6.3-14.8) 12.4 (8.7-24.3)
VRE 13.6 (6.9-24.4) 17.2 (3.9-26.2)
Use of topical antimicrobial agent — %
Any 9.0 (2.3-33.3) 4.2 (0.2-11.3)
Bacitracin 3.6(0.9-7.6) 2.2 (0.0-3.7)
Mupirocin{] 3 (0.0-24.5) 1(0.0-1.1)
Chlorhexidine gluconate€| 0 (0.0-25.3) 0.0 (0.0-1.6)
Vancomycin, enteric 0 (0.0-0.5) 4 (0.0-2.9)

Use of systemic antimicrobial agent — %

35.8 (19.5-48.4) 41.9 (31.8-55.0)
24.6 (11.8-33.8) 28.0 (18.0-39.6)
15.2 (0.0-27.0)  24.6 (6.9-36.8)
(
(
3(

11.2 (0.0-25.8) 1.1 (0.0-3.6)
12.7 (0.0-24.2) 0.1 (0.0-27.8)
1.4-21.4) 11.1(0.0-19.8)

Intervention Period
Intervention ICUs  Control ICUs
P Valuet (N=10) (N=8) P Valuet
median (range)t
0.97 6.5 (3.1-13.4) 5.8 (2.0-147)  1.00
0.46 4 (1.6-16.8) 4.4 (0.7-10.5) 0.90
0.97 3.0 (1.7-142) 2.8 (0.4-7.0) 0.70
0.41 1.5 (0.4-23.0) 1.5 (0.0-7.4) 0.70
0.08 10.6 (8.3-19.8) 12.6 (6.2-17.6) 0.97
0.57 16.9 (7.9-39.9) 22.1 (12.3-34.4) 0.63
0.10 12.0 (2.5-36.1) 3.2 (0.3-13.0) 0.07
0.10 8(0.1-11.8) 1.2 (0.2-8.6) 0.41
0.48 .1 (0.0-24.4) 0 (0.0-0.5) 0.33
0.71 .0 (0.0-30.9) 0 (0.0-8.4) 0.71
0.02 .0 (0.0-1.3) 5 (0.0-3.6) 0.04
0.41 35.4 (21.6-46.2) 43.8 (34.9-52.9) 0.01
0.46 23.8 (12.8-40.0) 32.0 (18.8-37.2) 0.17
0.10 13.6 (0.0-19.9) 22.6 (6.4-28.9) 0.03
0.03 13.4 (0.0-23.2)  3.5(0.0-20.0)  0.09
0.82 .9 (0.0-23.7) .2 (0.0-23.8) 0.55
0.83 6 (4.8-19.9) 13.3 (5.8-25.3) 0.20

* A complete list of the characteristics of the intensive care units (ICUs) and the patient populations is provided in Table 2 in the Supplementary
Appendix. MRSA denotes methicillin-resistant Staphylococcus aureus, and VRE vancomycin-resistant enterococcus.

7 P values were calculated with the use of the Wilcoxon rank-sum test.

I Values are ICU-level estimates.

§ Cultures were obtained within 2 days after admission to the ICU.

€ Mupirocin was almost always administered by intranasal application, and chlorhexidine by intraoral application.
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all ICU patient-days, universal gloving for 43%
(range, 9 to 56) of ICU patient-days, and either
contact precautions or universal gloving for 92%
(range, 80 to 95) of ICU patient-days. In control
ICUs, these patients were assigned to contact
precautions for a median of 38% (range, 12 to
59) of all ICU patient-days; universal gloving was
not used (P<0.001 for the comparison of either
contact precautions or universal gloving in inter-
vention ICUs with contact precautions in control
ICUs) (Table 5 in the Supplementary Appendix).

HEALTH CARE PROVIDERS’ USE OF HAND HYGIENE,
CLEAN GLOVES, AND GOWNS

Across all contacts, regardless of the type or cat-
egory of precautions, the composite measure of
providers’ use of both clean gloves during the con-
tact and hand hygiene after the contact was higher
in intervention ICUs than in the control ICUs by a
factor of almost 2 (a median of 47% of contacts
[range, 26 to 63] vs. 25% of contacts [range, 4 to
61], P=0.02). For contacts with patients assigned
to contact precautions, providers in intervention
ICUs used clean gloves and a gown and performed
hand hygiene after contact less frequently than re-
quired, but marginally more frequently, and with
less site-to-site variability, than did providers in
control ICUs (Fig. 2A and 2C). Clean gloves were
used for a median of 82% of contacts (range, 55 to
87) in intervention ICUs, as compared with 72%
(range, 27 to 95) in control ICUs; gowns, for 77%
of contacts (range, 60 to 88) in intervention ICUs,
as compared with 59% (range, 0 to 93) in control
ICUs; and hygiene after contact, for 69% of con-
tacts (range, 38 to 77) in intervention ICUs, as
compared with 59% (range, 20 to 88) in control
ICUs. For contacts with patients assigned to uni-
versal gloving in intervention ICUs, providers used
clean gloves and performed hand hygiene after
contact less frequently than required and mar-
ginally less frequently than for contacts with pa-
tients assigned to contact precautions (Fig. 2B);
clean gloves were used for a median of 72% of
contacts (range, 46 to 77), and hygiene after con-
tact for 62% of contacts (range, 38 to 82). Regard-
less of the precautions category or the ICU group
assignment, providers used clean gloves and a
gown and performed hygiene after contact less
frequently for contacts with the environment than
for all other contact types (Fig. 2). Individual ICU
data are provided in Tables 6 through 11 in the
Supplementary Appendix.

COLONIZATION OR INFECTION WITH MRSA OR VRE

The monthly ICU-level incidence of MRSA or VRE
colonization or infection varied considerably
within both ICU groups during the baseline and
intervention periods (Fig. 3; see also the figure
and Table 12 in the Supplementary Appendix).
The percentage change from baseline in the inci-
dence of colonization or infection during the in-
tervention period varied widely in both ICU
groups — a median change in the intervention
ICUs of 30% (range, —29 to 105) in the incidence
of MRSA or VRE, of 10% (range, —43 to 148) in
the incidence of MRSA, and of 35% (range, —32
to 197) in the incidence of VRE; and a median
change in the control ICUs of 5% (range, —40 to
36) in the incidence of MRSA or VRE, of —9%
(range, —52 to 75) in the incidence of MRSA, and
of 13% (range, —27 to 90) in the incidence of VRE.

The mean (+SE) ICU-level incidence of events
of colonization or infection with MRSA or VRE
per 1000 patient-days at risk, adjusted for base-
line incidence, did not differ significantly between
the intervention and control ICUs (40.4%3.3 and
35.6£3.7 in the two groups, respectively; P=0.35),
nor did the ICU-level incidence of MRSA or VRE
considered separately (16.0+1.8 and 13.5+2.1 in
the two groups, respectively, for MRSA; P=0.39;
and 38.9+5.6 and 33.4+6.3 in the two groups,
respectively, for VRE; P=0.53).

The ICU-level incidence of MRSA or VRE colo-
nization or infection was not significantly asso-
ciated with the percentage of ICU patient-days
on which colonized or infected patients were as-
signed to contact precautions (P=0.26) or the
percentage of health care provider contacts dur-
ing which the provider both wore clean gloves
during the contact and performed hand hygiene
after the contact, either when caring for patients
assigned to all precaution categories (P=0.61) or
when caring for patients assigned to contact
precautions (P=0.92).

The patient-level risk of MRSA or VRE coloni-
zation or infection showed little evidence of con-
founding between patient-level and ICU-level co-
variates and the intervention (unadjusted hazard
ratio for care in an intervention ICU, 1.17; 95%
confidence interval [CI], 0.88 to 1.54; P=0.28,
with adjusted hazard ratios in bivariable models
ranging from 1.04 to 1.25; P>0.13 for all models)
(Table 13 in the Supplementary Appendix). An
adjusted multivariable model including all poten-
tial confounders showed no evidence of an inter-
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Figure 2. Use of Hand Hygiene, Gloves, and Gowns by Health Care Providers in Intensive Care Units (ICUs) during Contacts
with Patients or Their Inmediate Environment.

The box plot diagram shows the distribution of ICU-level percentages for the use of component measures for all contacts (white boxes)
and according to type of contact (colored boxes). The box represents the interquartile range and the horizontal line inside the box the
median; vertical lines represent the maximum and minimum percentages. Contaminated refers to actual or potential contact with secre-
tions, excretions, mucous membranes, non-intact skin, or items or surfaces that are likely to be contaminated with body secretions or
excretions. Data regarding sterile contacts in both ICU groups and the use of standard precautions in intervention ICUs are not presented
because of the small number of observed contacts. The distributions of types of contacts across all precaution categories were as follows:
in intervention ICUs, contaminated, 15%; blood or body fluid, 8%; invasive device, 6%; any other patient, 34%; and environment only, 37%;
in control ICUs, contaminated, 15%,; blood or body fluid, 8%; invasive device, 8%; any other patient, 32%; and environment only, 37%.
Data for individual ICUs are provided in Tables 6 through 11 in the Supplementary Appendix.
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vention effect overall (adjusted hazard ratio for
care in an intervention ICU, 1.05; 95% CI, 0.81 to
1.36; P=0.72) (Table 14 in the Supplementary Ap-
pendix) or a consistent effect over time (adjusted
hazard ratio for care in an intervention ICU, 0.86;
95% CI, 0.56 to 1.22; P=0.50 for month 1 of the
intervention period; hazard ratio, 1.59; 95% CI,
1.14 to 2.22; P=0.006 for month 2; hazard ratio,
1.73; 95% CI, 1.09 to 2.74; P=0.02 for month 3;

N ENGL) MED 364;15 NEJ

hazard ratio, 0.98; 95% CI, 0.62 to 1.54; P=0.92
for month 4; hazard ratio, 1.16; 95% CI, 0.63 to
2.16; P=0.63 for month 5; and hazard ratio, 0.76;
95% CI, 0.35 to 1.63; P=0.48 for month 6).

DISCUSSION

In this trial, an intervention that included culture-
based active surveillance and the expanded use of
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Figure 3. Monthly Incidence of Colonization or Infection with Methicillin-Resistant Staphylococcus aureus (MRSA)
or Vancomycin-Resistant Enterococcus (VRE) among Patients in Intensive Care Units (ICUs).

The box plot diagram shows the distribution of ICU-level incidences of colonization or infection with MRSA or VRE.
The box represents the interquartile range, and the horizontal line inside the box the median; vertical lines repre-
sent the maximum and minimum percentages. The median number of incidences of colonization or infection accord-
ing to period were as follows: in intervention ICUs during the baseline period, 30.1 (range, 14.5 to 76.1) for MRSA or
VRE, 11.9 (range, 6.8 to 19.6) for MRSA, and 25.7 (range, 9.7 to 78.2) for VRE, and in intervention ICUs during the
intervention period, 40.3 (range, 20.8 to 54.9) for MRSA or VRE, 14.6 (range, 6.8 to 21.8) for MRSA, and 36.8 (range,
6.6 to 87.0) for VRE; in control ICUs during the baseline period, 32.5 (range, 12.3 to 58.4) for MRSA or VRE, 13.2
(range, 3.8 to 39.4) for MRSA, and 27.1 (range 9.9 to 53.4) for VRE, and in control ICUs during the intervention period,
32.6 (range, 15.8 to 60.7) for MRSA or VRE, 11.1 (range, 6.6 to 48.9) for MRSA, and 29.9 (range, 11.1 to 71.1) for VRE.

Individual ICU data are provided in the figure and Table 2 in the Supplementary Appendix.

barrier precautions, as compared with existing
hospital practice, was not effective in reducing the
incidence of MRSA or VRE colonization or infec-
tion in adult ICUs. This finding was surprising,
given that surveillance cultures identified a sizable
subgroup of colonized patients who were not
otherwise recognized and that colonized or in-
fected patients were assigned to either contact
precautions or universal gloving for nearly all
their ICU patient-days. Several factors may explain
this result.

Studies with less rigorous designs may have
overestimated the effectiveness of MRSA and VRE
control programs. Indeed, systematic reviews
have identified major methodologic weaknesses
in many previous studies, including the lack of
concurrent control groups.®2+2> More recent stud-
ies have yielded mixed results.*+2¢

The expanded use of barrier precautions may
have been insufficient to reduce the transmission

of MRSA or VRE for two reasons. First, the turn-
around time for reporting a positive result on a
surveillance culture was prolonged, which in-
creased the proportion of days that patients who
were colonized or infected with MRSA or VRE
were assigned to universal gloving instead of con-
tact precautions. Contact precautions are recom-
mended for the care of colonized or infected pa-
tients because these precautions specify the use
of gowns to prevent contamination of clothing
and the use of dedicated instruments and equip-
ment.>° In addition, the practice of hand hygiene
and the use of gloves by providers may be en-
hanced.?” However, the evidence that gowns pre-
vent transmission of MRSA or VRE or that contact
precautions increase the practice of hand hygiene
or the use of gloves is mixed.?”32 We observed
that providers used gloves only marginally more
often when they cared for patients assigned to
contact precautions than when they cared for
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patients assigned to universal gloving (Fig. 2),
and we found no evidence of an inverse relation-
ship between the percentage of ICU patient-days
that colonized or infected patients were assigned to
contact precautions and the primary outcome.

Second, the use by health care providers of the
required components of contact precautions and
universal gloving was less than required (Fig. 2),
particularly with respect to contacts with the
environment only, and may have been overesti-
mated because monitoring was not surreptitious
and was performed only during daytime and
evening hours. However, we found no evidence of
an inverse relationship between providers’ use
of both gloves during contact and hand hygiene
after contact with patients or their environment
and the primary outcome. Nonetheless, faster
turnaround time for reporting the results of sur-
veillance cultures and exemplary performance
with respect to providers’ use of barrier precau-
tions and hand hygiene may reduce transmission
more effectively.

Colonized patients who were not identified at
the time of admission could have served as per-
sistent reservoirs of MRSA or VRE and could have
been misclassified as having incident events later
in their ICU stay. Detection of MRSA colonization
in patients is enhanced when body sites in addi-
tion to the anterior nares are cultured, including
the pharynx, open wounds, skin, respiratory se-
cretions, and the rectum or stool.3*3* We per-
formed surveillance cultures for MRSA and VRE
from single body sites only but used broth enrich-
ment and extended incubation to enhance the
sensitivity of our culture methods.'*2° This prob-
ably explains why the prevalence of colonization
at the time of ICU admission in this trial was 15%
higher for MRSA and 64% higher for VRE than
that reported previously.*12

MRSA and VRE may have been transmitted by
routes other than those the intervention was de-
signed to interrupt, such as by contaminated in-
struments or equipment or by colonized health
care workers.* However, these events were un-
likely to have been frequent enough across mul-
tiple ICUs to account for the findings.

The intervention period may not have been
long enough to show an effect. Previous studies
have observed that a reduction in the incidence of
MRSA infection may not be evident until a year or
more after initiation of an intervention.*>'# How-
ever, the trial design and methods make a delayed
intervention effect unlikely, and there was no evi-

dence of a small effect by month that might have
become significant if the intervention period had
been longer.

Additional interventions that reduce the density
of colonization of body sites or contamination of
the environment may be necessary. Intranasal
mupirocin, coupled with other systemic and topi-
cal agents, reduces MRSA colonization in the
short term, but its long-term effect is limited and
is associated with the development of mupirocin
resistance.3s Daily bathing of patients with chlor-
hexidine and improved environmental cleaning
have, in quasi-experimental studies, shown prom-
ise in reducing the incidence of MRSA and VRE
colonization among ICU patients.>10:3¢ Treatment
with systemic antibiotics that have antianaerobic
activity promotes high-density colonization of VRE
in the gastrointestinal tract, and the use of fluoro-
quinolone has been associated with increased rates
of MRSA colonization or infection.3”3® Efforts to
reduce the unnecessary use of these agents may
complement other interventions.

The results of this trial indicate that merely
improving the identification of colonized patients
and expanding the use of barrier precautions, at
least as achieved during this trial, are measures
that are not likely to be broadly effective. If trans-
mission of MRSA and VRE in health care facilities
is to be decreased substantially, improvement in
reliable, sustainable adherence to isolation pre-
cautions is important and may need to be com-
plemented by interventions to reduce the density
of MRSA or VRE colonization of body sites and to
decrease environmental contamination.
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Time for a Culture Change?
Richard Platt, M.D.

Health care—associated infections are important,
often preventable, causes of poor outcomes and
unnecessary costs of medical care.* To address
this public health problem, professional socie-
ties, quality-improvement organizations, accredit-
ing bodies, and federal advisory committees and
agencies have issued guidelines and recommen-
dations aimed at preventing these infections.?
Many states have legislated specific prevention
measures, and the Centers for Medicare and
Medicaid Services withholds payment for costs
associated with certain infections.3 Nonetheless,
important gaps exist in our knowledge of the
effectiveness of many recommended or mandated
prevention methods.

Methicillin-resistant Staphylococcus aureus (MRSA)
is a poster child for this problem, because of the
illness it causes and the breadth of prevention
measures it has engendered. Despite these mea-
sures, MRSA remains a serious problem, compli-
cating more than a quarter million hospitaliza-
tions and contributing to thousands of deaths
in the United States each year.* Containment
strategies include barrier precautions, hand hy-
giene, prevention bundles, environmental decon-
tamination, and decolonization of asymptomatic
patients who carry the organism.? Ten states
mandate that surveillance cultures be obtained
for all patients who are admitted to intensive
care units (ICUs).> This policy is based on data
suggesting that active surveillance has a positive
effect in limited populations; however, these data
are hardly conclusive.® In addition, much of the
data we have comes from settings and partici-
pants that may not be representative. There is
no question, however, that resources that are al-
ready scarce are dedicated to these prevention
strategies.

Two studies reported in this issue of the Jour-
nal evaluate interventions for the prevention of
MRSA, but their combined message is far from
clear.%” Although the studies differ in important
ways, both address active surveillance culturing,
barrier precautions, and substantial engagement
of health care providers through training and
feedback. Yet they reach nearly opposite conclu-
sions.

Huskins and colleagues® report an efficacy
study (performed in optimal conditions) that is

a rigorous, cluster-randomized, controlled trial
involving more than 9000 patients admitted to
18 ICUs. The intervention included the compo-
nents described above plus universal gloving un-
til a patient’s colonization status was known to
be negative, supplemental materials such as pre-
caution signs on patients’ doors, and reports to
personnel on adherence. This study had many
admirable features: study personnel collected de-
tailed data before and during the intervention,
trained observers assessed providers’ adherence
at unannounced times, all ICUs used a single
reference laboratory for assessment of the sur-
veillance cultures, and the analysis took into ac-
count both individual patients and institutions.
The result of the intervention was an increase in
the use of precautions and improved adherence,
but there was no effect on the rates of coloniza-
tion or infection.

Jain et al.” evaluated the effectiveness (as as-
sessed in conditions of actual practice) of a
“MRSA bundle,” a Veterans Affairs (VA) system-
wide quality-improvement initiative, among near-
ly 2 million admissions, transfers, or discharges
in 150 hospitals with 196 ICUs and 428 non-ICUs.
Additional features of this intervention included
increased attention to hand hygiene and a change
in organizational culture that emphasized the re-
sponsibility of all personnel in preventing the
acquisition and spread of MRSA. During the in-
tervention period, there was a large decline in
infections caused by MRSA, as well as those
caused by other pathogens.

It is not clear how to reconcile these dramati-
cally different results. Different study designs
might explain part of the difference. For in-
stance, the intervention in the study by Huskins
et al. was assessed in ICUs only, whereas the VA
study by Jain et al. included all the acute care
units in the hospital (except for psychiatric units).
Several features may have diminished the effect
of the intervention in the study by Huskins et al.
The average 5-day interval between the time a
surveillance culture was obtained and the time
the results were available certainly limited the
usefulness of the surveillance; however, universal
gloving should have afforded some of the bene-
fit earlier results would have provided. The im-
provement in adherence to precautions may have
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been insufficient to reduce transmission. It is
also possible that the benefits Jain et al. observed
were due to factors other than the MRSA bun-
dle. The VA system had introduced guidelines
addressing ventilator-associated pneumonia and
central-line—associated bloodstream infections
in the previous year. It also issued a guidance
document on decolonization of MRSA-colonized
patients approximately 6 months after full im-
plementation of the MRSA bundle, at about the
time the dramatic drop in infections occurred
(see the Supplementary Appendix, available with
the full text of the article by Jain et al.). Inter-
rupted time-series analyses incorporating the
MRSA bundle and these other interventions
might help elucidate the effect of the bundle.
Analyses that include hospital-specific charac-
teristics and address consistency across hospitals
might also help us understand the factors that
contributed to the good result. Taken together,
these studies leave considerable uncertainty
about whether the MRSA bundle, including rou-
tine surveillance cultures, is worthwhile in all
settings. These studies do, however, underscore
the importance of carefully evaluating the effect
of existing state mandates to perform surveil-
lance testing.

These studies also illustrate the larger chal-
lenge we confront in knowing whether health
care practices produce the results we expect. Bet-
ter evidence of effectiveness will require practice-
based evaluation of treatments, tests, technolo-
gies, systems of care, and payment systems. The
Institute of Medicine’s Roundtable on Value and
Science-Driven Health Care and its Clinical Ef-
fectiveness Innovation Collaborative identify the
development of evidence as an essential element
of the Learning Healthcare System, articulating
both general principles and specific policies and
programs.®® These include, among others, re-
thinking the relationship between clinical prac-
tice and research, streamlining research over-
sight, and evaluating innovations in normal
practice settings. Ongoing developments in infor-
mation technology and analytic methods will
facilitate these evaluations.

The most informative evaluations will be ones
that are incorporated into the delivery of care
and that compare persons who are exposed to a
test or treatment with those who are not. Much
of the information that is needed is already col-
lected, or soon will be, with the use of electron-
ic data systems. Fully observational studies will

suffice in some situations. These might assess
the effect of a change over time or between set-
tings, with a comparison between exposed and
unexposed patients. When implementation oc-
curs over an extended period, sequencing the
implementation to create comparable groups will
allow a stronger conclusion to be reached. When
these approaches are insufficient, practices, hos-
pitals, or delivery systems may agree to be ran-
domly assigned to one practice or another, creat-
ing comparable groups of exposed and unexposed
patients.'® Ideally, these efforts will span institu-
tions, to improve both speed and generalizability.
Most important, it will be necessary to change
the culture of clinical care. Clinicians, health
system leaders, payers, purchasers, and above
all, patients need to demand care that is proven
to be effective as a condition of delivering, pay-
ing for, or receiving it. They must also be will-
ing to participate in developing the evidence.

Disclosure forms provided by the author are available with the
full text of this article at NEJM.org.

From the Department of Population Medicine, Harvard Pilgrim
Health Care Institute and Harvard Medical School, Boston.
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