
A. Background 
A.1 Clinical Impact of MRSA: A CDC National Healthcare Safety Network (NHSN) survey of 463 hospitals 
found that S. aureus was the second most common hospital pathogen, causing 10% of all hospital infections in 
2006-2007. Moreover, 56% of S. aureus isolates were methicillin-resistant S. aureus (MRSA).10 In 2005 there 
were an estimated 94,000 invasive MRSA infections and 19,000 deaths due to MRSA in the U.S.1 Dr. 
Perencevich and colleagues completed a meta-analysis that found that patients infected with MRSA had twice 
the odds of mortality compared with patients infected with methicillin-susceptible S. aureus (MSSA).11  

Recently, community-associated strains of MRSA emerged as important clinical pathogens.  
Community-associated MRSA strains are now known to cause infections in hospitals.12,13 Thus, more patients 
acquire infections outside of traditional healthcare settings and are at risk for developing surgical infections if 
not detected prior to their surgery.  

S. aureus (MRSA and MSSA), unlike most virulent pathogens, asymptomatically colonizes the nose 
and other body sites in approximately 30% of healthy individuals.14 Prior nasal carriage is a very important risk 
factor for subsequent infections.  For example, in a large multicenter study, 82% of patients who developed a 
bloodstream infection were colonized with a genetically identical strain in the nose.15 Prior nasal colonization 
with S. aureus is a major risk factor for developing S. aureus surgical site infections (SSI)16 and most patients 
who develop SSI with S. aureus carry a genetically identical strain in their nares.17,18 Thus, elimination of S. 
aureus and MRSA SSI requires interventions that prevent infections in those already colonized with the 
pathogen. VA has successfully implemented a program to reduce MRSA transmission in hospitals; however, 
the program does not prevent SSIs among patients colonized with MRSA prior to surgery. 
 
A.2. Burden of Surgical Site Infections: Post-operative infections, commonly called SSIs, are a serious threat to 
patient safety. Of the 20 million patients undergoing operations in the U.S. each year, as many as 2% to 5% 
(800,000-2,000,000 patients) acquire a SSI.19,20 SSI rates after cardiac procedures and total joint arthroplasty 
(TJA) range from 0.4% to 5%.20,21 Based on CDC definitions, SSIs can be divided into deep (severe) 
and superficial (mild) infections.  

Of the 50,000 patients included in the VA National Surgical Quality Improvement Program (VASQIP) in 
2006, 4% developed post-operative SSIs. In an abstract selected for an oral presentation at the 2012 HSR&D 
Annual Meeting, Drs. Schweizer and Vaughan Sarrazin reported that that among all VA surgical patients, the 
risk-adjusted costs were 1.61 times greater (95% CI: 1.53, 1.71; difference=$12,927) in deep SSIs and 1.22 
times greater in superficial SSIs, compared to surgical patients without a SSI, after adjusting for patient- and 
hospital-level variables.3 Others have reported that SSIs extend hospital stays by 7.5 days and are very 
costly.4,5 Data from over 5,000 SSIs reported to the CDC NHSN in 2006-2007 reveal that most were caused by 
Gram-positive cocci, particularly Staphylococcus aureus.10 About half of the isolates were antimicrobial 
resistant including MRSA strains and recent studies report that the percentage of SSIs caused by resistant 
organisms is increasing.22 In TJA and cardiac surgery, deep SSIs have a particularly high clinical and 
economic impact.(Table A.1)  

Table A.1: Poor Outcomes Associated with Cardiac and Total Joint Arthroplasty (TJA) SSIs 

 
Excess 
Hospital 

Length of Stay 
Excess 

Mortality 
Cost of 

Treatment Clinical Impact Example 

Cardiac 
SSI 

8.7 to 32.2 
days.5 22%19 $41,5594 

Therapy for MRSA mediastinitis requires significant 
debridement with potential loss of the sternum, open-
cleansing of the wound, prolonged antibiotic therapy and 
re-operation to stabilize the sternum with pedicle flap using 
the major pectoral muscle and omentum.23,24 

TJA SSI 14 days25 Not 
significant25 $100,0006 

A prosthetic knee infection requires the removal of the 
infected implant and a 6-8 weeks course of intravenous 
antibiotics followed by a re-implantation surgery, prolonged 
periods of immobilization, and months of physical therapy. 

 
A.3. Successful Checklist Utilization: As medical care becomes more complex, checklists can effectively guide 
hospital staff to ensure that patients consistently receive evidence-based care. A checklist evaluated by the 
World Health Organization Safe Surgery Saves Lives Study Group was shown to significantly reduce inpatient 
complications and mortality due to surgical errors.7 A checklist created by Pronovost et al., resulted in a 
sustained reduction in central-line associated infections by up to 66%.8 A New Yorker article on the benefits of 



checklists stated, “If a new drug were as effective at saving lives as Peter Pronovost’s checklist, there would be 
a nationwide marketing campaign urging doctors to use it.”26 

Since neither checklist specifically aims to prevent SSIs, more can be done to decrease rates of 
infections among surgical patients. Hospital staff in the preoperative clinic are often faced with competing 
demands such as performing a physical examination, electrocardiogram, and blood and urine testing. 
Therefore, they often do not think to follow the few easy steps to prevent MRSA SSIs. Our SSI checklist, which 
requires only minimal time during the preoperative clinic visit, has the ability to ensure that all patients are 
consistently tested for MRSA colonization and that colonized patients receive optimal preventive care in order 
to reduce the risk of MRSA SSIs.   

A.4 Prevention of MRSA in VA: A Successful Bundled Approach: A VA bundle to prevent MRSA was created 
including: (1) collecting nasal swabs for all patients on admission, in-hospital transfer and discharge to test for 
MRSA; (2) contact precautions for patients known or found to be MRSA carriers; (3) efforts targeting improved 
hand-hygiene; and (4) efforts encouraging culture change.28 After a pilot study in the VA Pittsburgh Healthcare 
System,27 and through the hard work Drs. Gary Roselle and Martin Evans (see A.9 Operational Partners), the 
bundle was implemented in all acute-care units in 150 VA medical centers in October 2007. By most measures 
the VA MRSA Initiative was a success. In a high-profile study published in the New England Journal of 
Medicine, VA investigators found that MRSA infections declined by 62% in ICUs and 45% in non-ICUs after 
initiation of the VA MRSA Initiative. MRSA acquisition declined 17% in ICUs and 21% in non-ICU settings.2 

However, the existing bundle does not target prevention of SSIs since it does not include components 
to prevent infections in those already colonized with MRSA prior to surgery. For example, while patients 
receive mandatory nasal swabs on admission to the hospital, frequently these swabs are collected after their 
surgery, when they are admitted for post-operative observation. This is too late to guide the use of the three 
proven therapies shown to reduce MRSA SSI: nasal decolonization with mupirocin ointment, skin 
decontamination with chlorhexidine gluconate (CHG), and adding vancomycin to the standard preoperative 
antibiotic therapy for MRSA carriers. Nasal decolonization is performed by applying a topical antimicrobial 
ointment called mupirocin to each nostril in order to prevent the spread of MRSA from a patient’s nose to their 
surgical site. Preoperative antibiotic prophylaxis is recommended for all cardiac and orthopedic surgery 
patients to prevent SSIs. Current guidelines recommend prophylaxis with the antibiotic cefazolin although this 
antibiotic does not have activity against MRSA, while the antibiotic vancomycin is active against MRSA.29 
 
A.5 Pilot Data: Developing an MRSA Prevention Checklist for Orthopedic and Cardiac Surgery: As part of an 
AHRQ funded contract (PI: Herwaldt, Co-investigators: Perencevich, Schweizer) we performed a systematic 
literature review and meta-analysis to determine the optimal bundle of interventions to prevent gram-positive 
surgical site infections (including MRSA) among patients undergoing TJA and cardiac surgery. We decided a 
priori that the most important interventions to evaluate were nasal decolonization and antibiotic prophylaxis.  

We searched 1,246 articles of which 33 trials were included in the meta-analysis. In summary, this 
meta-analysis found that preoperative nasal decolonization with mupirocin ointment was protective against 
gram-positive SSI (including MRSA SSI) among both TJA and cardiac surgery patients (Table A.2).  
Table A.2: Meta-analysis results 

Intervention 

Overall 
Pooled RR 

(95% CI) [n]* 

Cardiac 
Surgery 

Pooled RR  
(95% CI) [n]* 

TJA Pooled RR 
(95% CI) [n]* 

MSSA SSI 
Pooled RR 

(95% CI) [n]* 

MRSA SSI 
Pooled RR 

(95% CI) [n]* 

Nasal Decolonization 0.41 (0.28,0.58) 
[14] 

0.41 (0.30,0.55) 
[9] 

0.35 
(0.20, 0.62) [6] 

0.38 
(0.24, 0.61) [9] 

0.22 
(0.09, 0.59) [4] 

Vancomycin 
Prophylaxis for all 
Surgical Patients 

0.80 (0.52,1.21) 
[12] 

0.80 (0.51,1.27) 
[9] 

0.82 
(0.38, 1.78) 

[5] 

1.33 
(0.58, 3.06) 

[5] 

0.39 
(0.16, 0.95) 

[8] 
Surveillance Culture 

Directed Decolonization 
and Vancomycin 

Prophylaxis (Bundle) 

0.42 (0.31,0.58) 
[7] 

0.37 
(0.18, 0.76) [2] 

0.46 
(0.31, 0.68) [5] 

0.44 
(0.24, 0.80) [5] 

0.24 
(0.12, 0.46) 

[6] 

*n, number of studies in each subset 

Conversely, the meta-analysis found that giving all patients preoperative prophylaxis with vancomycin 
was not superior to preoperative prophylaxis with standard beta-lactam antibiotics at preventing gram-positive 
surgical site infections. Finally, a bundle that included preoperative screening for S. aureus nasal colonization, 



decolonization of S. aureus carriers, and targeted vancomycin prophylaxis for only MRSA colonized patients 
was associated with a 4-fold decline (pooled RR=0.24) in rates of MRSA SSIs compared to standard of care.9 

We presented these results to an expert panel of surgeons and infectious disease physicians. Based 
on the results of the meta-analysis and the expert opinion of the panel, a checklist was developed that included 
preoperative screening, targeted decolonization, targeted vancomycin prophylaxis, and chlorhexidine bathing. 
The expert panel strongly encouraged chlorhexidine bathing for skin decontamination of all preoperative 
patients based on results from recent studies.30,31 The panel’s decision to provide vancomycin and cefazolin 
prophylaxis to MRSA carriers was based on both the meta-analysis and other studies which found that 
vancomycin is inferior to cefazolin at preventing non-MRSA infections.32-34 

We are currently in the process of implementing the checklist at over 20 hospitals in the Hospital 
Corporation of America (HCA) system through an AHRQ efficacy trial and have implemented the same 
protocol as a checklist in the Iowa City VA orthopedic surgery setting this spring. Despite the strengths of this 
efficacy study, we will not have the qualitative data required to identify key barriers and facilitators to checklist 
implementation in the HCA hospitals. Significantly, the structures of care and patient populations in HCA and 
VA are sufficiently different that this checklist should be pilot tested in the VA before implementing it throughout 
the entire VA system, as implementation barriers and effectiveness will likely differ in VA. 

The goal of this proposal is to evaluate the implementation of the checklist, which will inform the roll-out 
of the checklist protocol and to assess the effectiveness and cost-effectiveness across all involved VA Medical 
Centers (VAMCs). 

A.6 SSI Checklist Description: 13% of veterans are colonized with MRSA on admission.2 Yet, at the present 
time there is no standard protocol for pre-surgical decolonization or assurance of appropriate choice of 
preoperative antibiotics for colonized patients (vancomycin plus cefazolin). Currently, MRSA screening results 
are not available prior to surgery, thus these evidence-based practices for preventing MRSA SSIs cannot be 
provided to the most at-risk patient population—MRSA colonized patients. Identifying this population at high-
risk for MRSA SSI and providing them with decolonization and appropriate prophylaxis could greatly reduce 
rates of MRSA SSIs. 

We propose to implement a SSI Checklist to decrease MRSA SSIs in 10 VAMCs. The SSI Checklist, 
described in Figure A.1, will be implemented based on the individual patient’s MRSA status. When a surgery is 
scheduled, the patient will be nasally screened for MRSA within 30 days prior to the operation. Ideally, the 
patient will be screened and the results will be known around one week prior to surgery, so that patients can 
receive mupirocin and CHG with enough time to receive five days of mupirocin decolonization therapy prior to 
surgery, but not so early that patients will forget to apply these agents. If the patient has a history of MRSA 
colonization or infection in the past year they will be considered MRSA positive and not screened but will still 
be decolonized and receive vancomycin.  

In emergent surgery, all patients will receive one dose of mupirocin ointment at surgery and will receive 
antibiotic prophylaxis with vancomycin and cefazolin. These patients will receive mupirocin twice a day for five 
days unless surveillance determines that the patient is MRSA negative in which case mupirocin will be 
discontinued. 

Figure A.1: SSI Checklist Description 
Pre-operative Checklist for MRSA Colonized Surgical Patients 

 Decolonize with 2% mupirocin ointment in the nose twice a day for 5 days 
 Bathe with chlorhexidine gluconate on each of the 5 days prior to the surgery date 

 Receive vancomycin and cefazolin as preoperative antibiotics 
 

Pre-operative Checklist for Patients Who are MRSA Negative on Screening 
 Bathe with chlorhexidine gluconate the day before and morning of surgery 

 Receive cefazolin as the preoperative antibiotic 
 

A just-completed VA study of 4,200 pre-operative patients found that prior admission culture had only 
20% sensitivity for predicting pre-operative MRSA carriage.35 Thus, we decided to screen for MRSA 
colonization during the pre-operative outpatient evaluation visit, rather than rely solely on prior history of 
MRSA, in order to identify the 80% of MRSA colonized patients missed under current VA protocols. Of note, 
prior history was specific for MRSA colonization (specificity 99%), so those known to be MRSA positive from 
prior admissions can be safely treated as MRSA colonized without the need for additional cultures. All MRSA 
colonized patients can then receive mupirocin decolonization prior to surgery and have vancomycin added to 
their preoperative prophylactic antibiotics.  Few, if any, VAs have implemented such a protocol.   



 
A.7 Evaluation Framework: Our goal is to understand and 
improve the intervention implementation at the study sites and 
inform future infection prevention implementation efforts across 
VA. The Nested Theory of Structuration will be used to guide 
this study (Figure A.2).36,37 This model suggests that efforts to 
improve process (and thus outcomes) must be directed across 
multiple levels and that team interactions shape and are 
themselves shaped by organizational structures, as well as 
individual action. To improve the process of care, it is necessary 
to understand and target the mutually reinforcing relationships 
between levels.37 Thus we will use ethnographic observations, 
as outlined by Perlow, to understand the actions and levels of 
interactions between individual, team and facility-level factors.36 
For example, the Checklist in cardiac surgical patients will 
require compliance of the patient (individual action) in applying 
mupirocin and chlorhexidine baths, cardiology or cardiac surgery 
(team or organizational context) involvement in ordering the tests and decolonization agents and facility and 
VISN-level involvement in patient transfer and communication among staff at the sending and receiving facility 
(facility or institutional context).  

The qualitative component of the study will also use The Consolidated Framework for Implementation 
Research (CFIR), which is an organizing framework for assessing and better understanding where and why a 
process or intervention works.38 The CFIR will be used to guide our assessment and systematic evaluation of 
local contextual factors that influence SSI checklist implementation.38  
 
A.8 Benefits of the Proposed Approach: Three strengths of our proposed approach are: 1) the inclusion of an 
implementation focused process evaluation (Aim 3); 2) the VA-specific economic analysis (Aims 1 and 2); and 
3) the use of a high-quality quasi-experimental study design with time-series analysis (Aims 1 and 2). Prior 
studies, including the ongoing AHRQ-funded SSI prevention study (PI: Herwaldt) that Drs. Perencevich and 
Schweizer are involved in as co-investigators, have not included a process evaluation. The inclusion of a 
systematic process evaluation with its products (e.g. implementation toolkit) will greatly enhance the likelihood 
of checklist adoption at the conclusion of the proposed research period and will also be VA-specific. It is 
important for VA to evaluate the checklist implementation, as factors such as facility transfer and integration 
into the existing VA MRSA initiative, are unique to VA.  

The included VA-specific economic analysis will also aid in the adoption of the checklist and may 
identify facilities or VISNs where it would be more cost-effective to implement the checklist.  Given limited 
economic resources, it would be difficult to imagine VA-wide adoption of this potentially life-saving checklist 
without rigorous economic data.  

Additionally, we plan to use a multisite, high-quality quasi-experimental (QE) study design, similar to 
that used by Pronovost et al., to evaluate the effectiveness of the SSI Checklist.8 This will improve upon similar 
studies included in the meta-analysis, which only used simple single-center before-after QE study designs.9 
QE studies aim to evaluate interventions but do not use a randomized control group. In the simplest QE 
design, a population serves as its own control during a baseline period of observation. An intervention is then 
implemented, and a subsequent period of observation is completed. Changes in the outcome of interest are 
then compared before and after the time of the intervention. Such simple QE studies are subject to threats to 
internal validity including uncontrolled confounding and selection bias.  

We will avoid these limitations by using a high-quality QE study design that includes: assessment of 
outcomes during a prolonged baseline period, use of nonequivalent control sites in which no intervention is 
implemented, and collecting data on confounding variables.39  We will collect 5-years of baseline data and have 
all VA-sites not included in our 10-site study in a non-equivalent control group. We will also perform time-series 
analysis using segmented regression analysis. This is the optimal method to assess both changes in infection 
rates from the pre-intervention to the post-intervention period while also assessing for changing trends in 
outcome rates, while statistically adjusting for potential confounding.40 In prior publications, we have 
extensively described the optimal design and analysis of QE studies in the investigation of infection-prevention 
interventions.39-41 

Figure A.2: Nested Theory of 
Structuration adapted from Perlow et al.36  

 
 



A high-quality QE study design is a less expensive and more feasible alternative to randomized 
controlled trials (RCT) and cluster randomized trials (see section C.18), while benefiting from the high external 
validity (generalizability) that is typical of a well-designed QE study. To conduct this research we assembled an 
experienced team of experts in the design, conduct and analysis of quasi-experimental studies (Perencevich), 
MRSA prevention epidemiology including checklist development (Drs. Schweizer, Perencevich), cost-
effectiveness (Perencevich) and qualitative implementation process focused evaluation of infection prevention 
interventions (Dr. Krein). We will also utilize the knowledge of an expert advisory panel.(Figure A.3) 
 
A.9 Operational Partner Collaboration: This project was designed in close consultation with the VA program 
offices that play key roles in MRSA prevention including Operational Partners from the National Infectious 
Disease Program Office (NIDS) and the MRSA / Multidrug-resistant Program Office (MDRO), the National 
Center for Occupational Health and Infection Control (COHIC), and VISN 23.(Figure A.3) This proposal has 
been shaped by continued discussions with our partners over the past 16 months, including an in-person 
meeting on August 8, 2011 in Cincinnati with Gary Roselle, MD (Director, NIDS), Martin Evans, MD (Director, 
MDRO), and Lewis Radonovich, MD (Director, COHIC). Drs. Roselle and Evans created the VA MRSA 
Initiative and are currently in charge of its implementation. They are in full support of our application and in 
implementing the SSI checklist alongside the VA MRSA Initiative once its effectiveness has been evaluated 
and potential barriers have been overcome. 
Figure A.3 Operational Partners and Expert Advisors 

 
Importantly, the investigators are already working with the operational partners. Dr. Perencevich is the 

Senior Associate for Infection Control Studies in COHIC, and has worked with COHIC, the NIDS, the Office of 
Quality and Safety, and the National Center for Patient Safety to develop a response to a recent VA OIG 
report, “Evaluation of MRSA Prevention Practices in VA Facilities.” In addition, the project will benefit from the 
participation of 10 VA hospital epidemiologists who have agreed to be study investigators. 

Finally, this proposal will benefit from an Implementation and Dissemination Advisory Committee that 
will include all mentioned operation partners two VA implementation experts, and Dr. John Jernigan, who has 
advised VA’s MRSA Initiative for over 5 years starting with Pittsburgh’s pilot study and through the recent long-
term care study in VA CLCs.(see Figure A.3 and letters) We will have teleconferences with the Implementation 
and Dissemination Advisory Committee at project kickoff and at the end of each year of the study period. 
 
B. Significance 
B.1 Expanding the Scope of the Existing VA MRSA Initiative: Preventing MRSA Surgical Infections  

By all accounts, the current VA MRSA Prevention Initiative has been hugely successful.  However, the 
current program is not adequately resourced to prevent infections that manifest in patients already colonized 
with MRSA, even though 13% of veterans are MRSA colonized on admission.2 This proposal seeks to 
eliminate MRSA SSIs in TJA (e.g., hip and knee surgery) and cardiac (e.g., bypass and valve replacement 
surgery) surgical patients.  

We will assess the effectiveness of implementing a SSI checklist aimed at screening, decolonization, 
and optimization of pre-operative antibiotic selection. The checklist (Figure A.1, above) has already been 
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developed through a systematic review of the literature and meta-analysis and utilization of an expert panel 
under an AHRQ-funded contract (PI: Herwaldt, co-Is Perencevich and Schweizer). Despite checklist evaluation 
at 21 hospitals through AHRQ, it is not being assessed at any VA hospitals. VA patients are very different than 
patients treated in private hospitals.  

Veterans are more likely to be socially disadvantaged (e.g., minority, unmarried, lower education level, 
and lower income) compared to Medicare recipients.42 This social disadvantage may influence a Veteran’s 
ability to implement the at-home components of the checklist. However, VA also varies in its organizational 
structure and context. For example, the remarkable infrastructure that is already in place for the VA MRSA 
Prevention Initiative may allow for fewer barriers to implementation, since VA already screens all patients 
admitted to the hospital, and thus will have the necessary microbiology facilities. Additionally, cardiac surgery 
in VA is a unique enterprise where patients are often seen initially in local VAs and then referred to a large 
referral center within a VISN. For example, a focus of this proposal includes a VISN-level evaluation within 
VISN-23 (Iowa City, Omaha and Minneapolis). In VISN-23, all cardiac surgeries occur at the Minneapolis VA, 
so that unique communication and timing issues around decolonization and antibiotic selection may arise and 
require VA-specific responses. By including evaluation of checklist implementation in several VISN-23 facilities, 
factors that hinder the adoption of the checklist in the sending facilities (Iowa City and Omaha) and receiving 
facility can be identified and remediated. The implementation toolkit can include VISN-level instructions so that 
cardiac patients who are MRSA carriers can receive mupirocin and CHG at their home VAMC (e.g., Iowa City 
VAMC or Omaha VAMC) and receive preoperative prophylaxis with vancomycin and cefazolin at their surgery 
VAMC (e.g., Minneapolis VAMC).  
 
B.2 Existing Guidelines and Protocols for MRSA Prevention in TJA and Cardiac Surgery: The current 
guidelines recommend antibiotic prophylaxis prior to major operations in order to prevent SSIs.29 Guidelines 
also recommend preoperative prophylaxis with a beta-lactam antibiotic for cardiac and TJA procedures, unless 
patients are known to be at high-risk for MRSA infection, or if the facility-wide or operation-specific MRSA SSI 
rate is high. In those cases, anti-MRSA antibiotics such as vancomycin are recommended.29 The addition of 
vancomycin to cefazolin prophylaxis for MRSA carriers is still considered appropriate prophylaxis according to 
guidelines, since cefazolin is provided with the vancomycin. 

Yet, in the wake of rising fears over MRSA, there is debate as to whether vancomycin prophylaxis for 
all surgical patients should be implemented in order to prevent MRSA infections.43 The argument against that 
strategy is that vancomycin may not be as effective against other gram-positive organisms compared to beta-
lactam antibiotics.32-34 Additionally, a recent VA study found that patients not colonized with MRSA who 
received vancomycin prophylaxis alone were more likely to develop a SSI compared to those who received 
beta-lactam prophylaxis.44 Thus MRSA colonization status should be known before vancomycin antibiotic 
prophylaxis is given. Currently, this is not the case. 

Recently, checklists and bundled interventions have greatly decreased the rates of specific HAIs such 
as central-line associated bloodstream infections and MRSA infections.2,8 A bundled intervention that goes 
beyond current guidelines measures and includes nasal decolonization, skin decontamination, and targeted 
vancomycin prophylaxis would be expected to greatly reduce rates of MRSA SSIs. Currently, few hospitals 
have implemented nasal screening for S. aureus plus nasal decolonization to prevent S. aureus SSIs. Despite 
clinical trial data and guidelines, clinicians have not reached consensus. Therefore, practices are often 
inconsistent both within and across hospitals.45 This is also the case in VA where currently patients might be 
documented as MRSA-positive in their electronic medical record, but are not routinely decolonized pre-
operatively nor have vancomycin added to their prophylaxis. Thus, despite strong clinical evidence, as outlined 
in our meta-analysis and current consensus supporting the wider adoption of the components of the checklist 
in pre-operative surgical algorithms, barriers prevent their implementation. 
 
B.3 Current Barriers to MRSA Checklist Adoption in VA: The current VA MRSA Prevention Initiative aims to 
prevent the spread of MRSA from colonized patients to uncolonized patients.28 However the VA MRSA 
Initiative does not recommend decolonization for currently colonized patients. Since colonized veterans have 7 
times higher odds of developing an MRSA infection compared to uncolonized veterans, MRSA infections will 
remain prevalent in VAMCs.46 Based on our meta-analysis, the addition of decolonization of surgical patients to 
the VA MRSA Initiative could greatly reduce the number of MRSA colonized and infected surgical patients in 
the VA System.  

Because the most expensive and time-consuming portion of the SSI Checklist is laboratory testing for 
MRSA colonization, which is already implemented at every VA for every admission, the addition of the SSI 



checklist to the existing MRSA Prevention Initiative is achievable. However, since swabbing should now occur 
before admission in those undergoing elective surgery, we anticipate barriers to checklist implementation.  

Significant variation in the adoption of decolonization and optimal antibiotics in surgical prophylaxis 
exist.  The variation and reasons for the variation represent significant barriers to the adoption of the evidence-
based MRSA checklist. A recent survey conducted by the Infectious Disease Society of America's (IDSA) 
Emerging Infections Network (EIN) offers strong evidence that preoperative practices vary considerably.45 Of 
441 respondents, 47% did not decolonize any patients preoperatively. Also, 30% felt preoperative screening 
for all S. aureus should be the standard of care in the community, 22% felt screening for MRSA only should be 
the standard of care, 27% felt that screening should not be the standard of care, and 21% did not have 
an opinion. Thus, despite the evidence strongly supporting the use of preoperative MRSA screening and 
decolonization very few have adopted this clinically effective treatment. Even though VA screens on hospital 
admission, these tests are not routinely utilized preoperatively.  

There is also concern that widespread use of mupirocin could cause mupirocin-resistant S. aureus 
strains to become common.47 Furthermore, some argue that widespread mupirocin use may not prevent 
infections, since patients decolonized with mupirocin become recolonized within an average of 3 weeks.48 Thus 
it is important to implement mupirocin decolonization only among the subsets of patients who would directly 
benefit. Surgical patients are an ideal population to provide mupirocin to because they are a distinct subset of 
patients at high-risk for MRSA infections and they are most at risk of a SSI within days or weeks of their 
incision. 

Other potential barriers that we will assess in our process evaluation include patient compliance and 
healthcare worker buy-in; communication between the preoperative clinic, laboratory, pharmacy and 
anesthesiology; and increased costs and time needed to implement the checklist. These potential barriers are 
currently being addressed as the checklist is being implemented at the Iowa City VA and solutions such as the 
creation of standard order sets in CPRS to facilitate timely communication are underway. 

Our standardized consensus-based checklist will help eliminate some of the problems described above 
and can be implemented widely by multiple mechanisms to ensure that providers follow the recommendations. 
Nevertheless, clinicians often do not implement evidence-based guidelines and implementation researchers 
who study the effectiveness of different improvement approaches have found that "one size does not fit all."49,50 
Thus, we aim to assess contextual factors and the specific mechanisms by which change occurs within health 
care organizations.51   

In summary, we have shown that facilities need to optimize the process of administering pre-operative 
antimicrobials. Consensus-based standardized checklists will provide guidance on the timing, dose, and types 
of antimicrobials (see Appendix 1) to be administered in specific situations to help facilities achieve this goal. 
The SSI Checklist will also help facilities overcome issues related to pre-operative screening for MRSA and 
decolonization. We expect SSI Checklist adoption in the individual facilities will drive change. The proposed 
SSI Checklist herein represents an exciting opportunity to contribute to the field on several levels while 
advancing the ultimate goal of reducing SSIs and improving patient safety on a broad scale.  
 
B.4. Clinical Impact and Products: The goals of this project are to assess the effectiveness of implementing a 
checklist to prevent MRSA SSIs among Veterans undergoing TJA and cardiac surgery and identify and 
overcome barriers to the checklist adoption.The long-term objective of this application is to significantly reduce 
the number of SSIs in the entire VA System. 

Once the proposed SSI checklist is shown to be effective in the 10 study sites, including the VISN-23 
sites, and we have identified and overcome barriers to implementation, we plan to work with key stakeholders 
such as Dr. Martin Evans (Director MDRO), Dr. Gary Roselle (Director, NIDS) and Dr. Lewis Radonovich 
(Director, COHIC) to implement this SSI Checklist in all VAMCs as part of the VA MRSA Prevention Initiative. 
(See Letters of Support)   

This likely cost-effective addition to the VA MRSA Prevention Initiative will reduce MRSA SSI and 
mortality and improve the quality of care for Veterans. The process evaluation will allow us to identify site and 
stakeholder specific strategies to facilitate checklist implementation broadly.  
The products include:  

1) an evidence-based SSI prevention checklist for TJA and cardiac surgery;  
2) a facility-level and VISN-level business-case and cost-effectiveness analysis of the checklist; and  
3) a VA-specific implementation toolkit as developed in Aim 3. 

 
 



STAGE 2 
(Year 1 Month 7-
Year 3 Month 6)

Multisite SSI 
Checklist 

Implementation

Evaluate Pre-Implementation Rates of SSI
Iowa City VA Process Evaluation to Assess Barriers and

Facilitators
Begin Creating Tools to Assist Optimal Implementation
Roll-in Period for 9 Sites

STAGE 1 
(Year 1 Months 1-6)

Single Site SSI 
Checklist 

Implementation 

PRODUCTS

Evaluate Post-Intervention Rates of SSI at All 10 Sites
Process Evaluation to Assess Barriers and Facilitators
Create and Modify Tools to Assist Implementation Based

on Feedback from Sites
Economic Assessment

Validated SSI Checklist
Business-Case Analysis for Checklist Adoption
Implementation Toolkit
Team Experienced in Checklist Implementation for

Prevention of Healthcare-acquired Infections 

C. Research Plan 
C.1 Overview: We plan to implement the SSI Checklist in 10 VA medical centers. The goals of this project are 
1) to assess the effectiveness and cost-effectiveness of the checklist to prevent MRSA SSIs among veterans 
undergoing TJA or cardiac surgery (Aims 1&2), and 2) to assess barriers and facilitators to checklist 
implementation (Aim 3). Along with our operational partners, the investigative team brings complementary 
expertise in quantitative and qualitative health services research methods, hospital epidemiology and infection 
control, and implementation science. The overall goal is to develop an effective and easy-to-implement 
checklist, with an accompanying implementation toolkit, that can be incorporated into the current VA MRSA 
Prevention Initiative to prevent MRSA SSIs in the entire VHA System. 
 
C.2 Implementation of the Checklist: In preparation for the proposed study, we are already in the process of 
implementing and evaluating the checklist at the Iowa City VA as a quality improvement process.(Stage 1, 
Figure C.1) Immediately upon receipt of funding, we will collect 5 years of baseline patient-level SSI data from 
all 10 sites using pre-existing VA datasets; these data will allow us to assess baseline SSI rates at each site 
and for various clinical service lines. We will then conduct initial meetings to establish site-specific processes 
for checklist implementation. Next, the SSI checklist will be implemented in all remaining 9 sites and 
evaluated.(Stage 2,Figure C.1) We will hold monthly training calls with each site during the first year of the 
study, then quarterly during the remainder of the study period.(see Table C.5 GANTT chart) 
 

Figure C.1 Implementation Stages and Products 
At each site, the site co-investigator (e.g., hospital 
epidemiologist) will work closely with the infection 
control professionals, chief of surgery, chief of 
pharmacy, and director of the hospital laboratory to plan 
for the roll-out of the checklist.(See letters of support) 
Decisions at the local level will need to address order 
set modification in CPRS, possible changes in screening 
and laboratory methods, utilization of decolonizing 
agents, and timing and dispensing of antibiotic 
regimens.  

The products of this study (Figure C.1) include a 
business-case analysis for checklist adoption (C.14 
Product 1, below) and an implementation toolkit (C.17 
Product 2, below). The business-case analysis will 
provide justification for the implementation of this SSI 
Checklist. We hypothesize that the SSI Checklist will be 

cost-saving since it will prevent many expensive SSIs. The implementation toolkit will provide education 
materials (including brochures, videos, and CPRS templates) for patients, local facilities and VISNs on how to 
optimally implement the components of the SSI checklist. Additional products include a validated SSI Checklist 
and a national, geographically diverse team experienced in checklist implementation for the prevention of 
healthcare-associated infections. This team can be utilized in order to evaluate other checklists or bundles to 
prevent healthcare-associated infections. 

The following sections outline the specific issues that will need to be addressed in the effectiveness 
analysis and the process evaluation of the checklist. 
 
C.3 Site Selection: This project will involve 10 VAMCs (Table C.1) that, in aggregate, performed an estimated 
1,486 TJA procedures and 1,201 cardiac procedures each year.(See Letters of Support) Specifically, we 
sought to select hospitals to represent geographical variation and hospital size. In addition, we included all 3 
tertiary care hospitals in VISN 23 because cardiac surgery is regionalized by VISN (e.g., Veterans from Iowa 
City travel to Minneapolis for cardiac surgery), thus we needed to evaluate barriers and facilitators for the SSI 
Checklist at a VISN level as well as a facility level. The 6 sites for Aim 3 were selected to balance the need for 
depth of data in a single VISN (Iowa City, Minneapolis, and Omaha), geographic variation (Ann Arbor, 
Baltimore, and Portland), and successful collaboration on previous projects (Baltimore, Iowa City, Portland – 
HSR&D IIR 09-099, Perencevich-PI). By implementing the SSI Checklist in each large acute care hospital in a 
single VISN (i.e. VISN-23), we will be able to examine the facilitators and barriers to implementation at a 
regional institutional level. Also, by implementing the SSI Checklist in geographically dispersed locations we 



will be able to address additional issues with checklist implementation as it is spread to other VAMCs in the 
VHA and in other regions of the country. 
Table C.1: Sites Selected for Inclusion 

Site # TJA Procedures in 2011 # Cardiac Procedures in 2011 VISN 23 Aim 3 Process 
Evaluation 

Ann Arbor VA 93 149  X 
Baltimore VA 48 Not performed at this site  X 
Boston VA 190 204   
Iowa City VA 162 Not performed at this site X X 
Miami VA 139 162   
Minneapolis VA 304 305 X X 
Omaha VA 147 Not performed at this site X X 
Portland VA 132 204  X 
Salt Lake City VA 146 56   
San Antonio VA 125 121   
Total 1,486 1,201   

 
C.4 Patient Selection: All patients who undergo TJA (e.g., hip or knee) or cardiac (e.g., bypass or valve) 
surgery from the beginning of the baseline period (January 2008) to the end of the intervention period (Year 4 
of the study period) will be included in the study. These patients will be identified via ICD-9-CM procedure 
codes listed in Appendix 2. Patients will be excluded if they: have an ICD-9-CM diagnosis code consistent with 
endocarditis; have any documented infection before the surgical procedure; or undergo cardiac transplants or 
cardiac procedures performed using the percutaneous or thorocotomy approach. Patients undergoing hip and 
knee revisions will be excluded since they have a much higher risk of SSI. In addition, patients with 
documented allergies to mupirocin will be excluded. Those with allergies to CHG will not receive the CHG 
bathing, but will not be excluded.   
 
C.5 Order set modification: Initial implementation will involve incorporating checklist items into the electronic 
medical record (CPRS) pre-operative clinic order set (e.g. swab processing, mupirocin and CHG ordering) with 
modifications to the peri-operative antibiotic order sets to include vancomycin added to existing antibiotic 
regimens if the patient is screen positive for MRSA. We have worked closely with Iowa City CPRS developers 
to create templates locally which we will then make available to each site to incorporate into their own CPRS 
system. 
 
C.6 Screening and laboratory methods: Ideally, patients will receive their nasal swab at the beginning of their 
preoperative clinic appointment and polymerase chain reaction (PCR) results will be known in time for patients 
to fill prescriptions for CHG and mupirocin (if needed) before the patient’s appointment has ended. This is 
currently being done at the Iowa City VA by performing PCR on the swabs using the Cepheid Xpert SA Nasal 
Complete PCR machine that can accurately identify MRSA in 60-minutes. We recognize that not all sites will 
have access to the Cepheid PCR Machine. In this case, sites will use the same methods to detect MRSA as 
they use for the MRSA Prevention Initiative (PCR or CHROMagar) and we will work with the VA pharmacy to 
make sure MRSA positive patients receive mupirocin and chlorhexidine prior to their operation. These 
challenges will be identified and addressed as part of the evaluation conducted in Specific Aim 3. 

C.7 Decolonizing agents: MRSA positive patients will receive both 2% mupirocin ointment and CHG from the 
pharmacy to be used for 5 days prior to surgery. As part of a toolkit developed in this study, each site will 
receive educational material targeting both patients and health-care workers including: 1) patient informational 
sheets with instructions for mupirocin and CHG use, 2) a form for patient compliance monitoring for mupirocin 
and CHG during the patient intake on the day of surgery, and 3) a video that instructs nurses in the 
preoperative clinic on how to obtain nasal swabs and educate patients on mupirocin and CHG. MRSA positive 
patients will be instructed to apply mupirocin at home twice per day for 5 days and use CHG (either bottles for 
baths or showers or CHG wipes) once a day for five days. MRSA negative patients will be instructed to use 
CHG the day before and morning of surgery. 

C.8 Preoperative Antibiotics: MRSA negative patients will receive cefazolin prophylaxis. Prophylaxis with 
cefazolin (2 grams received <60 minutes before incision) is recommended by the Surgical Care Improvement 
Project (SCIP) guidelines and the American Society of Health System Pharmacists (ASHP) 2011 guidelines.29 



This is the current standard of care for patients undergoing TJA or cardiac surgery in VAMCs. MRSA positive 
patients will receive vancomycin (1 gram given over 60 minutes as recommended by ASHP) in addition to 
cefazolin (2 grams given <60 minutes before incision). The dual prophylaxis is recommended since 
vancomycin is inferior to cefazolin at preventing MSSA and Gram-negative surgical site infections.32-34 
Preoperative orders for cefazolin with or without vancomycin can be included in CPRS as soon as nasal 
colonization results are known. 
 
Specific Aims 1 and 2: Implement and evaluate the effectiveness and cost-effectiveness of a SSI 
checklist to reduce rates of MRSA SSIs:  

Aim 1. Among patients undergoing TJA surgery, and 
Aim 2. Among patients undergoing cardiac surgery 

 
C.9 Study Design: The quasi-experimental study design was chosen over the individual RCT design because 
we are implementing a SSI checklist at the population-level.52 Two control groups will be utilized to measure 
the benefits of checklist adoption. The first control group will include the 5-year time period prior to checklist 
adoption in all 10 of the facilities under study. The second ‘non-equivalent’ control group will include all VA 
facilities not currently in the study by collecting SSI data through the VA National Surgical Quality Improvement 
Program (VASQIP) during the 8 year period (5 years pre-intervention and 3 years intervention). This will allow 
us to assess for secular trends that might bias our findings.  For example, if SSIs are declining in VA 
independent of our checklist, we will be able to measure if declines after checklist-adoption were similar or 
greater than over-all VA trends. As the VA MRSA initiative began in 2007, we will collect data starting in FY08 
or approximately 5 years prior to implementing the Checklist. 

C.10 Data Sources: Rates of SSIs will be collected for both the pre-intervention and intervention period using 
the data sets described in Table C.2. Rates will be validated using infection control data from all 10 intervention 
sites. We will also work with the infection control practitioners and surgeons at each site to keep track of any 
other SSI prevention initiatives (e.g., change in patient warming protocol) implemented during the study period. 
Additional data from the data sets will be used to statistically adjust for confounding in the time series analysis.  
Table C.2 Summary of Data Sources 
Data Set Description Used to 

Identify 
SSIs? 

Additional Data Collected 

VA National 
Surgical Quality 
Improvement 
Program 
(VASQIP) 

Aim: monitor & improve quality 
of surgical care in VA hospitals 
(data from 129 VAs) 

Yes Sex, transfer status (e.g., nursing home), length 
(time) of operation, Surgical Site Infection Risk Index 
including age, diabetes, dyspnea, use of steroids, 
alcoholism, smoking, recent radiotherapy, American 
Society of Anesthesiologists class, albumin, total 
bilirubin, emergency surgery, complexity, type of 
operation, wound classification59  

VA Continuous 
Improvement in 
Cardiac Surgery 
Program 
(CICSP) 

Clinical surgical registry for 
cardiac procedures (data from 
44 VAs) Merged with VASQIP 
in 2009 

Yes  

VA Inpatient 
Evaluation 
Center (IPEC) 

Centralized infrastructure for 
MRSA coordinators to enter 
data for MRSA Initiative 

Yes Monthly rates of MRSA SSIs 

Veterans’ 
Informatics & 
Computing 
Infrastructure 
(VINCI) 

Patient medical data including 
microbiology lab data 

Yes MRSA colonization, MRSA infections at other site, 
SSI causative organism (MRSA, gram positive, 
gram negative) of each SSI, length of postoperative 
stay, mortality, and readmission 

VA Decision 
Support System 

Includes encounter-specific 
data on costs incurred in the VA 

No Costs associated with SSI 

 
C.11 Data Elements: Data used to assess effectiveness and cost-effectiveness will be collected retrospectively 
from VA resources. We will collect site-specific rates of SSI defined according to the CDC’s National 
Healthcare Safety Network (NHSN) through the VASQIP (including CICSP) data base. VASQIP employs 
trained nurses at each VA site to perform manual chart review to confirm cases of SSI using CDC definitions. 



We will collect SSI numerator and denominator data as collected by the infection control programs at each VA 
in this proposal. Typically cardiac patients are followed for 30 days postoperatively to assess incidence of SSI 
while TJA patients are followed for a year postoperatively due to increased risk of later infections caused by 
implants.  

The primary outcomes will be superficial and deep/organ space MRSA infections within 90-days 
postoperatively. We chose 90-days rather than 1 year since not all patients in the study will be able to be 
followed for 1 year due to the timing of the study. Since we will be able to follow 83% of the cohort for 1-year 
post-operatively, we will perform a secondary analysis in which we will include only patients who were followed 
for one year. However, it is unlikely that the 90-day analysis and 1 year analysis will differ significantly because 
over 75% of SSIs are detected within 30 days,54 in fact most SSI manifest within 22 days.55-57 Additionally, 
other SSI reporting systems such as the National Surgical Quality Improvement Program and the Society of 
Thoracic Surgeons systems employ 30-day postoperative surveillance regardless of implant. Additional 
secondary outcomes are Gram-positive SSI--which includes MSSA, and total SSI.  

Outside of VA, most SSI are missed since they are superficial SSIs that manifest post-discharge in the 
outpatient setting;55,58 however, this is not a significant issue in VA since medical records capture outpatient 
visits. Other secondary outcomes will include compliance with the entire bundle and individual bundle 
components. This will be established electronically, through measurement of mupirocin prescription, CHG 
prescription and swab collection, as well as utilizing the compliance information collected on patient intake on 
the day of surgery. Lastly, we will assess length of postoperative stay, mortality, and readmission.  
 
C.12 Statistical Analysis of Effectiveness: We have written the standard reference for analyzing time-series 
outcome data collected during quasi-experimental studies of infection prevention and quality improvement 
interventions.40 We will utilize our recommended methods, which are similar to methods used in the Pronovost 
checklist study.8 Two control groups will be utilized to decrease the likelihood of bias. First, data on SSI rates 
among the participating VAMCs for five years prior to implementation of the checklist will be collected as a 
historic control group. Second, data on SSI rates for all VAMCs not included in the study will be collected from 
five years prior to the checklist to the end of the study period (non-equivalent controls) for a total of 8 years. 
This second control group will account for secular trends in SSI rates over time. 

First, we will conduct simple tests using Fisher’s exact test to compare pre-intervention MRSA SSI 
incidence rates to post-intervention MRSA SSI rates in the 10 intervention hospitals. This will be done for all 
studied operations, then we will analyze MRSA SSI rates among TJA patients and cardiac patients 
separately. Second, we will perform a similar analysis comparing MRSA SSI rates in the 10 intervention 
hospitals to MRSA SSI rates in the concurrent, nonequivalent control group. Third, we will perform time-series 
analysis. Time-series regression analysis techniques will be used to determine whether implementation of the 
SSI Prevention Checklist is associated with decreased SSI incidence rates that are both statistically significant 
and clinically meaningful. The SSI rates are based on monthly counts, which might be assumed to follow a 
Poisson distribution or a negative binomial distribution. Time series techniques for these distributions have 
been recently developed.60 Such models are fit using the pseudo-likelihood. We will formulate models to 
assess whether the intervention is associated with a decreasing trend in SSI incidence, and if so, to 
characterize the nature of this trend. We will also analyze trends in hospital-specific SSI incidence rates. Post-
intervention SSI counts for individual hospitals could contain a preponderance of zeros. To model count time 
series featuring an excess of zeros, it might be necessary to assume that the counts follow a zero-inflated 
Poisson distribution or zero-inflated negative binomial distribution.  

Table C.3 Power Calculations Based on Conservative Estimates and Estimates from the Meta-Analysis 
 Cardiac Operations 

(n=1,201 per year)a 
TJA Operations 

(n=1,486 per year)b 
Total  

(n=2,687 per year) 
Conservative Power to Reduce MRSA SSIs 
(RR=0.4) 

94% 85% 99% 

Power to Reduce MRSA SSIs Based on Meta-
Analysis (RR=0.24) 

99% 99% 100% 

C.13 Power calculations: Based on MRSA SSI rates from the literature61-63 this study will be sufficiently 
powered (>80%) to detect a relative difference in MRSA SSIs between the pre-intervention (5 years) and 
intervention periods (3 years) corresponding with a relative risk (RR) of 0.4 (2.5 fold decrease) for TJA 
procedures or cardiac procedures. Considering that the pooled RR for the meta-analysis of this bundle was 
0.24 (4-fold decrease), the study should be sufficiently powered to detect a statistically significant decrease in 



MRSA SSIs. See Tables C.1 and C.3 for sample sizes and power estimates. Thus, these studies are 
sufficiently powered to detect an absolute reduction in rates of cardiac MRSA SSIs from 1.15% to 0.46% and in 
rates of TJA MRSA SSIs from 0.70% to 0.28%.  
 
C.14 Product 1:Business Case Analysis/Cost Analysis Given always limited resources, completing the 
necessary economic and business-case analyses will be necessary to drive VA-wide adoption of the proposed 
checklist. Prior studies have shown components of the checklist to be cost-saving or cost-effective in non-VA 
settings6,64 yet no prior studies have assessed the incremental benefit of SSI prevention to universal MRSA 
surveillance on admission as exists in VA. A unique aspect of this proposal is that it includes investigators 
(Perencevich, Vaughn Sarrazin) who have completed such analyses for other clinical scenarios.65-67 Using the 
standard methods described in Dr. Perencevich’s SHEA Guideline outlining optimal methods for completing a 
business-case analysis for infection control interventions,68 we will complete a cost-analysis and cost-
effectiveness analysis of adding the checklist intervention to the extant VA MRSA Initiative. Each analysis will 
be completed from the VA facility perspective. All costs will be presented in constant dollars (e.g. 2014). 
Intervention costs will be estimated using a micro-costing approach, as we have used previously to measure 
the economic impact of surgical infections.58 For example, checklist costs will be determined by counting 
number of additional MRSA screening tests performed, mupirocin prescriptions filled and vancomycin doses 
given per surgery in the intervention period. These will be multiplied by their respective per-unit costs. 

Incremental mortality and costs attributable to deep, superficial, MRSA, MSSA and total SSI will be 
measured using the VA DSS and VASQIP databases, using methods we have previously described.65-67 Linear 
mixed effects models will be used to evaluate costs associated with SSIs, controlling for patient risk factors 
(e.g., American Society of Anesthesiologists [ASA] class, comorbidities) and hospital-level variation in costs. 
Costs of the index hospitalization and subsequent 30-day (and 1-year as a sensitivity analysis) readmissions 
will be included.  

Combining these analyses, we will report a cost per SSI prevented, cost per life-saved, cost per MRSA 
SSI prevented and cost per quality-adjusted life-year (QALY) saved from the VA facility and VISN-level 
perspective using standard reporting recommendations, including a 3% discount weight.69 Utilities will be 
determined based on previously published quality of well-being index weights (e.g. off-the-shelf utilities) on a 
ratio scale in which 0 is death and 1 is perfect health.69 Incremental cost-effectiveness ratios (ICER) will be 
calculated by dividing the difference in costs between the two strategies (checklist vs no-checklist) by the 
difference in effectiveness of the two strategies. $50,000 per QALY will be the base-case threshold for 
determining cost-effectiveness, although other thresholds will be utilized.6 Since there are two control groups in 
our quasi-experimental study, we will complete two analyses. One will use the “before” intervention outcomes 
and costs from the 10 studied VAs and the other will use the outcomes and costs from all non-equivalent VAs 
(ie. all other VAs doing TJA and cardiac surgery during the study period). Sensitivity analyses will be 
performed on all variables to determine the impact that variability or uncertainty in parameter estimates has on 
the calculated ICER. 

Specific Aim 3: To identify and compare barriers and facilitators of implementing the SSI checklist 
across a diverse set of hospitals. 

Prior to the initiation of this proposed research and then during the first 6 months of this proposal, we 
will implement the SSI Checklist at the Iowa City VA. As part of implementation, we will conduct a process 
evaluation, which includes collecting data before, during and after implementation, to examine the contextual 
factors and stakeholder perspectives that influence adoption of the checklist.70 The data collected also will be 
used to inform and modify the ongoing implementation process in order to optimize checklist use. Iowa City VA 
will then serve as a case example of how the SSI Checklist can be implemented across the other 9 sites. 
However, given contextual differences across the study sites, and the unique challenges or strategies that are 
likely to emerge, we will also conduct a process evaluation at 5 other sites. Unlike the process evaluation at the 
Iowa City VA, which will provide rapid and ongoing feedback to assist with the implementation process and is 
extremely resource intensive, this broader process evaluation will be primarily observational in nature. 
Nonetheless, the information that will be obtained is critical for understanding and addressing issues that affect 
checklist adoption as well as informing the development of tools and tactics that can be incorporated as part of 
the checklist implementation toolkit.     

Our evaluation approach will rely heavily on qualitative methods due to the dynamic nature of the 
implementation process, the need for detailed descriptions of process and context, and a desire to understand 
the perspectives of program participants and facilitators.71 As such, attention is paid to the program as it 
unfolds in practice rather than on outcome measures alone.  



The Consolidated Framework for Implementation Research (CFIR) will be used to guide our process 
evaluation and provide the foundation for a systematic evaluation of local contextual factors that influence 
implementation of the SSI Checklist.38 The CFIR will also provide an organizing framework for the interpretive 
evaluation.  Of the five domains described in the CFIR, we will focus on characteristics of the intervention, 
inner setting, and process. In addition to CFIR constructs, we will develop potential themes related to barriers 
and facilitators to checklist implementation a priori and as they arise inductively through the data.  
 
C.15 Phase I: Pre-Implementation Planning: As part of the process evaluation in preparation for 
implementation, Dr. Reisinger and the CADRE Qualitative Core at the Iowa City VAHCS are observing the pre-
operative process at the Iowa City VA. They are observing patients going through pre-operative protocols, 
documenting the processes, and noting any potential barriers to implementing the checklist. They also observe 
SSI checklist planning meetings and record field notes of the observations. Semi-structured interviews with key 
stakeholders (e.g., patients, Chief of Surgery, Chief of Nursing, laboratory personnel, clinic and operating room 
staff) to document and examine facilitators and barriers to implementing the checklist from the stakeholder 
perspectives are also being conducted.  

All interviews will be audiorecorded on digital encrypted recorders or over the phone directly to a secure 
server. They will then be transcribed by our transcribers. All textual data (field notes and transcripts) will then 
be imported into MAXQDA, a qualitative data management and analysis software program.(2010)  
The research study team will review field notes and transcripts and conduct an initial thematic content 
analysis.72,73 We will read a subset of transcripts and generate a preliminary codebook through a series of 
meetings. The thematic codes will include a priori codes for known barriers and facilitators to implementation, 
as well as inductive codes which are likely to emerge during data collection. The codebook will consist of top-
level thematic codes, which will be used to “tag” textual data with the main themes.74 Top-level coding of 
thematic codes allows for comprehensive coding and more rapid turnaround of results, which can then be fed 
back in an iterative fashion to improve the implementation process. Particular attention will be paid to 
organizational and site-specific factors that may impact subsequent implementation. The factors will be 
discussed as a group and ideas for troubleshooting will be developed to improve the ongoing implementation 
effort as well as provide material for the implementation toolkit. We have successfully utilized this entire 
process during the implementation of VA’s PACT (Patient-aligned Care Team, as the patient-centered medical 
home is described in VA) and Tele-ICU interventions within VHA’s VISN-23, among others. This preliminary 
work will, as previously noted, be used as an example to inform subsequent implementation efforts at the other 
sites as well as serve as the model for our process evaluation at the other 5 selected study sites. Specifically, 
the prepatory work at the Iowa City VA will help us to refine our qualitative work and facilitate a more focused 
evaluation process. 

C.16 Phase II: Post-Implementation Feedback and Revision: A similar set of observations and semi-structured 
interviews will be conducted in Years 1 and 3 to track how implementation is progressing and to examine 
facilitators and barriers to the implementation at the different study sites. These process evaluations will take 
place in 3 VISN-23 sites: Minneapolis VAMC, Omaha VAMC, and Iowa City VAMC; and 3 geographically 
diverse sites from other VISNs: Ann Arbor VAMC, Baltimore VAMC, and Portland VAMC.  Data will be 
collected during two site visits to each location (Years 1 and 3) and phone interviews with key informants. 

The guide for these semi-structured interviews will be developed based on the analysis of the pre-
implementation observations and interviews. In addition to interviews with staff, patient interviews also will be 
conducted to evaluate patient perspectives about the checklist processes. In addition, patients will specifically 
be asked about the preoperative educational materials they receive (Table C.4) in an effort to improve their 
content and validity. The team who developed the first codebook will read a subset of the new transcripts and 
revisions to the codebook will be discussed. The revised codebook will be used to code the remaining 
transcripts and facilitate a thematic content analysis to identify critical barriers and facilitators to checklist 
implementation. 

Table C.4: Items Considered for Inclusion in Toolkit 
1. Educational sheets to inform patients on the use of mupirocin and chlorhexidine gluconate (Appendix 1) 
2. A preoperative intake form in CPRS to track of compliance with mupirocin and CHG (Appendix 1) 
3. Descriptions on how to program order sets in CPRS for pre-operative clinical visit MRSA screen test order 
4. Clinical videos and brochures describing benefits and method for prescription of mupirocin and CHG, along with 
    prophylaxis with vancomycin and cefazolin 
5. Detailed description of the SSI Prevention Checklist 

 



Thus, the iterative approach we have described will allow us to confirm key emerging themes related to 
implementation of the checklist as well as identify new issues as the checklist is implemented first in Iowa City 
and then subsequent facilities.  
 
C.17 Product 2: Implementation toolkit for hospitals to enhance adoption of the SSI prevention checklist across 
VHA facilities. A standardized toolkit (Table C.4) for the staff in the preoperative clinic will be created so that all 
study sites will have sufficient resources. A first example of a product to be included in the toolkit is the 
“Preparing for Orthopedic Surgery” instruction sheet developed at Iowa City to be given to all pre-operative 
orthopedic patients.(See Appendix 1) These items will be examined and refined during the study period. Other 
components of the toolkit will be developed during years 1 and 2 as we assess the needs of the sites and the 
barriers to implementation of the SSI Checklist.  
 
C.18 Study Limitations: 1) Study Design: While a well-designed and adequately powered RCT provides the 
most rigorous evidence for the efficacy of a given intervention, many interventions focus on population-level 
strategies and are not amenable to a traditional RCT approach. In addition, the ability of MRSA to spread from 
patient-to-patient would allow for patients individually randomized to the control group to spread MRSA to 
patients randomized to the intervention group. In such situations, alternatives to RCTs are needed. One cost-
prohibitive alternative is the cluster-randomized trial (CRT), which involves randomization at different levels 
(e.g., individual hospitals). These trials are complicated and costly, so they are infrequently completed. For 
example, Dr. Perencevich is a co-investigator on a 20-ICU CRT assessing the efficacy of mandatory gown and 
glove wearing for all ICU patients. This one-year AHRQ-funded CRT (PI: Harris) has a total cost of $5.7 million. 
A high-quality quasi-experimental study design is a less expensive and more feasible alternative to RCTs and 
CRTs, while benefiting from the high external validity (generalizability) that is typical of a well-designed quasi-
experimental study. 2) Data for control groups: It is possible that we will be able to collect better data on 
SSIs during the prospective intervention period than for the 2 control groups. However, this would result in 
more SSIs identified during the intervention period which would bias the study results toward the null. To 
address this, we will perform a subset or sensitivity analysis in which we only compare SSI rates collected 
uniformly through the VASQIP, IPEC and VINCI databases.  
 
C.19 Summary: We aim to implement a checklist to reduce MRSA SSIs among Veterans undergoing cardiac 
and orthopedic operations. Not only will we evaluate the effectiveness and cost-effectiveness of this checklist, 
we will also evaluate barriers and facilitators to optimal implementation of the checklist. Our implementation 
toolkit will then be modified to overcome the implementation barriers. At the end of this study period, we plan to 
meet with our operational partners including NIDS, MDRO, COHIC in order to discuss implementing this 
checklist nationwide as part of the VA MRSA Prevention Initiative.(Table C.5) This study has high potential to 
significantly decrease SSI, and in turn morbidity and mortality due to SSIs, in our Nation’s Veterans.  

Table C.5: GANTT Chart 

 

Project Tasks Pre-Start
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Roll-in Period
Obtain IRB Approval
Site Recruitment
Hire research assistant for each site
Implementation at ICVAHCS
Roll-in Period for Other 9 Sites
Full Implementation at other 9 study sites
Training Calls for All Sites
Specific Aims 1 and 2
Collect pre-intervention retrospective SSI data for all 10 study sites
Collect post-intervention prospective SSI data for all 10 study sites
Collect SSI data for all nonparticipating sites via VINCI
Complete patient follow-up
Specific Aim 3
Formative evaluations
Toolkit Creation and Modification
Analysis and Dissemination
Data analysis
Present results at national meetings
Publish results in scientific journals
Quarterly Advisory Panel Meetings
Implementation & Dissemination Advisory Committee Meetings
Implement SSI Checklist with organizational partners

Post-GrantYear 4Year 3Year 2Year 1
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