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Activity Description: Filmed for an audience of MAD-ID 2020 members, this initiative was endured to expand education to 
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. 

Activity Availability: November 12, 2020 – November 12, 2021

Credit: 1.25 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 Access:
• 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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Interim Executive Summary
Participants Certificates 

Issued
1032 773

Predominant Audience: 
 100% Pharmacists 

An effect size of 0.48 indicates that participating PharmDs 
are now ~31.88% more knowledgeable of the content 

assessed than prior to participating in this education.

Changes will impact 2,363 to more than 4,087 patients 
with Gram-negative infections each month

41% normalized 
gain on

knowledge and 
competence 

questions

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

47%

70%

55%

33%

51%

38%

LO3

LO2

LO1

Pre 1st Attempt Post

23% will change mgmt and/or 
treatment of patients with HAP/VAP

26% will select a different tx for 
MDR P. aeruginosa

25% will increase use of 
antibiograms

72% of learners will change 
their practice

Of those who completed a 45-day follow-up survey, 80% have made 
one or more changes to their practice

There was a 59% 
increase in pharmacy 

learners who self-
identified as “very 

confident” with optimizing 
antimicrobial therapy to 
ensure effectiveness of 
antibiotics and reduce 

resistance



Outcomes Reporting Methodology
• First-attempt posttest scores are reported throughout:

• Initial answer choices for the posttest provide insight into the learners’ ability to immediately 
recall and apply the education.

• For post-activity questions administered as part of the evaluation (versus the posttest), only 
first-attempt was collected.

• Pre- and posttest responses have been paired/matched. Non-completer data 
has been omitted from the analysis to ensure comparison groups are 
equivalent. 

• Participant: term used to describe an HCP who reviewed CME front matter 
and took action to begin the education.

• Learner: Term used to describe an HCP who engaged in the core educational 
content/intervention.



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 3.51

Summarize the salient features and critical differences between antibiotics for 
use against Gram-negative pathogens 3.52

Describe strategies to optimize antimicrobial therapy to ensure effectiveness 
of antibiotics and reduce resistance 3.52

N=773

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 3.58

Jason M. Pogue, PharmD, BCPS‐ID 3.58

98% of learners 
strongly agree or 

agree that all learning 
objectives were met, 

with an average rating 
of 3.52/4.0

Please evaluate the following criteria: 

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

Respondents

Quality of educational content 3.55

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

3.54



Objectivity & Balance

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

98%
2%

This activity was free of 
commercial bias

Yes No

60%

36%

4%
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60%

70%

Excellent Good Fair Poor

Rating of objectivity & balance

N=773



Usage: MDR Anti-pseudomonal Agents

N=773; multiple responses allowed

63%

3%

11%

20%

22%

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

Not applicable

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? 

56%

4%

12%

27%

27%

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

Not applicable

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.
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Very confident Somewhat confident Not at all confident Not applicable
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Pre (n=758) Post (n=758) Follow-up (n=5)

Confidence Assessment 

There was a 59% increase in pharmacy 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. Posttest and follow-up results reveal that additional education is needed 

to ensure that pharmacists are fully confident with tailoring effective and appropriate antimicrobial therapy.

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



24%

39%

21% 16%

44%
34%

5%
17%

Always Sometimes Never Not applicable
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Clinical Assessment 

The 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. As such, there was an 83% increase in 
learners who self-identified that they will now “always” use their local antibiogram. Further education is needed on 

the role of local antibiograms when optimizing antimicrobial treatment plans.

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



Cohen’s d Effect Size = 0.48

An effect size of 0.48 indicates that participating PharmDs are now 
~31.88% more knowledgeable of the content assessed than prior to 

participating in this education.

Pretest 

41%Mean 

0.32Standard 
Deviation

783Sample Size

This Effect Size calculation uses pre- and post-test question responses from all paired pre and posttest takers. 
First-attempt posttest scores were used to calculate the posttest mean and standard deviation.

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

Cohen’s d effect size accounts for variances in learner populations and is more sensitive to the size of the learner population.
As such, ACHL considers effect size to be a more robust measure of educational effectiveness than normalized gains.  

57%Mean 

0.35Standard 
Deviation

783Sample Size

First-attempt Posttest



Pretest vs. Posttest Summary

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

Topic % Change*

Pathophysiology of MDR infections 45%

Efficacy with the antibiotics for 
MDR Gram-negative infections 37%

Personalizing treatment for MDR 
Gram-negative infection cases 42%

Overview of Correct Responses

*Relative percent change between pre-assessment score and post-assessment score. 

38%

51%

33%

55%

70%

47%

0%

10%

20%

30%

40%

50%

60%

70%

80%

0 1 2 3 4

Pre Post

41% 
normalized 
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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. Because almost half of learners 

continued to answer incorrectly post-activity, continued education is 
needed on antimicrobial cross-resistance to ensure better, more 

responsible use of these therapies in practice.

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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Knowledge Acquisition: Efficacy of 
Antibiotics for MDR Gram-negative Infections

While half the learners had baseline knowledge on the efficacy of 
antibiotics for MDR Gram-negative infections, there were still knowledge 

gains among pharmacists 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 42% gain over 
baseline). Because more than half of learners continued to answer 
incorrectly on the posttest, 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. Meropenem

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).

86%

50%

32%

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

status)
31%



Practice Change

72% of learners committed to making changes in their practice immediately following their participation. 
Specifically, 23% will change the management and/or treatment of patients with Gram-negative HAP/VAP and 26% 

will select a different therapy for these patients.

Of those who completed a 45-day follow-up survey, 80% have made one or more changes to their practice. As 
highlighted on slide 7, 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.

20%

20%

40%

40%

28%

9%

25%

21%

26%

23%

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=773)
Follow-up (n=5)

Multiple responses allowed



Patient Care Impact

34%

36%

16%

6%
8%

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

0

1-5

6-10

11-15

>15

Changes will impact 2,363 to more than 4,087 patients with Gram-negative infections each month. This assumes 
data in chart above is representative of all symposium participants (1,032), who indicated they would change their 

practice as a result of their participation in this activity (72%). 

N=773



14%

29%

16%

14%

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

13%

8%

Lack of Time to Assess Patients

What barriers prevent you from making changes in your practice? 

N=773; multiple responses allowed 

26% identified no barriers to 
implementing changes in their 

practice. 

Of those who identified barriers, 94% 
will attempt to address the perceived 
barriers in order to affect changes in 

their practice. 



Topics of Interest

4%

29%

35%

41%

46%

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

Other

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

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

Novel therapies for Gram-negative infections

Selecting targeted therapy for resistant Gram-negative infections

Selecting targeted therapy for resistant Gram-negative infections (46%) was rated with highest interest for future 
education, followed by novel therapies for Gram-negative infections (41%).

N=773; multiple responses allowed



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

• More knowledge on resistance to B-lactams in P. aeruginosa
• MDR micro-organisms are getting more difficult to treat.
• Cross-resistance between beta lactams in P. aeruginosa is common
• The study breakdown of the newer agents really helped me 

understand the importance of how their use could be used in my 
place of practice

• Combination therapy for Pseudomonas
• Cross resistance with accepted baseline resistance was higher than I 

realized
• Using my institutions antibiogram can help in reduce MDR and improve 

patient outcomes
• Therapy needs to be patient and unit specific
• Better understanding of multidrug resistance and mechanisms involved
• Merrem after Zosyn or cephalosporin failure is not a magic bullet. 

Don't be afraid of Tobi if your antibiogram supports it.
• Resistance to one beta-lactam likely means resistance to others.
• Combining abx for MDR Pseudomonas
• Appropriate selection of antibiotics for MDRO infections
• Review in nosocomial infections
• Merrem is not a magic bullet for Pseudomonas
• A better understanding of these agents and resistance
• I did not realize Staph aureus is the leading type of PNA-causing 

bacterial infection following a virus. I also did not realize the true 
working breakpoints to Tobra and Amikacin were so low.

• Application of combination antibiograms
• Cross-resistance between beta-lactams to MDR GNRs

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? 
• Importance of clinical pt/location specific considerations
• Continue to use local antibiogram
• When you have pseudomonas resistance to one beta lactam, you 

will not get much more coverage by switching to another beta 
lactam

• The degree of cross resistance between cefepime, zosyn and 
meropenem in P. aeruginosa

• Ceftolozane/tazobactam for multidrug-resistant (MDR) Pseudomonas 
aeruginosa

• Pip/tazo is not necessarily the be-all end-all of empirical treatment for 
VAP/HAP

• Don't use meropenem if cefepime is not susceptible
• The antibiograms with two agents being added showing susceptibilities
• P. A resistant treatment recommendations.
• Unique comparisons of novel new agents
• Probably resistant to FQ if Beta also
• Considerable amount of data and newer strategies against pathogens 

b antibiotics, and how to use them in the case with Helen.
• Cross-resistance between ß-lactams in P. aeruginosa is common
• Review antibiogram for P. aeruginosa [susceptibility]
• European guidelines have a good algorithm
• Cross resistance for front line beta-lactams in P. aeruginosa
• Using antibiogram to drive treatment efficacy
• Knowledge of identifying different antimicrobial resistance
• Learning more about empiric antibiotics
• Treatment of resistant organisms can be very tricky.

• Need to have newer antibiotic on formulary for resistant Pseudomonas
• If a patient has a pseudomonas infection which is resistant to 

piperacillin-tazobactam the correct answer is not always to switch to 
meropenem

• Meropenem is still effective in Pseudomonas
• Use of a unit-based antibiogram
• MDR infections are problematic in treating hospitalized patients.
• Demonstrate an understanding of the molecular epidemiology of 

antibiotic resistance in bacterial pathogens
• If a bug is resistant to one beta-lactam, it is probably resistant to 

others. Also, the addition of Levaquin does not add much to the 
therapy of beta-lactam monotherapy.

• Though it seems MRDs are more challenging by the year, the 
drug industry continues to make strides in discovering new 
drugs and new combinations.

• That P. aeruginosa has become another bacteria whose development 
of resistance may become a bigger problem in the future

• Expected pseudomonal resistance to meropenem/vaborbactam in 
bacteria resistant to meropenem

• Cross Resistance between b-Lactams
• Broad coverage is empirically important for patients who need 

treatment for persistent/serious infection.
• Meropenem resistance is comparable with pip-tazo
• We really need a newer antipseudomonal medication on our 

formulary (need to stop switching between 
Zosyn/Merrem/Cefepime)



Activity Impact (cont)
What is one pearl you took away as a result of your participation? 
• Switching between beta lactams is not an effective treatment strategy if 

failure treating pseudomonas with on of these agents.
• Suggestion of adding an aminoglycoside to regimen for potential MDR 

HAP/VAP - we rarely use in my clinical setting
• Meropenem-vaborbactam is not active against meropenem-resistant 

Pseudomonas infections
• Change in breakpoints of antibiotic susceptibilities and need to 

include that info in our decision-making processes
• Treat each case as its own and get unit data on organisms it usually 

has
• Beta-lactam cross-reactivity, tobramycin added to beta-lactam abx for 

dual coverage, resistant to FQ is as much as beta-lactam
• Meropenem/vaborbactam is not suited for pseudomonal infections due 

to efflux of the antibiotic from the bacteria.
• Role of carbapenemases in PSA resistance
• Change to carbapenem for presumed failure of current 

antipseudomonal antibiotic may not be escalation in therapy
• Optimal dosing is almost as important as the right agent
• High incidence of cross resistance among AP-beta-lactams for PSA

• MDR's to Pseudomonas is very real in current practice
• Utilizing local information to determine your antibiogram for 

treatment related decisions.
• Cross resistance patterns with PsA and beta lactams.
• One pearl that I took away is that breaking points are very important as 

well as knowing my local epidemiology.
• The need to optimize antimicrobial therapy to ensure effectiveness of 

antibiotics and reduce resistance
• Mero/vabo is not better than mero for Pseudomonas resistance
• To pay particular attention to local antibiogram when determining 

empirical treatment
• Cross-resistance is another of a gauntlet of things to consider in anti-

microbial therapy.
• Increase knowledge of organisms' resistance and drugs selections



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

mailto:rkeenan@achlcme.org
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