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Nothing to Disclose



What IS Antimicrobial Stewardship??

• Defined by IDSA and SHEA as “…coordinated interventions designed 
to improve and measure the appropriate use of antibiotic agents by 
promoting the selection of the optimal drug regimen including 
dosing, duration of therapy, and route of administration.”

• Think of it as maximizing the appropriateness of antimicrobial 
regimens
• Are patients receiving appropriately narrow (or broad) therapy?
• Are they receiving the correct dose for their renal function or indication?
• Is the proposed duration of therapy correct?
• If on IV therapy, is it possible, or when would it be possible to transition the 

patient to PO therapy?



BUT…This Isn’t What We’re Talking About 
Today

• Every provider that prescribes antimicrobials has a role to play in 
antimicrobial stewardship

• Even if you’re not on your institution's ASP or P&T committee you can 
look for ways in your daily practice to impact stewardship

• And inappropriate antibiotic use affects us all…



DTR in Gram-negative Bacteremia at 173 US 
Hospitals
Unadjusted Mortality in DTR = 43%

Risk Factors Associated with a DTR:
• HAI: 1.83 (95% CI 1.45-2.30)
• Prior BSI: 1.77 (95% CI 1.34-2.34)

Kadri et al. Clin Infect Dis 2018; 67: 1803-14.



Focus Area: 
Therapy De-Escalation & Duration of Treatment

Pneumonia Cellulitis
Diabetic Foot 

Infections



Focus Area: Antimicrobial Dosing



First Focus Area: 

Pneumonia



Pneumonia: CAP – 2019 Updated Guidelines

Metlay et al. Am J Resp 

Crit Care Med 2019; 200: 

e45-67.



CAP Treatment Recommendations

Outpatient Treatment

No comorbidities or risk factors for MRSA or 
Pseudomonas

Amoxicillin or
Doxycycline or
Macrolide (if local pneumococcal resistance is <25%)

With comorbidities Amoxicillin/clavulanate or a cephalosporin PLUS 
Macrolide or doxycycline
OR
Monotherapy with a respiratory fluoroquinolone

Inpatient Treatment

Non-severe disease Βeta-lactam + macrolide OR
Respiratory fluoroquinolone

Severe disease Βeta-lactam + macrolide OR
Beta-lactam + respiratory fluoroquinolone

Metlay et al. Am J Resp Crit Care Med 2019; 200: e45-67.



When to Consider MRSA or Pseudomonas Coverage

Inpatient Treatment

Prior Respiratory Isolation of 
MRSA

Prior Respiratory Isolation of 
Pseudomonas

Recent Hospitalizations and 
Parenteral Antibiotics and 
Locally Validated Risk 
Factors for MRSA

Non-severe 
disease

Add MRSA coverage and 
obtain cultures/nasal PCR to 
allow for de-escalation or 
need for continued therapy

Add Pseudomonal coverage 
and obtain cultures to allow 
for de-escalation or need for 
continued therapy

Obtain cultures BUT 
withhold unless cultures are 
positive

Severe disease Add MRSA coverage and 
obtain cultures/nasal PCR to 
allow for de-escalation or 
need for continued therapy

Add Pseudomonal coverage 
and obtain cultures to allow 
for de-escalation or need for 
continued therapy

Add MRSA coverage and 
obtain cultures/nasal PCR to 
allow for de-escalation or 
need for continued therapy

Metlay et al. Am J Resp Crit Care Med 2019; 200: e45-67.



Clinical Question:
Is There a Preference in Empiric Antimicrobial 
Therapy for Patients Admitted to the Medical 

Floor with Non-Severe Disease?



FQ vs. Beta-lactam/Macrolide Therapy

• Meta-analysis combining RCTs evaluating a RFQ vs beta-lactam with 
or without a macrolide for the treatment of hospitalized, non-ICU 
patients with CAP up to 11/2018

• Primary outcome was all cause mortality
• Secondary outcomes: clinical treatment success, length of stay, adverse 

events related to study treatment

• Twenty-two total studies were included in the final analysis involving 
6,235 patients

Li et al. Front Pharmacol 2019; 10: 1-13



Mortality Outcome

All Cause Mortality:
114/2198 (5.2%) RFQ vs. 191/2670 (7.2%) BL/M 

Li et al. Front Pharmacol 2019; 10: 1-13



Clinical Treatment Success Outcome

Treatment Success (ITT):
804/994 (80.9%) RFQ vs. 775/988 (78.4%) BL/M 

Li et al. Front Pharmacol 2019; 10: 1-13



Length of Stay and AEs

• LOS – no significant difference found in the 9 trials which reported 
LOS

• Adverse Events
• 20/22 trials reported on AEs

• Most were mild-moderate involving the GI tract or LFT abnormalities

• QTc prolongation was only reported in 1 trial with one patient on amox/clav + 
clarithromycin

• Overall: RR 0.87 (95% CI 0.77-0.97) – favoring RFQs

• Withdrawal 2/2 AEs: 0.87 (95% CI 0.59-1.30)
• Difference driven by GI AEs: 0.63 (95% CI 0.43-0.94)

Li et al. Front Pharmacol 2019; 10: 1-13



Author’s Conclusions

• “…fluoroquinolone monotherapy has similar efficacy and favorable 
safety compared with beta-lactams with or without a macrolide for 
non-ICU hospitalized CAP patients.”

Li et al. Front Pharmacol 2019; 10: 1-13



Why May We Think About Avoiding FQs?



FQ Use and Impact on Resistance
• Surveillance data from ~40 hospitals (and surrounding communities 

for outpatient FQs prescriptions) in the US from 1999-2001

Polk et al. Clin Infect Dis 2004; 39: 497-503



Impact of FQ Use on MRSA Rates
• 10 years of data from a tertiary hospital in France

• 3 periods of study – FQ restriction, FQ release, hand hygiene 
campaign implementation

Mean 
MRSA 
Rate: 
31.5%

Mean 
MRSA 
Rate: 
33.0%

Mean 
MRSA 
Rate: 
26.3%

Parienti et al. J Hosp 

Infect 2011; 78: 118-22.



Cardiac Toxicity and CAP Therapy
• Post-hoc analysis of the CAP-START trial

Macrolide aHR FQ aHR

New or Worsening Cardiac 
Event

Azithromycin
Clarithromycin
Erythromycin

0.76 (0.42-1.35)
1.03 (0.62-1.70)
1.82 (1.23-2.68)

New or Worsening Cardiac 
Event

Ciprofloxacin
Levofloxacin
Moxifloxacin

0.70 (0.39-1.26)
0.43 (0.20-0.93)
0.56 (0.36-0.88)

New or Worsening Heart 
Failure

Azithromycin
Clarithromycin
Erythromycin

0.78 (0.40-1.52
1.17 (0.66-2.08)
2.11 (1.36-3.26)

New or Worsening Heart 
Failure

Ciprofloxacin
Levofloxacin
Moxifloxacin

0.65 (0.32-1.31)
0.27 (0.08-0.86)
0.50 (0.27-0.87)

New or Worsening 
Arrythmia

Azithromycin
Clarithromycin
Erythromycin

1.03 (0.43-2.47)
0.87 (0.36-2.12)
1.28 (0.64-2.57)

New or Worsening 
Arrythmia

Ciprofloxacin
Levofloxacin
Moxifloxacin

0.75 (0.29-1.93)
0.49 (0.15-1.62)
0.66 (0.33-1.34)

Postma et al. 

BMC Infect Dis 

2019; 19: 1-12



Clinical Question:
Is There a Preference in Empiric Antimicrobial 
Therapy for Patients Admitted to the Medical 

Floor with Non-Severe Disease?

Data suggests equal efficacy amongst the options and, generally, tolerability is the 
same; however, >use of FQs = >resistance and could be contributing to CA and HA 

rates of MRSA.
Consideration for Practice: Use a beta-lactam + macrolide before a FQ



Clinical Question:
Is a Longer Course of CAP Therapy Associated 

with Better Outcomes?



Systematic Review and Meta-Analysis of Short 
vs. Long-Course CAP Therapy

</= 7 days > 7 days

Non-duplicated RCTs:
Clinical Failure

Furlan et al. Int Emerg Med 2019; 14: 377-94.s



Clinical Question:
Is a Longer Course of CAP Therapy Associated 

with Better Outcomes?

No benefit has been observed for durations of treatment >7 days for CAP.  Current 
IDSA guidelines state to treat for no less than 5 days.

Consideration for Practice: Duration of 5-7 days is optimal; 10-14 days offers no 
proven benefit



Audience Response Question

• Which of the following is the optimal treatment and duration for a 
patient admitted with non-severe community-acquired pneumonia?

A. Ciprofloxacin 750mg PO BID x 5 days

B. Moxifloxacin 400mg PO daily x 10 days

C. Cefuroxime 500mg PO BID + doxycycline 100mg PO BID x 5 days

D. Cefpodoxime 200mg PO BID + doxycycline 100mg PO BID x 10 days
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patient admitted with non-severe community-acquired pneumonia?

A. Ciprofloxacin 750mg PO BID x 5 days

B. Moxifloxacin 400mg PO daily x 10 days

C. Cefuroxime 500mg PO BID + doxycycline 100mg PO BID x 5 days

D. Cefpodoxime 200mg PO BID + doxycycline 100mg PO BID x 10 days



Pneumonia: HAP/VAP – 2016 Guidelines
Empiric Antibiotic Recommendations for HAP

Not at high-risk for mortality and 
no factors increasing the likelihood 
of MRSA

Not at high-risk for mortality BUT 
with factors increasing the 
likelihood of MRSA

High-risk of mortality or receipt of 
IV antibiotics during the prior 90 
days

Piperacillin/tazobactam OR
Cefepime OR
Levofloxacin OR
Imipenem/cilastatin OR
Meropenem

Piperacillin/tazobactam OR
Cefepime OR
Levofloxacin OR
Ciprofloxacin OR
Imipenem/cilastatin OR
Meropenem OR
Aztreonam
---PLUS---

Piperacillin/tazobactam OR
Cefepime OR
Imipenem/cilastatin OR
Meropenem OR
Aztreonam
---PLUS---

Vancomycin OR
Linezolid

Levofloxacin OR
Ciprofloxacin OR
Amikacin OR
Gentamicin OR
Tobramycin
---PLUS----

Vancomycin OR
Linezolid

High Risk for Mortality
• Need for ventilatory support 2/2 

pneumonia
• Septic shock
Risk Factors Increasing the Likelihood of 
MRSA
• IV antibiotics during the previous 90 days
• Treatment in a unit where the MRSA 

prevalence is not known OR >20%
• Presence of MRSA on culture or nasal 

screening

Kalil et al. Clin Infect Dis 2016; 63: 

e61-111.



Pneumonia: HAP/VAP – 2016 Guidelines
Empiric Treatment Considerations for VAP

All empiric regimens should 
include one of the following…

MRSA coverage should be added 
if…

Two anti-pseudomonal agents 
(from different classes) if…

Piperacillin/tazobactam OR
Cefepime OR
Ceftazidime OR
Imipenem/cilastatin OR
Meropenem OR
Aztreonam

• Patient has received IV 
antibiotics in the last 90 days

• The patient is in a unit where 
the MRSA incidence is >10-20% 
OR the incidence is not known

Vancomycin OR
Linezolid

• Patient has received IV 
antibiotics in the last 90 days

• Septic shock at the time of VAP
• ARDS preceding VAP
• >/= 5 days of hospitalization 

prior to VAP
• Acute renal replacement 

therapy prior to VAP onset
• >10% of gram-negative isolates 

are resistant to an agent being 
considered for monotherapy

Ciprofloxacin
Levofloxacin
Amikacin OR
Gentamicin OR
Tobramycin OR
Polymixin

Kalil et al. Clin Infect Dis 2016; 63: e61-111.



Clinical Question:
Can We Use MRSA Nasal Surveillance as a 

Predictor of MRSA Pneumonia? 



Meta-Analysis Evaluating the Utility of MRSA 
Nasal Screening in Predicting MRSA PNA
• Twenty-two studies involving 5163 patients were included through 

11/2016

Parente et al. Clin Infect Dis 2018; 67: 1-7.



Clinical Question:
Can We Use MRSA Nasal Surveillance as a 

Predictor of MRSA Pneumonia? 

Excellent negative predictive value, particularly for HCAP(!).  Positive predictive value 
is not as helpful.

Consideration for Practice: Due to the high negative predictive value, certainly 
reasonable to use MRSA nasal screening as rationale to not initiate or stop 

vancomycin therapy.



Clinical Question:
Does it Matter if We Expose Fewer Patients to 

Vancomycin?



A Systematic Review & Meta-Analysis of 
Vancomycin-induced Nephrotoxicity 
• Fifteen studies were included

• Incidence of nephrotoxicity varied from 5% to 43% between studies

Van Hal et al. Antimicrob Agents Chemother 2013; 57: 734-44.



Clinical Question:
Does it Matter if We Expose Fewer Patients to 

Vancomycin?

If troughs of 15-20 are targeted (we’ll get back to this later), the old goal trough for 
PNA, the risk of nephrotoxicity is increased significantly.

Consideration for Practice: Vancomycin-induced nephrotoxicity can/does happen 
and has been associated with routine doses used to obtain goal troughs for PNA.  It 

is better NOT to use vancomycin if we don’t have to.  



Second Focus Area: 

Cellulitis



2014 IDSA SSTI Guidelines

Recommended 
duration of treatment 

is 5 days.

Stevens et al. Clin Infect Dis 

2014: 59: e10-52.



Clinical Question:
Are Outcomes Improved with Longer 

Durations of Treatment for SSTIs?



Meta-Analysis of the Treatment of Cellulitis 
and Erysipelas
• Forty-three studies were included including 5,999 evaluable patients

• Specifically for treatment duration, 5 studies evaluating 916 patients 
were included

</= 6  
days

Brindle et al. JAMA Dermatol 2019; 155: 1033-40.



Clinical Question:
Are Outcomes Improved with Longer 

Durations of Treatment for SSTIs?

Guidelines and available evidence suggest that for uncomplicated cellulitis (purulent 
or non-purulent) there is no advantage of longer durations of antimicrobial therapy

Consideration for Practice: In the outpatient setting, only treat patients with 
uncomplicated cellulitis with 5 days of antibiotics



Audience Response Question

• What is the guideline-recommeded empiric treatment and duration 
for a non-purulent SSTI in a patient without any allergies?

A. Cephalexin 500mg PO four times a day x 5 days

B. TMP/SMX 1 DS tab PO BID x 10 days

C. Clindamycin 300mg PO four times a day x 5 days

D. Amox/clav 875mg PO BID x 10 days
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Third Focus Area: 

Diabetic Foot 
Infections



2012 IDSA Diabetic Foot Infection Guidelines

These guidelines are:
1. Getting old
2. Not as helpful, or specific, about 

empiric regimen selection

Lipsky et al. Clin Infect Dis 2012; 54: e132-73.



Two Relevant Clinical Questions

1. When do we need to use empiric coverage against MRSA?

2. When do we need to use empiric coverage against Pseudomonas?



Clinical Question:
When do we need to use empiric coverage 

against MRSA?



National VA Study Evaluating the Utility of 
MRSA Nasal Screening in Stewardship
• National VA data from 1 January 2007 to 1 January 2018

• Data from 121 different VAMCs were included
• 245,833 unique patients were included

• This study went BEYOND just looking at nasal screening as a tool for 
PNA evaluation

Mergenhagen et al. Clin Infect Dis 2020; 71: 1142-8.



National VA Study Evaluating the Utility of 
MRSA Nasal Screening in Stewardship

Mergenhagen et al. Clin Infect Dis 2020; 71: 1142-8.



Heat Map of NPVs by State

MO NPV 
97.1%

Mergenhagen et al. Clin 

Infect Dis 2020; 71: 1142-8.



Author’s Conclusions

• “This study suggests that a negative MRSA nares swab taken within 7 
days of culture is useful for predicting the absence of MRSA in a 
subsequent clinical culture.”

Mergenhagen et al. Clin Infect Dis 2020; 71: 1142-8.



Clinical Question:
When do we need to use empiric coverage 

against MRSA?

Large-scale cohort studies DO suggest a high negative predictive value for MRSA 
nasal swabs and lower extremity wound infections (DFIs)

Consideration for Practice: For your next DFI patient with a negative MRSA swab 
ask yourself if you really need vancomycin



Clinical Question:
When do we need to use empiric coverage 

against Pseudomonas?



Understanding the Incidence of Pseudomonas 
in DFIs
• Cross-sectional study of patients presenting with a DFI to an urban 

county hospital in Denver, CO between 1 June 2012 and 31 December 
2013

• One hundred and twelve patients were included

Pseudomonas isolation 
was not associated with 
any measured risk factor

(E.g. age, previous abx use 
in the last 90 days, 

infection severity, etc.)

Young et al. J Am Podiatr Med Assoc 2015; 105: 125-9.



Potential Risk Factors for Pseudomonas in 
DFIs
• Microbiologic sub-analysis of a study in Turkey in patients with 

diabetic foot wounds from 1 January 2012 to 31 December 2013

• Ninety patients with cultures included in this analysis

Total % of Pseudomonal Isolates:
25.8% (23/89)

Variable OR (95% CI) P-value

Previous lower extremity 
amputation 

12.86 (3.85-42.44) <0.001

Previous active wound dressing 5.99 (1.36-26.33) 0.018

Ertugrul et al. J Am Podiatr Med Assoc 2017; 107: 483-9.



Empiric Anti-Pseudomonal Therapy vs. No 
Empiric Pseudomonal Coverage
• Retrospective cohort analysis of patients at the VA St. Louis treated 

for Pseudomonas-negative OM between 1 January 2009 and 31 July 
2015

Clinical 
Cure 

(n=54)

Clinical
Failure 
(n=55)

P-
value

Antipseudomonal 
Therapy

19 24 0.37

History of OM 12 8 0.30

DM 46 49 0.54

PVD 20 18 0.64

MRSA Therapy 33 35 0.77

Surgical Intervention 30 21 0.07

Jansen et al. Open Forum Infect Dis 2017; 4 (Suppl 1): S97.



Clinical Question:
When do we need to use empiric coverage 

against Pseudomonas?

The incidence of Pseudomonas in diabetic foot infections appears to be low based on 
epidemiologic data.  Clear risk factors for pseudomonal infection are difficult to find, 
but could include a wet or macerated wound, previous lower extremity amputation, 

and previous active wound dressing.
Consideration for Practice: Consider potential risk factors before starting all DFI 

patients on empiric therapy active against Pseudomonas.



Focus Area: Antimicrobial Dosing



New Vancomycin Dosing Guidelines - 3/2020

• Preponderance of evidence reinforcing that AUC is the PK/PD 
parameter most associated with vancomycin efficacy

• The 2009 guidelines acknowledged that, but felt that, for most 
infections, a trough surrogate of 15-20 mcg/mL would achieve that 
AUC/MIC and minimize toxicity (e.g. AKI)

• Evidence reported since the guideline publication has indicated that 
the AUC/MIC goal can be achieved with lower troughs AND this could 
minimize the risk of AKI

• The new guidelines have done away with trough goals and advocate 
for an AUC between 400-600

Rybak et al. Am J Health Syst Pharm 2020; 77: 835-63.



What is Area-Under-the-Curve (AUC)?



Clinical Question:
What are the benefits of AUC-based 

vancomycin dosing compared to trough-
based dosing?



AUC-based Dosing vs. Trough-based Dosing in 
Patients with MRSA Bacteremia
• Retrospective cohort of patients in the Allegheny Health Network 

from 1 January 2016 – 31 August 2018

• One hundred nineteen patients were included

• Outcomes were vancomycin TDD and AKI

AKI:
Total Cohort: 38.7% (46/119)
High BMI vs. Low BMI: 54.9% vs. 26.5% (P=0.002) Covvey et al. Ann Pharmacother 2020; 54: 644-51.



Author’s Conclusions

• “An AUC-based dosing strategy utilizes a lower TDD, which may lead 
to lower rates of AKI compared to traditional trough-based dosing 
strategies.”

Covvey et al. Ann Pharmacother 2020; 54: 644-51.



Clinical Outcomes of Trough-based 
Monitoring vs. Peak-trough-based Monitoring
• Multicenter, parallel group RCT at 3 hospitals in Qatar

• A variety of infections in which vancomycin was used for at least 3 
days

Al-Sulati et al. Eur J Drug Metabol Pharmacokin 2019; 44: 639-52.



Clinical Outcomes of Trough-based 
Monitoring vs. Peak-trough-based Monitoring

Al-Sulati et al. Eur J Drug Metabol Pharmacokin 2019; 44: 639-52.



Meta-Analysis of Vancomycin AUC and AKI

>650 mg*h/L

Aljefri et al. Clin Infect Dis 2019; 69: 1881-7.



Meta-Analysis of Vancomycin AUC and AKI

Aljefri et al. Clin Infect Dis 2019; 69: 1881-7.



Clinical Question:
What are the benefits of AUC-based 

vancomycin dosing compared to trough-
based dosing?

Decreased vancomycin exposure, not sacrificing efficacy, likely decrease in rates of 
AKI.

Consideration for Practice: If you aren’t certain if your health system has 
implemented AUC dosing speak with your pharmacy and ask about their plans for 

implementation.



Audience Response Question

• Which of the following is the guideline-recommended AUC range for 
vancomycin dosing?

A. 1200-1500 mg*h/L

B. 800-1200 mg*h/L

C. 600-800 mg*h/L

D. 400-600 mg*h/L



Audience Response Question

• Which of the following is the guideline-recommended AUC range for 
vancomycin dosing?

A. 1200-1500 mg*h/L

B. 800-1200 mg*h/L

C. 600-800 mg*h/L

D. 400-600 mg*h/L



Summary
• Pneumonias

• CAP -> Consider using BL + macrolide over FQs and only treating for 5-7 days

• HAP/VAP -> Consider using MRSA nasal swabs to de-escalate therapy

• SSTIs
• For uncomplicated cellulitis only treat patients for 5 days

• DFIs
• Not everyone requires empiric coverage for MRSA and Pseudomonas

• Consider using MRSA nasal surveillance to avoid empiric vancomycin

• Pseudomonas risk factors are hard to identify, but could include a macerated 
wound, previous lower extremity amputation, and previous active wound 
therapy

• Vancomycin Dosing
• By utilizing the guideline-recommended AUC dosing we decrease vancomycin 

exposure, maintain efficacy, and potentially decrease rates of AKI



Final Thoughts

• Stewardship is everyone’s responsibility 

• It’s about picking the right drug, at the right dose, for the right 
amount of time

• The implications of not paying attention to antimicrobial stewardship 
will affect everyone – the patient your prescribing for right now may 
not suffer the consequence, but your patient or a collogues patient a 
year from now could become infected with an organism for which 
there is no active antimicrobial therapy
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