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1.0  Study Summary 
Title Swab Testing to Optimize Pneumonia treatment with empiric Vancomycin (STOP-Vanc) 

Methodology Single center, pragmatic, randomized clinical trial (pRCT) 

Study Center Vanderbilt University Medical Center (VUMC) 

Primary Aim 
To examine whether reporting the results of a negative rapid PCR back to the provider 
via a pager alert results in decreased vancomycin utilization for critically ill adults with 
community-acquired pneumonia when compared with usual care. 

Inclusion and 
Exclusion 
Criteria 

Inclusion criteria 
- Adult (age greater than or equal to 18) patients admitted/transferred to the 

Vanderbilt University Medical Center (VUMC) Medical Intensive Care Unit 
(MICU) from the VUMC Emergency Department or from a hospital floor within 
48 hours of admission. 

- Suspicion for CAP (defined as an indication for antibiotics of a “respiratory 
infection” and/or an order for a respiratory culture i.e., sputum culture, 
tracheal aspirate culture, or bronchoalveolar lavage (BAL) culture). 

- No topical nasal decolonization during hospitalization prior to collection of 
MRSA nasal swab PCR. 

- Must match both of the following in either order: 
o The patient has been admitted to and physically located in the MICU. 
o The patient has received a continuing vancomycin order, or a 

pharmacokinetics consult for a continuing vancomycin order, no later 
than 24 hours following their physical admission to the MICU. 

 

Exclusion criteria 
- Hospital stay of longer than 48 hours prior to MICU admission.  
- Known to be a prisoner 

Study 
Intervention 

Patients eligible for this study will then be randomized in a 1:1 ratio for the results of 
the MRSA nasal swab PCR to be transmitted through the electronic health record (EHR) 
to the treating clinicians (intervention group), or not (control group). For the patients 
assigned to the intervention group who have a negative MRSA nasal swab PCR result, a 
provider pager alert will direct clinicians to clinical guidance recommending 
discontinuing vancomycin, if clinically appropriate. 

Primary 
Outcome 

Vancomycin-free hours alive, defined as the number of hours alive and free of the use 
of vancomycin within the first seven days following enrollment in the trial. 

Secondary 
Outcomes 

30-day all-cause mortality  
Time Alive off Vancomycin 
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2.0  Background 
Methicillin-resistant Staphylococcus aureus (MRSA) is a critical antimicrobial resistant threat 

responsible for greater than 300,000 inpatient infections and 15,000 deaths per year in the 

United States (1, 2). Community-acquired pneumonia (CAP) is a major driver of hospital 

antibiotic use. Nationally, there are around 600,000 CAP-related hospital admissions annually. 

However, MRSA is an infrequent cause of community-acquired pneumonia (CAP), accounting 

for less than 1% of cases (3). Despite this, MRSA is a frequently feared cause of CAP, which 

leads to the frequent use of vancomycin, an anti-MRSA antibiotic, in empiric CAP treatment.  

At VUMC, vancomycin is the most commonly used antimicrobial overall. A VUMC vancomycin 

medication use evaluation (MUE) of >11,000 hospitalizations found that if stopped after three 

days without a positive culture, VUH empiric vancomycin use would decrease by 61%. There is 

disproportionately high vancomycin use compared to the prevalence of MRSA at VUMC (2.7% 

in the ICU, 0.7% overall) (3). 

Inappropriate antibiotic use can lead to avoidable adverse drug events and costs, as well as 

drive antimicrobial resistance. Empiric vancomycin use in patients hospitalized for pneumonia 

has demonstrated increased mortality, acute kidney injury (AKI), and secondary infections (4). 

The use of vancomycin is unfortunately associated with a high risk for toxicity and serious 

adverse events. Up to two-thirds of patients receiving high dose vancomycin develop AKI (5, 6). 

Additionally, bone marrow suppression, linear IgA bullous dermatosis, anaphylaxis, and life-

threatening hypersensitivity reactions are seen with vancomycin use (7-10). Furthermore, 

vancomycin is a costly antibiotic to use in the hospital as it requires careful monitoring due to 

its narrow therapeutic range and high risk of toxicity (11). Annually, VUMC spends more than 

$610,000 on vancomycin, about 10% of total antimicrobial expenditures, making it the single 

most costly antimicrobial. Therefore, reducing inappropriate use of vancomycin in patients with 

CAP has the potential to improve patient outcomes while at the same time providing overall 

cost savings.  

There is growing data to support the use of MRSA nasal swabs as a screening method to guide 

de-escalation of vancomycin use in CAP. A 2018 meta-analysis found using nasal swabs for 

MRSA screening had an overall 96.5% negative predictive value (NPV) for pneumonia, which 

was increased to 98.1% among patients with CAP or Healthcare-associated pneumonia (HCAP) 

(12).  Multiple retrospective studies along with one prospective study utilizing MRSA nasal 

swab-based de-escalation protocols have shown MRSA nasal swab use to be effective in 

decreasing vancomycin use and associated costs without having any negative effects on patient 

outcomes (13-21). Among these studies, significant decreases in hospital length of stay (13) and 

rate of AKI (19) have been shown. Furthermore, the use of MRSA detection in nasal swabs is 

now consistent with guideline-based management of CAP (22). However, all the 

aforementioned studies are quasi-experimental analyses. To date there are no randomized 

controlled studies of the use of MRSA nasal swab guided antibiotic de-escalation.  
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3.0  Rational and Specific Aims 
Our primary aim is to determine the effect of implementing MRSA PCR nasal swabs with 

rapid return of results via a pager alert which will inform the physicians of the result and 

direct them to clinical guidance on the use of vancomycin in cases of community-acquired 

pneumonia. We hypothesize that implementation of this screening in conjunction with 

antimicrobial stewardship guidance on interpretation of the results will lead to reduced use 

of vancomycin. Furthermore, as secondary aims we anticipate a reduction in vancomycin-

associated adverse events and an overall cost-savings, all without increasing mortality or 

hospital readmissions.
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4.0  Study Design 
This is a single center, pragmatic, randomized clinical trial (pRCT) examining whether 

reporting the results of a negative rapid PCR back to the provider via a pager alert results in 

decreased vancomycin utilization for critically ill adults with community-acquired 

pneumonia when compared with usual care. Patients eligible for this study and randomized 

to the intervention arm, will have a nasal swab collected and sent to the clinical laboratory 

for the MRSA nasal swab PCR test to be run. Eligible patients who are randomized to the 

control arm will not have a nasal swab collected. Patients eligible for this study will be 

randomized in a 1:1 ratio for the results of the MRSA nasal swab PCR transmitted through 

the electronic health record (EHR) to the treating clinicians (intervention group). For the 

patients assigned to the intervention group who have a negative MRSA nasal swab PCR 

result, providers will receive a pager alert which inform them of the negative result and will 

direct clinicians to clinical guidance recommending clinicians to discontinue vancomycin, if 

clinically appropriate. Intervention will solely involve providing the aforementioned test 

result along with antimicrobial stewardship guidance via the Vanderbilt Antimicrobial 

Stewardship Program (VASP) CAP guidelines. The decisions regarding ordering or 

discontinuation of antibiotics will be ultimately at the discretion of the treating provider. 

Data will be collected prospectively from the medical record to determine the effect of the 

assigned intervention on outcomes.
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5.0  Inclusion/Exclusion Criteria 

5.1 Inclusion criteria 

• Adult (age greater than or equal to 18) patients admitted/transferred to the 
Vanderbilt University Medical Center (VUMC) Medical Intensive Care Unit (MICU) 
from the VUMC Emergency Department or from a hospital floor within 48 hours of 
admission. 

• Suspicion for pneumonia on admission (defined as an indication for antibiotics of 
“respiratory infection” and/or an order for a respiratory culture i.e., sputum culture, 
tracheal aspirate culture, or bronchoalveolar lavage (BAL) culture). 

• No topical nasal decolonization during hospitalization prior to collection of MRSA 
nasal swab PCR. 

• Must match both of the following in either order: 
o The patient has been admitted to and physically located in the MICU. 

o The patient has received a continuing vancomycin order, or a pharmacokinetics 

consult for a continuing vancomycin order, no later than 24 hours following their 

physical admission to the MICU. 

 

5.2 Exclusion criteria 

• Hospital stay of longer than 48 hours prior to MICU admission. 

• Known to be a prisoner 
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6.0  Enrollment/Randomization 
6.1 Study Sites 

This study will be conducted solely in the VUMC MICU. 

 

6.2 Study Population 

Adult (age greater than or equal to 18) patients admitted/transferred to the VUMC 

Medical Intensive Care Unit who are receiving vancomycin for CAP. All eligible 

patients will be included and there will be no selection based on gender, race, 

weight, or other clinical factors.  

 

6.3 Enrollment 

Patients will automatically be considered for enrollment either upon transfer to the 

MICU with an order for “pharmacy consult for vancomycin dosing” already in place, 

or if an order for vancomycin and/or a “pharmacy consult for vancomycin dosing” 

order is placed (within 24 hours of admission to unit) for a patient located in the 

MICU, who has not received any topical nasal decolonization during the 

hospitalization prior to collection of MRSA nasal swab PCR. The reasons for 

ineligibility of patients screened but not enrolled will be recorded.  

 

6.4 Consent 

The decision to initiate and continue empiric vancomycin is currently done at the 

discretion of the patient’s provider, who takes into account a multitude of factors 

including the patient’s clinical status, history, and available test results. While some 

observational studies suggest the use of a rapid PCR-based MRSA nasal swabs 

improve outcomes beyond just improving antimicrobial stewardship, this has not yet 

been examined by a RCT. As there is very little potential harm in obtaining a nasal 

swab, and the intervention in this trial would solely be to provide clinical guidance, 

we feel that there is minimal risk involved in this study. The use of a nasal swab to 

test for MRSA is minimal risk as a nasal swab is not considered an invasive test. 

Patients in the ICU receive twice daily nasal swabs for nasal decolonization while in 

the ICU as part of routine clinical practice. The risk to patients from the nasal swabs 

to detect MRSA is less than the risk from the routine nasal decolonization swabs as 

the swabs for MRSA detection do not contain any drugs. These routine nasal 

decolonization swabs are done as part of regular care without written consent from 

patients. Patients will have the same rights to refuse nasal MRSA swabs similar to 

their ability to refuse the routine nasal decolonization. In addition, this study is also 

minimal risk because it does not make any decisions regarding the treatments 

offered to patients. Instead, it only provides information and antimicrobial 

stewardship guidance to patient’s providers who retain complete authority over 

what is the appropriate care for their patients.  
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In addition to the minimal risk posed by the study, obtaining informed consent prior 

to enrollment in this study would not be feasible or practicable for multiple reasons:  

 

1) The potential benefit of MRSA screening is dependent on early, rapid testing to 

generate results that are readily available to help guide the providers' decisions. This 

means that the swab must be ordered immediately at the time that the ICU provider 

decides to start or continue antibiotics, and prior to routine decolonization that is 

performed in all patients admitted to the ICUs at Vanderbilt University Medical 

Center. This event typically occurs simultaneously with a patient's arrival to the ICU. 

If the decision to obtain a MRSA nares swab is delayed until written consent is 

acquired, it would be too late to study its effect.  

2) The MRSA nasal swabs are only considered valid if they are collected prior to 

nasal decolonization. Since nasal decolonization with the use of nasal swabs occurs 

regularly twice a day in all ICU patients, at VUMC, and most critically ill patients are 

temporarily cognitively impaired due to their critical illness, it would not be possible 

to obtain written consent prior to decolonization in most cases.  

3) The goal of the study is to test whether the use of a MRSA nares swab would 

reduce the length of time that patients receive unnecessary antibiotics, it must be 

done at the same time as the decision to start or continue antibiotics is made.  Since 

the use of antibiotics in the ICU patient is an urgent intervention in many patients, it 

would be inappropriate to delay the receipt of antibiotics in some of the most 

critically ill patients in order to get written consent.  

4) The decision to initiate antibiotics is often made when patients are critically ill and 

unable to consent for themselves, therefore it would often not be feasible to obtain 

consent from a patient or their representative at the time at which the MRSA nasal 

swab would need to be performed.  

5) Consenting the participants may prompt either the clinical team or the participant 

to order (or ask for) the MRSA nasal swab in patients randomized to the control arm 

(and thus, randomized not to receive the nasal swab prior to decolonization). This 

would potentially lead the clinical team to order the MRSA nasal swab prior to 

decolonization in the control arm as well, which would not allow the study team to 

truly evaluate the role of an admission nasal swab in reducing vancomycin use. This 

contamination of the control arm would bias the study results to not being able to 

see the effect of the use of these MRSA nasal swabs prior to decolonization on 

vancomycin use. 

 

For all of these reasons, this study could not be done practicably without a waiver of 

consent, and it would be impractical to obtain written informed consent. Therefore, 

given that this study presents minimal risk, it would not adversely affect the welfare 

or privacy rights of the participant, and it would be impracticable to obtain consent, 

we will request a waiver of informed consent.  
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6.5 Randomization 

Eligible patients will be automatically enrolled in this study and randomized in a 1:1 
fashion to either the control or the study group.
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7.0  Study Procedures 

7.1 EMR based screening for eligible patients 

When an order for vancomycin or a consult for “pharmacy to dose vancomycin” is 

placed for a patient located in the MICU, or a patient is transferred to the MICU with 

an order for “pharmacy to dose vancomycin” already present, a software application 

in the electronic medical record (EMR) will automatically assess a patient’s eligibility 

for this study based on whether they meet the inclusion criteria and assuming they 

do not meet any of the exclusion criteria. 

 

7.2 MRSA nasal swab PCR testing 

For patients who meet the study criteria, as outlined above, and are randomized to 

the intervention arm of the study, a MRSA nasal swab will be collected on admission 

to the MICU prior to topical nasal decolonization. Then a PCR test will be ordered to 

be run on the collected MRSA nasal swab (no order will be placed for PCR testing 

and no nasal swabs will be collected on patients enrolled in the control arm). 

Patients will be randomized in a 1:1 fashion on an individual patient level. For 

patient’s randomized to the intervention group, once the MRSA nasal swab PCR has 

been completed, the results will be available in the EMR along with antimicrobial 

stewardship program guidance as outlined below. 

 

7.3 Pager/EMR based antimicrobial stewardship program guidance 

For patients in the study group with a negative MRSA nasal swab PCR, a pager alert 

will be sent to the patient’s primary team. The pager alert will inform the provider of 

the negative test result and will direct them to the VASP CAP guidelines where they 

will receive further clinical guidance recommending the provider consider 

discontinuing vancomycin.  

 

A sample pager alert text is included below: 

 

“FIRST/MIDDLE/LAST INITIALS ROOM #: MRSA NASAL PCR is NEGATIVE, the presence 

of MRSA pneumonia is UNLIKELY. If vancomycin is for empiric pneumonia treatment, 

consider DISCONTINUING VANCOMYCIN. See VASP website: bit.ly/VUMC-CAP for 

more information.” 

 

7.4 Pharmacist-reinforced education 

In addition to the direct, instantaneous antimicrobial stewardship guidance to be 

delivered through a pager alert as outlined above, general education about the use 

of MRSA nasal swab PCR testing to guide de-escalation of empiric vancomycin will 
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be provided by the MICU pharmacist when a patient with a negative MRSA nasal 

swab PCR is continued on vancomycin. 

 

7.5 Blinding 

Given that this study relies on using diagnostic testing to provide guidance to 

providers, it is not feasible to blind providers in this study. Likewise, patients will not 

be explicitly blinded as this would not be feasible if the patient’s providers must 

discuss their rationale for discontinuing or continuing antibiotics as part of informed, 

shared decision making. 
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8.0  Data Collection 
For each study subject in the intervention arm, the following test(s) will be performed: 

- MRSA nasal swab PCR 
 

For each study subject in the control arm, the following test(s) will be performed: 

-  None 
 

For each study subject, the following data may be collected from the EMR:  

- Age 

- Sex 

- Race (allow missingness/multiple) 

- Ethnicity (allow missingness/multiple) 

- Height (m)/weight (kg)/BMI 

- Elixhauser comorbidity index 

- Baseline CKD 

- ESRD status at time of admission 

- Immunocompromised/immunosuppressed status (HIV, solid organ transplant 
recipient, stem cell transplant recipient) 

- Reference Creatinine - Defined as the most recent creatinine obtained since 
admission but prior to the administration of the first dose of vancomycin. If no value 
exists than the most immediate creatinine following the administration of 
vancomycin will be used 

- Date/Time of presentation to VUMC 

- Date/Time of admission to MICU 

- Date/Time of administration of first dose of vancomycin 

- Date/Time of administration of last dose of vancomycin 

- Date/Time "Pharmacy consult for vancomycin dosing" order placed 

- Date/Time "Pharmacy consult for vancomycin dosing" order discontinued 

- Date/Time vancomycin order restarted 

- Number of doses of vancomycin received within 14 days of enrollment 

- Date/Time of vancomycin doses within 14 days of enrollment 

- Values of doses of vancomycin received within 14 days of enrollment 

- Number of vancomycin levels drawn within 14 days of enrollment 

- Date/Time of vancomycin levels within 14 days of enrollment 

- Date/Time of topical nasal decolonization 

- Date/Time of MRSA nasal swab order placed 

- Date/Time of collection of MRSA nasal swab sample (if applicable) 

- Date/Time of MRSA nasal swab PCR result (if applicable) 

- MRSA nasal swab results (positive or negative) (if applicable) 

- Date/Time of transfer out of MICU 

- Date/Time of discharge 

- Status (alive or dead) on discharge 
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- Receipt of antibiotics at discharge 

- Date/Time of any oral or IV antibiotic doses 48 hours prior to enrollment through 
hospital discharge or 14 days post-enrollment, whichever is sooner 

- Name of any oral or IV antibiotic administered 48 hours prior to enrollment through 
hospital discharge or 14 days post-enrollment, whichever is sooner 

- Route of administration of any oral or IV antibiotic received 48 hours prior to 
enrollment through hospital discharge or 14 days post-enrollment, whichever is 
sooner 

- Date/Time of any parenteral antibiotic 48 hours prior to enrollment through hospital 
discharge or 14 days post-enrollment, whichever is sooner 

- Name of any parenteral antibiotic administered 48 hours prior to enrollment 
through hospital discharge or 14 days post-enrollment, whichever is sooner 

- Route of administration of any parenteral antibiotic received 48 hours prior to 
enrollment through hospital discharge or 14 days post-enrollment, whichever is 
sooner 

- Date/Time of any doses of linezolid received 48 hours prior to enrollment through 
hospital discharge or 14 days post-enrollment, whichever is sooner 

- Date/Time of any doses of ceftaroline received 48 hours prior to enrollment through 
hospital discharge or 14 days post-enrollment, whichever is sooner 

- Status (alive or dead) at 30 days 

- SOFA score upon ICU admission 

- Baseline respiratory support status 

- Whether patient required intubation at any point during hospitalization 

- Whether patient required vasopressors at any point during hospitalization 

- All-cause readmission within 30 days 

- Peak creatinine level within 14 days of enrollment 

- Respiratory culture (sputum culture, tracheal aspirate culture, or BAL culture) results 
from cultures collected from admission to VUMC to 7 days after enrollment  

- Blood culture results from cultures collected from admission to VUMC to 7 days 
after enrollment  

 

The following study variables will be calculated: 

- Vancomycin-free hours alive  
o The number of hours alive and free of the use of vancomycin within the first 

168 hours (seven days) following enrollment in the trial.  

- Length of stay (LOS) 
o Difference in days from date of presentation to VUMC to date of discharge, 

inclusive of first and last dates. 

- Total ICU LOS 

o Total Difference in hours from time of admission to MICU to transfer out of 
MICU (summed if multiple separate transfers to MICU during the same 
hospitalization). 

- Time Alive off Vancomycin 
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o The number of hours out of the 168 hours (7 days) following enrollment in 
the trial that the patient is alive and not receiving vancomycin. Time 
receiving vancomycin will be defined as the difference from time of 
administration of the first dose of vancomycin to time of administration of 
the last dose of vancomycin. If the patient was discharged prior to study day 
7 and received vancomycin within 24 hours of discharge then the total 
duration of vancomycin will be calculated based on the anticipated last day 
of vancomycin at the time of discharge or else by using study day 7 as an end 
point, whichever is sooner. 

- Total duration of antibiotic exposure 

o Difference in days from time of first dose of any oral or IV antibiotic to the 

last dose of antibiotics. If the patient was discharged prior to study day 14 

and received antibiotics within 24 hours of discharge then the total duration 

of antibiotics will be calculated based on the anticipated last day of 

antibiotics at the time of discharge or else by using study day 14 as an end 

point, whichever is sooner. 

- Total duration of parenteral antibiotic exposure 

o Difference in days from time of first dose of any parenteral antibiotic to the 

last dose of parenteral antibiotics, inclusive of first and last dates. If the 

patient was discharged prior to study day 14 and had received parenteral 

antibiotics within 24 hours of discharge then the total duration of parenteral 

antibiotics will be calculated based on the anticipated last day of parenteral 

antibiotics at the time of discharge or else by using study day 14 as an end 

point, whichever is sooner. 

- Receipt of any alternative non-vancomycin anti-MRSA pneumonia antibiotics 

o Defined as linezolid or ceftaroline (daptomycin excluded given inappropriate 

antibiotic selection for pneumonia). 

- Ventilator-free days 

o Defined as the number of days out of the 14 days following enrollment in the 

trial that the patient is alive and not intubated.  

- Total cost of vancomycin use 

o Defined as the estimated cost of vancomycin administration as a composite 

of cost of drug, cost of associated laboratory testing, and cost of pharmacy 

services required to provide dosing. 

- AKI 

o Defined as an increase in creatinine to ≥ 1.5 times the reference creatinine 

level or an increase by ≥ 0.3 mg/dL within 14 days of study enrollment. 

Excludes patients who have ESRD prior to study enrollment. 

- In-hospital all-cause mortality 

o Defined as mortality at any point during the hospital stay prior to discharge. 

- Predictive value/concordance with final culture-based results 
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o Among patients with both a MRSA nasal swab PCR and a respiratory culture 

at any point from admission to 7 days after study enrollment, percentage of 

patients with a positive MRSA nasal swab PCR who also had any respiratory 

culture during the first 7 days after study enrollment that was positive for 

MRSA (Positive Predictive Value) and percentage of patients with a negative 

MRSA nasal swab PCR who also had any respiratory culture during the first 7 

days after study enrollment that negative for MRSA (Negative Predictive 

Value).
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9.0  Risks and Benefits 

9.1 Risks 

Given that the only test that will be performed solely for this study is a nasal swab, 
there is very little direct risk of harm. It is unlikely, however not impossible, that the 
use of the MRSA nasal swab PCR results to guide vancomycin use will result in 
inappropriate discontinuation of vancomycin in a patient with MRSA pneumonia. 
Any risks associated with the receipt of vancomycin would be in line with the 
standard treatment practices, and not be a result of this study. 
 
Given the collection of protected health information (PHI) for this study, there is the 
potential for a breach of confidentiality. To mitigate that risk, a minimal amount of 
PHI will be collected and will be stored in a secure online REDCap database. Only Key 
Study Personnel will have access to this database containing PHI. Once the data 
collection period is complete, a research database will be created for data analysis 
and will be stored on a password protected VUMC server. After data analysis is 
complete, PHI will no longer be accessed. 

 

9.2 Benefits 

This study has the potential to provide a direct benefit to patients by potentially 

leading to earlier discontinuation of unnecessary antibiotics and thereby decreasing 

the risk of adverse events. Furthermore, this study will provide a societal benefit by 

determining the potential merits of implementation of a PCR-based nasal swab 

screening test. 
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10.0 Reporting of Adverse Events or Unanticipated Problems 
As this study will only utilize diagnostic testing to provide guidance and does not involve 

any specific treatment or procedural intervention, we do not anticipate any adverse 

events (AE) related to this study. However, for the purpose of this study, an AE would 

entail any instance where vancomycin was discontinued based on the results of false 

negative PCR testing (defined for this study as a negative MRSA nasal swab in instances 

where a patient is subsequently determined to have a MRSA CAP as evidenced by 

growth of MRSA from a bacterial blood or respiratory culture collected within 48 hours 

of the MRSA nasal swab). In particular, any AE which results in or is associated with 

death, is life-threatening, prolongs hospitalization, or triggers a medical event or 

intervention to prevent one of these from occurring, will be considered a serious AE 

(SAE). If any AEs are identified, study personnel will monitor the safety of subjects and 

follow the AE until the event resolves or is explained. 

 

In order to ensure proper and timely reporting of all adverse events, there will be a clear 

communication plan for all study personnel to follow. Related or unexpected AEs will be 

recorded in the AE CRF in the electronic database and reported to the PI within 5 days of 

occurrence. The PI will provide a report of all related or unexpected AEs that occur 

annually to the IRB as part of the annual review process. All related or unexpected SAEs 

will be reported to the PI within 72 hours of occurrence. The PI will, in turn, report all 

unexpected deaths, serious and treatment related adverse events, and serious and 

unexpected suspected adverse reactions to the IRB within 7 days after receipt of the 

report. A written report will be sent to the IRB within 15 calendar days.  
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11.0 Study Withdrawal/Discontinuation 
Patients can be withdrawn from the study if it is retrospectively determined that they 
did not meet the inclusion criteria or met one of the exclusion criteria. Patients can also 
be withdrawn if it is determined that there was a significant protocol violation. All 
withdrawals and the indication for withdrawal will be recorded in the study records. 
Additionally, follow-up will continue if a patient is withdrawn after the nasal swab test 
results are reported in order to identify if there are any AEs from false negative PCR 
testing. 
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12.0 Statistical Considerations 
12.1 Statistical analysis 

Regarding statistical analysis procedures, the statistical analysis plan supersedes the 

methods described in this protocol. Primary and secondary outcomes will be 

analyzed using an intention-to-treat analysis. The primary outcome for this study will 

be number of hours alive and free of the use of vancomycin in the 7 days following 

enrollment. This outcome will be compared between study arms using a longitudinal 

proportional odds model, with adjustment for baseline covariates. The outcome is 

derived from a longitudinal model of hourly patient status in order to handle death 

as an absorbing (terminal) state. Secondary and exploratory outcomes will also be 

modeled using the flexible family of generalized linear models with similar covariate 

adjustment. Fidelity to obtaining nasal swabs, running and reporting the rapid PCR 

results, and sending the pager alert to the clinical team will be evaluated. The 

potential for differential treatment effects based on fidelity to the expected process 

of care may be explored.  

 

12.2 Sample size calculations 

A 24-hour reduction is considered clinically meaningful.  

 

To overcome challenges with mortality, which we estimate to be 22% within 8 days, 

we will calculate ‘Vancomycin-free hours alive’ as the number of hours alive and free 

of the use of vancomycin within the first seven days of study enrollment. This results 

in a scale that is best analyzed with a proportional odds model and treatment effect 

can be summarized as a common odds ratio.  

 

In those who do not die, it is estimated that the relative frequencies for all possible 

outcomes will be equal to 0.023, 0.008, 0.019, 0.027, 0.095, 0.125, 0.224, 0.262 (for 

0 to 7 Vancomycin-free days). Given this distribution, and an assumption of 22% 

mortality, an overall 24-hour increase in mean ‘Vancomycin-free hours alive’ would 

be associated with a common odds ratio for a proportional odds logistic model of 

about 2.2. To detect this difference with 90% power would require about 106 

subjects per study group.   

 

Near the midpoint of the trial, we determined a subset of patients (approximately 

12% while being blinded to results) who had a MRSA PCR swab ordered prior to 

enrollment, and another subset of patients (approximately 3%) who had been co-

enrolled in a similar VUMC study evaluating vancomycin use. As these two 

populations could influence vancomycin use in both the control and intervention 

arms of the current study, we increased the sample size to account for this 

contamination, plus one additional patient to account for an instance of mis-
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enrollment where the patient did not have an order placed for vancomycin. Based 

on current incidence rates, the estimated sample size to account for these groups 

would be 246 patients, with 123 patients per arm. However, as the final percent 

contamination of these two subgroups within the study’s patient population may 

fluctuate over the remainder of the study period, additional patients will be enrolled 

as appropriate until the lowest enrolled arm reaches 106 patients in the adjusted 

cohort, up to a maximum of 300 patients. 

 

12.3 Baseline Characteristics 

Baseline characteristics regarding subjects in the study including demographics (age, 

sex), immunocompromised/immunosuppressed status, pre-existing chronic kidney 

disease (CKD) or end stage renal disease (ESRD), severity of illness (SOFA score, 

requirement for supplemental oxygen and/or intubation), and diagnostic 

microbiological workup (number of blood cultures, respiratory cultures, and other 

respiratory pathogen specific tests ordered per person) will be reported to 

determine the effectiveness of randomization. 

 

12.4 Primary Outcome 

The primary outcome for this study will be Vancomycin-free hours alive, defined as 

the number of hours out of the seven days following enrollment in the trial that the 

patient is alive and not receiving vancomycin. Vancomycin-free hours alive will be 

analyzed using an intention-to-treat analysis and will use a first-order Markov 

ordinal longitudinal proportional odds state transition model with three levels of 

patient status assessed hourly for 7 days (168 hours). The Markov ordinal model will 

be used to estimate hourly probabilities of being in any of the three states, and 

these are summed to estimate mean hours within a chosen state such as alive and 

vancomycin-free.  Vancomycin-free hours alive is not computed on a per-patient 

basis. 
 

12.5 Secondary Outcomes 

Multiple secondary outcomes will be evaluated including: 

o Time Alive off Vancomycin- The number of hours out of the 168 
hours (7 days) following enrollment in the trial that the patient is 
alive and not receiving vancomycin. Time receiving vancomycin will 
be defined as the difference from time of administration of the first 
dose of vancomycin to time of administration of the last dose of 
vancomycin. If the patient was discharged prior to study day 7 and 
received vancomycin within 24 hours of discharge then the total 
duration of vancomycin will be calculated based on the anticipated 
last day of vancomycin at the time of discharge or else by using 
study day 7 as an end point, whichever is sooner. 
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o 30-day all-cause mortality- Defined as mortality within 30 days with 

date of study enrollment as day 0. 
 

12.6 Exploratory Outcomes 

Multiple exploratory outcomes will be evaluated including: 

o Length of stay (LOS)- Defined as the difference in days from date of 

presentation to VUMC to the date of discharge, inclusive of first and 

last dates. 

o Total ICU LOS- Defined as the difference in hours from time of 
admission to MICU to transfer out of MICU (summed if multiple 
separate transfers to MICU during the same hospitalization). 

o Total duration of antibiotic exposure- Difference in days from time 

of first dose of any oral or IV antibiotic to the last dose of 

antibiotics, inclusive of first and last dates. If the patient was 

discharged prior to study day 14 and received antibiotics within 24 

hours of discharge then the total duration of antibiotics will be 

calculated based on the anticipated last day of antibiotics at the 

time of discharge or else by using study day 14 as an end point, 

whichever is sooner. 

o Total duration of parenteral antibiotic exposure- Difference in days 

from time of first dose of any parenteral antibiotic to the last dose 

of parenteral antibiotics, inclusive of first and last dates. If the 

patient was discharged prior to study day 14 and had received 

parenteral antibiotics within 24 hours of discharge then the total 

duration of parenteral antibiotics will be calculated based on the 

anticipated last day of parenteral antibiotics at the time of 

discharge or else by using study day 14 as an end point, whichever 

is sooner. 

o Ventilator-free days- Defined as the number of days out of the 14 

days following enrollment in the trial that the patient is alive and 

not intubated.  

o Total cost of vancomycin use- Defined as the estimated cost of 

vancomycin administration as a composite of cost of drug, cost of 

associated laboratory testing, and cost of pharmacy services 

required to provide dosing. 

o AKI- Defined as an increase in creatinine to ≥ 1.5 times the 

reference creatinine level or an increase by ≥ 0.3 mg/dL within 14 

days of study enrollment. Excludes patients who have ESRD prior to 

study enrollment. 

o Receipt of any alternative non-vancomycin anti-MRSA pneumonia 

antibiotics- Defined as receipt of linezolid or ceftaroline during 
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hospitalization (daptomycin excluded given inappropriate antibiotic 

selection for pneumonia). 

o In-hospital all-cause mortality- Defined as mortality at any point 

during the hospital stay prior to discharge. 

o Predictive value/concordance with final culture-based results- 

Among patients with both a MRSA nasal swab PCR and a respiratory 

culture at any point from admission to 7 days after study 

enrollment, percentage of patients with a positive MRSA nasal swab 

PCR who also had any respiratory culture during the first 7 days 

after study enrollment that was positive for MRSA (Positive 

Predictive Value) and percentage of patients with a negative MRSA 

nasal swab PCR who also had any respiratory culture during the first 

7 days after study enrollment that was negative for MRSA (Negative 

Predictive Value). 

 

Statistically significant differences in secondary and exploratory outcomes will be 

calculated using either the Wilcoxon-Mann-Whitney non-parametric test for 

differences, the Chi-squared test, or Cox proportional hazards model with 

consideration given to the competing risk of mortality, whenever appropriate.
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13.0 Privacy/Confidentiality Issues 
A minimal amount of PHI will be collected. PHI will be stored in a secure online REDCap 
database. Only Key Study Personnel will have access to this database containing PHI. Once the 
data collection period is complete, a de-identified research database will be created for data 
analysis and will be stored on a password protected VUMC server indefinitely. After data 
analysis is complete, PHI will no longer be accessed.
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14.0 Follow-up and Record Retention 
Patients will be followed for 30 days or until hospital discharge, whichever is longer. PHI will be 
stored in a secure online REDCap database. Only Key Study Personnel will have access to this 
database containing PHI.  Once the data collection period is complete, a de-identified research 
database will be created for data analysis and will be stored on a password protected VUMC 
server indefinitely. After data analysis is complete, PHI will no longer be accessed.
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