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Activity Description: In lieu of a MAD-ID 2020 Congress, this virtual symposium was designed for infectious disease pharmacists 
interested in the clinical management of healthcare- and ventilator-associated pneumonias (HAP/VAP) due to Pseudomonas 
aeruginosa. More than ever, pharmacists need accurate and current information on department-specific antibiotic susceptibility 
patterns and improvements in antibiotic resistance surveillance practices. This education was able to help pharmacists adopt 
optimal treatment approaches to ensure successful patient outcomes. 

Symposium Date: Wednesday, October 7, 2020

Credit: 1.5 AMA PRA Category 1 Credits™ (physicians), 1.5 ACPE contact hours (pharmacists)

Sponsored by: The Academy for Continued Healthcare Learning (ACHL) in collaboration with Making A Difference in Infectious 
Disease (MAD-ID)

Supported by: An educational grant from Merck & Company 

Intended Audience: ID specialists, hospitalists, pharmacists and other healthcare professionals who care for patients with serious 
infections

Enduring Availability (November 12, 2020 – November 12, 2021)
• PowerPak: https://www.powerpak.com/course/preamble/120512
• ACHLcme.org: https://www.achlcme.org/HAP-VAP
• Direct video access: https://www.achlcme.org/digital/MAD200/index.html

Overview

https://www.powerpak.com/course/preamble/120512
https://www.achlcme.org/HAP-VAP
https://www.achlcme.org/digital/MAD200/index.html


Activity Visuals
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Executive Summary
Participants Certificates 

Issued
274 159

Predominant Audience: 
• 100% ID Specialists
• 94% Pharmacists 

An effect size of 0.65 indicates that participating HCPs 
are now ~40.6% more knowledgeable of the content 

assessed than prior to participating in this symposium

Changes will impact 1,096 to more than 1,797 patients 
with Gram-negative infections each month. 

45% overall 
increase in 

knowledge and 
competence

Learning Gains 

Demonstrate an understanding of the 
molecular epidemiology of antibiotic 
resistance in bacterial pathogens

Summarize the salient features and 
critical differences between antibiotics 
for use against Gram-negative 
pathogens

Describe strategies to optimize 
antimicrobial therapy to ensure 
effectiveness of antibiotics and 
reduce resistance

85%
66%LO1

89%
79%LO2

62%
32%LO3

Pre Post

58% will change mgmt and/or 
treatment of patients with HAP/VAP

47% will select a different tx for 
MDR P. aeruginosa

40% will increase use of 
antibiograms

83% of learners will change 
their practice

Of those who completed a 45-day follow-up survey, 54% have made 
one or more changes to their practice

Post participation, 100% 
of learners self-identified 

as very confident or 
somewhat confident with 
optimizing antimicrobial 

therapy to ensure 
effectiveness of 

antibiotics and reduce 
resistance



Overall Evaluation

Please rate the following objectives to indicate if you are better able to:

Rating scale: 4=Strongly Agree; 1=Strongly Disagree 

Analysis of Respondents

Demonstrate an understanding of the molecular epidemiology of antibiotic 
resistance in bacterial pathogens 3.78

Summarize the salient features and critical differences between antibiotics for 
use against Gram-negative pathogens 3.81

Describe strategies to optimize antimicrobial therapy to ensure effectiveness 
of antibiotics and reduce resistance 3.84

N=154

Please rate the faculty on the 
criteria listed

Rating scale: 4=Excellent; 1=Poor

Ability to 
effectively convey 
the subject matter

James Lewis II, PharmD, FIDSA 3.95

Jason M. Pogue, PharmD, BCPS‐ID 3.96

98% of learners 
strongly agree or 

agree that all learning 
objectives were met, 

with an average rating 
of 3.81/4.0

Please evaluate the following criteria: 

Rating scale: 4=Excellent; 1=Poor
Analysis of 

Respondents

Quality of educational content 3.93

Appropriateness and effectiveness of active 
learning strategies (questions, cases, 
discussion, etc)

3.91



Objectivity & Balance

Activity was perceived as objective, balanced and non-biased.

95%
5%

This activity was free of 
commercial bias

Yes No
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Rating of objectivity & balance

N=152



Usage: MDR Anti-pseudomonal Agents

N=152

5%

71%

72%

0% 20% 40% 60% 80% 100%

Cefiderocol

Imipenem/cilastin/relebactam

Ceftolozane/tazobactam

Ceftazadime/avibactam

Which of the following newer MDR anti-pseudomonal agents 
are included on your local antibiogram? 

Which of the following newer MDR anti-pseudomonal agents 
are included on your institution’s formulary? 

14%

8%

84%

84%

0% 20% 40% 60% 80% 100%

Cefiderocol

Imipenem/cilastin/relebactam

Ceftolozane/tazobactam

Ceftazadime/avibactam

While learners may be inclined to use newer therapies, they may not have access to them. Future education 
should highlight further how to increase accessibility to the newer MDR anti-pseudomonal agents.



Behavioral Assessment
Inter-activity polling 



Case Presentation: VAP
Helen is a 65-year-old woman who has been in the hospital for 8 days secondary to a COPD exacerbation for 
which she has been receiving ceftriaxone 2g daily as well as an inhaled β2 agonist, inhaled anticholinergic, and 
systemic corticosteroids. Prior to this hospitalization, she had been receiving azithromycin prophylaxis. She had 
initially been receiving ventilator support, but due to improvement she was stepped down to oxygen 
supplementation by nasal cannula yesterday. Upon assessment today, you unfortunately see that Helen has 
redeveloped a high fever and increase in purulent secretions.

Which details of Helen’s case are documented risk 
factors for a multidrug-resistant (MDR) pathogen?
A. 5 or more days of hospitalization prior to the 

occurrence of VAP
B. Redevelopment of fever while in hospital
C. Increase in purulent secretions
D. Systemic corticosteroid therapy

87%

10%
3%

A B C D
0%

10%
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40%
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70%
80%
90%

100%

Polling (n=70)

Most learners were already aware that hospitalization for at 
least 5 days prior to the occurrence of VAP is a risk factor for 

a MDR pathogen.



Case Presentation: VAP (cont)
While you await Helen’s infection test results, you 
decide to treat her with empiric therapy. 
What would you recommend for empiric treatment of 
Helen based on her history and severity of illness?
A. Piperacillin/tazobactam monotherapy
B. Piperacillin/tazobactam + vancomycin 
C. Piperacillin/tazobactam + levofloxacin
D. Piperacillin/tazobactam + levofloxacin + vancomycin
E. Piperacillin/tazobactam + vancomycin + tobramycin

6%

37%

4%

24% 29%

A B C D E

Polling (n=90)

Helen has continued to worsen despite therapy with 
pip/tazo. A non-fermenting Gram-negative rod was 
identified on culture.
How would you escalate her therapy?
A. Add levofloxacin
B. Switch to meropenem
C. Switch to cefepime and tobramycin
D. Switch to ceftolozane/tazobactam
E. No change

1%

51%

22% 26%

A B C D E

Polling (n=102)

The faculty commented that this was an interesting range of answers as the “correct” choice can vary 
depending on the local antibiogram (not provided) and Helen’s microbiology.



Case Presentation: VAP (cont)
Helen’s cultures reveal a P. aeruginosa R to pip/tazo, 
cefepime, meropenem, and levofloxacin. Which of the 
following newer therapies would you want to use to 
treat Helen’s MDR P. aeruginosa?
A. Ceftolozane-tazobactam
B. Ceftazadime-avibactam
C. Imipenem-cilastatin-relebactam
D. Cefiderocol
E. Meropenem-vaborbactam

61%

17% 14%
5% 3%

A B C D E

Polling (n=109)

After selecting an agent for Helen’s MDR P. 
aeruginosa, what duration of therapy would you choose 
for her?
Helen does not have empyema, lung abscess, 
cavitation or necrotizing pneumonia and had an initial 
positive clinical response to her MDR P. aeruginosa 
treatment.
A. 5-day regimen  
B. 7-to 10-day regimen
C. 14-day regimen
D. >14 days

10%

81%

9%

A B C D
Polling (n=111)

Dr. Pogue explained, “If you are going to escalate them off pip/tazo and you are thinking pseudomonas, you need to be thinking of a novel agent 
in that situation.” Most learners also demonstrated a baseline knowledge of the recommended duration of treatment for MDR infections.



Knowledge & Competency 
Gains
Pretest vs Posttest Comparison



52%
46%

2%

63%

37%

62%

38%

Very confident Somewhat confident Not at all confident
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Pre (n=159) Post (n=156) Follow-up (n=13)

Confidence Assessment 

There was a 21% increase in learners who self-identified as “very confident” with optimizing antimicrobial therapy 
to ensure effectiveness of antibiotics and reduce resistance. Some strategies expected to be implemented include 

increased use of novel antibiotics, increased incorporation of cross-resistance concepts, and increased use of 
combined antibiograms. Follow-up survey respondents demonstrated confidence gains sustained 45-days post 

participation.

How confident are you [now] with optimizing antimicrobial therapy to ensure effectiveness of antibiotics and 
reduce resistance?
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30%
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85%

14%
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Clinical Assessment 

There was a 27% increase in learners who self-identified that they will now “always” use their local antibiogram. 
This initiative’s faculty emphasized the importance of incorporating the local antibiogram to best mitigate resistance 

and ensure the best possible treatment for their patients with MDR infections.

How often do you [will you now] utilize your local antibiogram? 



Cohen’s d Effect Size 

An effect size of 0.71 indicates that participating HCPs are now ~43.44% more knowledgeable of the content 
assessed than prior to participating in this virtual symposium.

Pre-Test Posttest

59%Mean 

0.29Standard 
Deviation

159Sample Size

79%Mean 

0.27Standard 
Deviation

159Sample Size

Cohen’s d Effect Size = 0.71

This Effect Size calculation uses pre/post-test question responses from all paired pre and posttest takers. 

Cohen (1988): .2 = small, .5 = medium, .8 = large
Wolf (1986): .25 = educationally significant, .50 = clinically significant



Pretest vs. Posttest Summary

Participants demonstrated improved knowledge and competence on three of three pre/posttest questions.

Topic % Change*

Pathophysiology of MDR infections 29%

Efficacy with the antibiotics for 
MDR Gram-negative infections 13%

Personalizing treatment for MDR 
Gram-negative infection cases 94%

Overview of Correct Responses

*Relative percent change between pre-assessment score and post-assessment score. 
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Knowledge Acquisition: Mechanisms of MDR

Learners demonstrated increased understanding that cross-resistance 
between β-lactams is common. Future education should emphasize 

this concept further, particularly with visual illustrations to further outline 
teachings and impact learners.

1. Which of the following best describes resistance to β-lactams in P. 
aeruginosa?

A. Resistance is common with traditional β-lactams (e.g. cefepime), but has 
not yet been demonstrated with novel β-lactams (e.g. 
ceftolozane/tazobactam)

B. Piperacillin/tazobactam resistant isolates almost always remain 
susceptible to meropenem

C. Cross-resistance between β-lactams in P. aeruginosa is common

D. Cefepime is consistently the most active β-lactam against P. aeruginosa

Objective: Demonstrate an understanding of the molecular 
epidemiology of antibiotic resistance in bacterial pathogens
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7% 6%3%
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Knowledge Acquisition: Efficacy of 
Antibiotics for MDR Gram-negative Infections

While learners had relatively high baseline knowledge on the efficacy of 
antibiotics for MDR Gram-negative infections, there were still knowledge 
gains among participants post-activity and in the follow-up survey. Future 

education should continue to update learners on the latest in MDR 
Gram-negative infection clinical trial data.

2. Which of the following is correct regarding the RESTORE-IMI 2 trial?

A. Imipenem/cilastatin/relebactam was associated with a greater number of 
adverse events leading to treatment discontinuation compared with 
piperacillin/tazobactam

B. Imipenem/cilastatin/relebactam was associated with a non-inferior 
28-day all-cause mortality from HAP or VAP compared with 
piperacillin/tazobactam

C. Imipenem/cilastatin/relebactam was not shown to be effective in critically 
ill, high-risk patients

D. Piperacillin/tazobactam was shown to have a more favorable clinical 
response at early follow-up compared to imipenem/cilastatin/relebactam

Objective: Summarize the salient features and critical differences 
between antibiotics for use against Gram-negative pathogens
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Clinical Competence: Personalizing Treatment 
for MDR Gram-negative Infections 

Learners demonstrated increased competence with optimizing 
antimicrobial therapy for patients with MDR Gram-negative infections 
while being cognizant of antimicrobial stewardship (a 94% gain over 

baseline). Because more than one-third of learners continued to 
answer incorrectly on the posttest and follow-up survey, additional 
education and practice is still warranted, especially once access to 

newer agents shifts the treatment paradigm.

3. JL is a 65-year-old woman who has been empirically treated for sepsis with 
piperacillin/tazobactam for the past five days. Today she develops a high 
fever and increased purulent secretions. Respiratory cultures identify P. 
aeruginosa and susceptibilities are currently pending. Which agent is the best 
choice to switch JL too? 

A. Meropenum

B. Imipenem/cilastatin/relebactam

C. Cefepime

D. Ceftazidime

Objective: Describe strategies to optimize antimicrobial therapy to 
ensure effectiveness of antibiotics and reduce resistance



Practice Change & Patient 
Impact 



This activity increased my knowledge. 

Self-reported Impact 

This activity will increase my competence (knowing 
how to do something, knowledge in action).

This activity will improve my performance 
(what actions will be taken, skills, strategies 
and abilities implemented into practice).

100%

75%

59%

This activity will improve my patient outcomes 
(improvements in patient care and individual health 

status)
57%



Practice Change

83% of learners committed to making changes in their practice immediately following their participation. Specifically, 58% 
will change the management and/or treatment of patients with Gram-negative HAP/VAP and 47% will select a different 

therapy for these patients.
Of those who completed a 45-day follow-up survey, 54% have made one or more changes to their practice. As highlighted 
on slide 8, one’s ability to change their practice may hinge on their ability to access newer MDR anti-pseudomonal agents. 

As access to new therapies increases, change in practice is due to follow.

46%

15%

31%

23%

15%

17%

7%

40%

34%

47%

58%

0% 20% 40% 60% 80%

This activity validated my current practice; no changes will be made

Other

Increase use/application of antibiograms at my local institution/clinical unit

Update clinical antimicrobial stewardship protocols, policies, and/or
procedures

Select a different therapy for patients with identified MDR P. aeruginosa

Change the management and/or treatment of my patients with Gram-
negative VAP/HAP

Post Activity (n=150)
Follow-up (n=13)

Multiple responses allowed



Patient Care Impact

9%

47%21%

9%

14%

Number of patients with multidrug resistant Gram-negative infections treated per month: 

0

1-5

6-10

11-15

>15

Changes will impact 1,096 to more than 1,797 patients with Gram-negative infections each month. This assumes 
data in chart above is representative of all symposium participants (274), who indicated they would change their 

practice as a result of their participation in this activity (83%). 

N=154



21%

47%

40%

19%

Lack of 
Susceptibility 

Testing Cost of Novel 
Therapies

Lack of Experience 
with Challenging 

Infections

Insurance /Reimbursement 
Issues

Self-reported Barriers to Change

Lack of 
Administrative 

Support

12%

11%

Lack of Time to Assess Patients

What barriers prevent you from prescribing injectable CGRP mAbs for prevention in migraine patients? 

N=146; multiple responses allowed 



Topics of Interest

3%

46%

49%

56%

63%

0% 20% 40% 60% 80% 100%

Other

How to implement broad-based antimicrobial-stewardship
programs in hospitals/communities

Novel therapies for Gram-negative infections

Identifying local antibiogram/clinical breakpoints in multi-drug-
resistant organisms

Selecting targeted therapy for resistant Gram-negative infections

Selecting targeted therapy for resistant Gram-negative infections (63%) was rated with highest interest for future 
education, followed by identifying local antibiogram/clinical breakpoints in multi-drug resistant organisms (56%).

N=149; multiple responses allowed



Activity Impact
What is one pearl you took away as a result of your participation? 

• Advantages of imipenem-cilistatin-relebactam
• Amikacin breakpoints might be a tad bit on the high side, will read 

more for my own education
• Application of PKPD optimized breakpoints for aminoglycosides rather 

than CLSI BP when evaluating benefit of dual agent therapy
• B-lactam resistance is often a sign of carbapenem resistance and a 

percentage of patients on meropenem will later have a resistant 
organism during their therapy.

• Breakpoint, susceptibilities and use of novel agents 
• Carbapenem resistance should elicit more thought when selecting an 

alternate antibiotic. 
• Ceftolozane/tazobactam is a better agent to escalate to than 

meropenem for resistant P. aeruginosa.
• Cross resistance between Beta-Lactams for Pseudomonas. 

Tobramycin 2nd coverage with another gram neg agent.
• Cross resistance between b-lactams.
• Cross resistance btw pip/taco or cefepime vs. carbapenems
• Cross resistance driving the use of new kids in the block
• Cross resistance in pseudomonas and that meropenem vaborbactam

doesn't work as pseudomonas effluxes out the vaborbactam
component 

• cross resistance of beta lactams easily develop. 
• cross resistance of beta lactams with pseudomonas
• cross resistance of beta-lactams with Pseudomonas
• Cross resistance to Psedomonas is common and newer novel meds 

such as ceftolozane/tazobactam may be warranted

Cross-
resistance 

among beta-
lactams

Advantages of 
Imipenem-
cilastatin-

relebactam

Increase use of 
local antibiograms



Activity Impact (cont)
What is one pearl you took away as a result of your participation? 
• Cross resistance and focusing on outlier units like BMT
• Cross susceptibility
• Cross-resistance among beta-lactams with MDR Pseudomonas. 

GREAT PRESENTATION!
• Cross-resistance between B-lactams and FQs
• Decreasing AMK to clinically achievable BP (instead of historical 

ECOFF values) limits utility drastically.
• Don't change pip/tazo to mero and think that'll cut it. Change to newer 

agents, which are not on formulary at my practice site. Cross 
resistance seen w/BL + FQ and amongst traditional BL

• Drug resistance common among carbapenems and need to look at 
breakpoints.

• Encouraged increased utilization of local antibiograms
• Extended infusion and that vabomere is not good for mdr

pseudomonas
• Faulty amikacin breakpoints
• I may be able to optimize the pharmacodynamic effects of beta-

lactams at my institution. 
• Importance of antibiogram interpretation
• Incorporate multi faceted approach to improve stewardship and patient 

outcomes for reducing resistance 
• Looking at creating combined antibiograms for our ICU
• Majority of cefepime-R or zosyn-R isolates tend to be mero-R as well 
• Meropenem is really not an escalation for a patient who has been on 

pip/tazo and develops a resistant infection

• Meropenem Vaborbactam - not for BLBLI resistant pseudomonas 
infections

• Meropenem/vaborbactam does not have activity against MDR/XDR 
pseudomonas

• Mero-Vabor not covering Pseudomonas. Pseudomonal cross 
resistance between B-lactams 

• Mero-vabor offers nothing for MDR PsA
• Need to evaluate local epi... pseudomonas not always the top 

organism to target!
• new agents against Pseudomonas
• No meropenem vaborbactam for mero resistant isolates
• No Vabomere for PsA
• Not going from cefepime to Merrem as escalation of antibiotics for 

these types for infections. 
• Prevalence of Pseudomonal resistance developing to carbapenems 

while on therapy
• Pseudomonas R to beta-lactams are almost always resistant to FQ's -

adding a FQ for PsA coverage likely is not ideal for many patients 
when there is concern for/need for additional PsA coverage (in addition 
to the fact that FQ's are, well, FQ's)

• Quinolones do not provide benefit in HAP/VAP patients with PsA
infections

• Resistance to one beta lactam often means resistance to other beta 
lactams.

• Resistance to Piptazo, will almost be resistant to levaquin



Activity Impact (cont)
What is one pearl you took away as a result of your participation? 
• Switching from piptazo -> mero may not provide additional benefit 

(although our Alaska specific data may differ on this point - I think I 
would be more likely to question that change and try a broader therapy 
until susceptibility results are available.

• Testing all novel antibiotics which we plan to use should be tested.
• That up to 30% of isolates P. Aeruginosa that are resistant to Pip Tazo

may be resistant to meropenem as well
• That we should optimize extended infusion therapy regarding by 

stability issues with nursing along the way. 
• The cross-resistance amongst beta-lactams and between beta-lactams 

and FQs is high amongst beta-lactam resistant Pseudomonas 
aeruginosa

• The empiric change to novel agents due to cross resistance
• The fact that cefiderocol is going to be an intriguing option 
• The greater detail in European Guidelines.
• The high frequency of cross-resistance of beta-lactams to 

Pseudomonas aeruginosa.
• The level of cross-resistance seen with beta-lactam resistant 

pseudomonas. We have generally sensitive pseudomonal isolates at 
our hospital, so I was unaware of the degree of cross-resistance seen 
nationally.

• The low likely percentages of use of alternative B-Lactam success 
when the isolate is resistant to another B-lactam

• The need to test MDR gram negatives for ceftaz/avi susceptibility 
(incorporation into antibiogram) which is currently our preferred choice 
for these isolates (pending sensitivity which takes 7 days)

• The need to understand my local susceptibility data to better help 
target empiric therapies

• The new beta lactam agents already have developed resistance.  So 
when older beta lactams are not working this may likely mean the 
newer beta lactams may also not be the best choice to transition to.

• The rising consideration of acinetobacter in MDR HAP/VAP 
• Think about decisions and don’t follow guidelines strictly (cookie-

cutting)
• Tobramycin use isn't widely accepted 
• Try to educate on empiric tobramycin
• Understanding of PK/PD and EID of beta lactams
• Utilization of combination antibiogram could be useful in our ICUs - we 

currently do not have this. 
• Vabomere should not be used for MDR pseudomonas HAP/VAP. Also I 

did not know there was a study out inhaled amikacin, my institution 
uses it.....

• Vaborbactam effluxed out by Pseudomonas
• Vaborbactam not useful for PSA d/t efflux
• Vabormere usage with Pseudomonas
• We need to consider EIBL at our intuition
• When treating MDRO PSA, it may be more appropriate to use a new 

novel abx combination in place of escalation to a carbapenem.
• With Pseudomonas r-cefepime, meropenem and pip/taz,  switching to 

meropenem/vabor not likely to yield additional benefit. 
• Within switching among b-lactams is less appealing than previously 

thought
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CE Info Views

Saved Slides

Slide Rating

Questions Asked

Learner Engagement & Insights

97% Engaged 

N=72

9% Highly 
Engaged 

Of the 274 participants, 97% (265) were Engaged with the 
ARRAY™ technology, meaning these participants viewed 
and saved content, responded to polling, etc. Those who 

were Highly Engaged took it to the next level of 
engagement such as asking questions and taking notes, 

which accounted for 9% (26) of learners. 

Understanding how participants engaged with the presentation 
provides insight to improve and tailor future education. 

9.61 rating (out of 10)

This virtual symposium incorporated the Array™ learning 
system to engage learners to follow along, take notes, save 
slides, and ask questions. Upon signing in, all learners were 

able to view the custom learning platform on their own 
desktops and mobile devices. 
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Contact Information
Richard Keenan
VP, Education Development
Academy for Continued Healthcare Learning (ACHL)

E: rkeenan@achlcme.org
P: 773-714-0705 ext. 215
C: 610-742-0749
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