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Activity Description: James Lewis, PharmD presented two patient cases relating to the assessment 
and treatment of serious infections caused by Gram-negative pathogens. A faculty panel from MAD-ID 
2019 provided supplemental background and discussed the application of local antibiotic susceptibility 
tests, PK/PD drug profiles, and selection of antimicrobial therapy to improve outcomes.

Availability: June 28, 2019 – June 28, 2020

Credit: 0.75 ACPE contact hours (pharmacists), 0.5 AMA PRA Category 1 Credits™ (physicians), 0.1 
IACET CEUs (nurses).

Sponsored by: The Academy for Continued Healthcare Learning (ACHL)

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

Direct activity access:

Overview



Activity Screenshots



Final Participation
5,149 Participants; 2,512 Certificates Issued

Practicing Type
52% Pharmacists, 14% Physicians, 14% NPs/PAs, 20% Other HCPs

Objectivity & Balance
Objectivity and balance rated as good/excellent by 100% of learners

Learning Objectives

98% of learners strongly agree or agree that all learning objectives were met, with an average rating of 3.35/4.0.

Faculty

Drs. Lewis, Karam, Simner and Pogue were highly rated 3.5/4.0

Executive Summary



Executive Summary
An effect size of 1.21 indicates that learners are now ~63% more knowledgeable of the content assessed 
than prior to participating in this education.

66% of learners intend to change their practice. Among other changes, 21% plan to both change their 
management of patients with gram-negative HAP/VAP and select a different therapy for patients with 
P. aeruginosa

There were marked increases in both types of learners who identified as being very confident 
selecting and/or advising on therapy for patients with serious Gram-negative infections post-activity. 

Changes will impact 10,896 to more than 18,548 patients with resistant Gram-negative infections 
each month. 

Participants indicated access to therapy as most common barrier to implementing changes in their 
practice, followed by lack of susceptibility testing and lack of experience with challenging infections.

Awareness of the new imipenem/cilastatin/relebactam combination therapy increased in pharmacy and 
non-pharmacy learners.



Outcomes Reporting Methodology
• Pharmacy vs. Non-pharmacy pre, polling and posttest questions:

• Both cases (Rita & Karl) were initially developed to educate infectious disease pharmacists. 
Since the enduring activity was made available to a large variety of clinicians, non-pharmacy 
questions were administered to non-pharmacy learners.

• 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. These questions, however, were optional and therefore reported 
on aggregate (unpaired)

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

• Polling data are anonymous and reported on aggregate(unpaired).



Activity Activity Title Cases Covered Target 
Audience

myCME/PowerPak
Participants 

Certificates
Issued

1
Assessing Antibiotic Pharmacology and 

Susceptibility to Guide Selection and Improve 
Outcomes

Rita & Karl Pharmacists 2,282 2,184

2
Optimizing Antibiotic Therapy to Treat Gram-

negative Pathogens and Improve Outcomes in 
HAP/VAP

Rita Non-
Pharmacists 2,867 328

Totals 5,149 2,512

Series Participation 

A total of 5,149 HCPs participated in the series and 2,512 CPE or CME certificates were issued.



Participation

52%

14%

9%

6%

5%
3%

11%

Participation by Clinician Type

Pharmacist
Physician
Physician Assistant
Student
Nurse Practitioner
Nurse
Other HCP

Participants Certificates 
5,149 2,512

Susceptibility Testing Access

15%
15% of learners have access to susceptibility testing for newer agents 
such as ceftazidime-avibactam and ceftolozane-tazobactam at their 
institution. This is a dramatic reduction compared to the 66% of the 

live audience at MAD-ID ’19 that have access to susceptibility testing.

52%

10%

9%

7%

6%

2%
14%

Participation by Specialty

Pharmacy
Surgery
Infectious Disease
Internal Medicine
Emergency Medicine
Pulmonology
Other



Learning Objectives

98% of learners strongly agree or agree that all learning objectives were met, with an average rating of 3.35.

Please rate the following objectives to indicate if you are better able to: Analysis of Respondents
Rating scale: 

4=Strongly Agree; 
1=Strongly Disagree

Demonstrate an understanding of the molecular epidemiology of antibiotic 
resistance in bacterial pathogens 3.34

Summarize the salient features and critical differences between the antibiotics 
currently in development for use against Gram-negative pathogens 3.35

Describe strategies to optimize antimicrobial therapy to ensure effectiveness of 
antibiotics and reduce resistance 3.35

N=2,547



Satisfaction

All aspects of the activity were highly rated at 3.45 or higher.

Overall Evaluation Analysis of Respondents

Rating scale: 4=Excellent; 1=Poor

Quality of educational content 3.50

Effectiveness of teaching method used 3.45

Appropriateness and effectiveness of active learning strategies 
(questions, cases, discussion, etc.) 3.47

Importance of clinical topics (eg, novel antimicrobials/antimicrobial 
stewardship protocols) 3.52

N=2,542

95% of learners would recommend this activity to a colleague. 



Faculty Evaluation

The faculty were rated good or excellent across all areas by 96% of learners, with an average rating of 3.50.

Please rate the faculty on the criteria 
listed

Rating scale: 4=Excellent; 1=Poor

Ability to effectively 
convey the subject 

matter

Ability to deliver 
an objective and 

balanced 
presentation

Ability to present 
scientifically 

rigorous 
information

James Lewis, II, PharmD 3.51 3.51 3.51

George H. Karam, MD 3.50 3.50 3.50

Jason M. Pogue, PharmD, BCPS-ID 3.50 3.51 3.51

Trish Simner, PhD, D(ABMM) 3.47 3.48 3.47

N=2,459



Objectivity & Balance

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

100%

Did you perceive any bias?

Yes No

N=2,525



11%

57%

32%27%

67%

6%

25%

63%

12%
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0%
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Confidence Assessment 

There were 145% and 117% increases in pharmacy and non-pharmacy learners, respectively, who self-identified 
as “very confident” selecting and/or advising on therapy for patients with serious Gram-negative infections post-

activity. This dramatic increase in confidence was sustained in the 30-day follow-up survey.

How confident are you now in selecting and/or advising on therapy for patients with serious Gram-negative 
infections? 
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28%
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40% 41%

19%

46%
40%

14%

Always Sometimes Never
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Clinical Assessment 

The percentage of learners planning to always consult their institution’s local antibiograms when selecting and/or 
advising on empiric therapy for patients with serious infections increased post-activity with a greater increase in 
non-pharmacy learners. As noted on slide 8, learners in this activity have may have less access to susceptibility 

testing which may have influenced results on this question. 

How often do you consult [plan to consult] your institution’s local antibiogram when selecting and/or advising on 
empiric therapy for patients with serious infections?
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Pretest vs. Posttest Summary

Learners demonstrated improved knowledge and competence on all pre/posttest questions.

52%
40%

28%
41%

79% 74% 73% 72%

0%

20%

40%

60%

80%

100%

Guidelines Tx Selection
(VAP)

Dosing Relebactam TX Selection
(cUTI)

Pre 1st Attempt Post

Topic
Pharmacy 
Learners

% Change

Non-pharmacy
% Change 

Guidelines N/A 272%

Therapy selection for VAP 52% 93%

Dosing 85% 81%

Relebactam 161% 172

Therapy Selection for cUTI 76% N/A

Overview of Correct Responses

18%

41% 42%
25%

67%
79% 76%

68%
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20%

40%

60%

80%

100%

Guildelines Tx Selection
(VAP)

Dosing Relebactam Tx Selection
(cUTI)

Pre 1st Attempt Post

Pharmacy Learners

Non-pharmacy Learners

N/A
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Cohen’s d Effect Size

An effect size of 1.21 indicates that learners are now ~62.52% more knowledgeable of the content assessed than 
prior to participating in this education.

Pre-Test Post-Test

37%Mean 

0.298Standard 
Deviation

788Sample Size

74%Mean 

0.315Standard 
Deviation

788Sample Size

Cohen’s d Effect Size = 1.21

This Effect Size calculation includes all learner completers and encompasses all pre/post-test questions. First-
attempt posttest and paired data was used to calculate post-test mean and standard deviation.

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



Rita: 57-year old
• 67-year-old woman, returned from Mexico where she was hospitalized for a COPD exacerbation, 

diagnosed with ventilator-associated pneumonia, and received 14 days of meropenem and 
ciprofloxacin

• Hospitalized again due to worsening difficulty breathing with fever

• Diagnosed with pneumonia, started on cefepime and azithromycin

• Sputum cultures reveal numerous Gram-negative rods, subsequently identified as P. aeruginosa. 
She is not improving clinically, is intubated, and moved to ICU

• Susceptibilities return for P. aeruginosa as R to cefepime, ceftazidime, piperacillin-tazobactam, 
meropenem, and ciprofloxacin



Knowledge Assessment: Risk Factors

Learner recognition of risk factors for this theoretical patient was 
relatively high; however, more than one-half failed to identify that 

foreign travel is a risk factor for antibiotic resistance.

What risk factors for drug resistance are evident in Rita? (Select all that apply)

P. aeruginosa Risk Factors

A. Recent hospitalization
B. Exposure to multiple antibiotics 
C. Structural lung disease (ie, COPD)
D. Travel abroad 79%

85%

71%

54%

A B C D
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Polling (n=306)

Non-pharmacy Learners



Knowledge Acquisition: Guidelines

There was a 272% increase in learner awareness that mortality risk is 
included in the European guidelines. This increased knowledge may 
translate into selection of more aggressive antibiotic approaches for 

high-risk patients.

Which of the following is a difference between the Infectious Diseases Society of 
America/American Thoracic Society (IDSA/ATS) and the European Respiratory 
Society (ERS) guidelines for assessing and treating HAP/VAP?

Guidelines

A. Recommendation for the use of biomarkers for the diagnosis 
of HAP/VAP

B. Selection of therapy based on mortality risk
C. Use of local antibiograms
D. Recommendation of 7–8 days of antibiotic therapy for most 

patients
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Clinical Competency: Therapy Selection 

Immediately post-activity, increased percentages of learners selected 
ceftolozane-tazobactam for this patient case compared to the pre-

survey, suggesting an increased awareness of ceftolozane-
tazobactam’s higher inhibitory activity against P. aeruginosa than 

ceftazidime-avibactam. The magnitude of change was greater in non-
pharmacy learners. The follow-up survey data indicate sustained 
competency with selection of therapy across both learner types. 

Rita’s susceptibilities return for P. aeruginosa as R to cefepime, ceftazidime, 
piperacillin-tazobactam, meropenem, and ciprofloxacin. Unfortunately, newer 
agents are not routinely tested in your lab. What would you recommend for your 
patient, Rita?

A. Continue current therapy until additional susceptibility results are available

B. Switch to ceftolozane-tazobactam

C. Switch to ceftazidime-avibactam

D. Switch to eravacycline monotherapy

P. aeruginosa Therapy Selection Pharmacy Learners
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41%
26% 21%
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Non-pharmacy Learners



Knowledge Acquisition: Dosing

There was an approximately 80% increase in learners' knowledge of 
ceftolozane-tazobactam dosing in HAP/VAP following the activity. Pre-

activity, approximately 40% selected the approved dose for 
complicated urinary tract infections versus HAP/VAP. This confusion 
between dosage warrants continued educational reinforcement and 

delineation between these target audiences.

Additional susceptibilities return for this 67-year old woman with VAP, P. 
aeruginosa is susceptible to ceftolozane-tazobactam and ceftazidime-avibactam. 
After consultation, it is determined that ceftolozane-tazobactam will be initiated. At 
what dose would you use?

Ceftolozane-Tazobactam Dosing

A. 750 mg every 8 hours infused over 1 hour
B. 1.5 g every 8 hours infused over 1 hour
C. 3 g every 8 hours infused over 1 hour
D. 4 g every 8 hours infused over 1 hour

14%

41% 40%

5%5%
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74%

37%

63%
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Knowledge Acquisition: Relebactam

Both learner types demonstrated increased recognition of relebactam
as the non-β-lactam, bicyclic diazabicyclooctane β-lactamase inhibitor 
of class A and class C β-lactamases under investigation in combination 
with imipenem. Future education should address practical application 

of this new combination approach.

A combination of imipenem and which of the following agents is under 
investigation as an approach to imipenem-resistant P. aeruginosa?*

Relebactam

A. Tazobactam
B. Cefiderocol
C. Relebactam
D. Vaborbactam

38%

12%
28% 22%

13%
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73%

9%
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Karl: 62-year old
• 62-year-old male with neurogenic bladder who intermittently straight catheterizes 

himself has experienced at least three UTIs within the last 9 months
• Urinary cultures have been positive for E. coli
• He presents to the emergency department after being found febrile and generally ill 

appearing at his skilled nursing facility



Clinical Competency: Therapy Selection

Pharmacy learners demonstrated a 76% increase in selection of the 
most appropriate therapeutic approach for the theoretical case patient. 

There was a shift from selection of therapy for E. coli to a more 
aggressive approach, suggesting that learners gained increased 
appreciation for this case patient’s risk for multidrug resistance.

What would be your approach in selecting therapy for Karl?

cUTI Therapy

A. Empiric therapy for E. coli
B. A combination regimen for multidrug resistance
C. Target gram-positive pathogens
D. Wait until microbiology results are available 
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Clinical Competency: Therapy Selection

Slightly more than one-half of pharmacy learners selected ceftazidime-
avibactam for this patient while one-third elected to use meropenum. 

Although such decisions may be influenced by local factors (ie, lack of 
access to new therapies), these data suggest that pharmacy learners may 

need further education on selection of therapy for complex, severely ill 
patients such as those who have received prior therapy or have a history of 

drug resistance.  

Immediately after finishing the 10-day course of piperacillin-tazobactam, Karl is 
transferred back to the hospital for urosepsis and he is hemodynamically 
unstable. What therapy would you select for Karl given his history of resistant E. 
coli and P. aeruginosa?

cUTI Therapy

A. Eravacycline
B. Ceftazidime-avibactam
C. Meropenum
D. Piperacillin-tazobactam
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Cumulative Evaluation 
Results



Practice Change

66% of learners intend to change their practice as a result of this education. Among other changes, 24% will 
increase use of their local antibiograms and 21% plan to both change their management of patients with Gram-

negative HAP/VAP and select a different therapy for patients with P. aeruginosa.

30 days post-participation, 28% of follow-up participants indicated they either fully or partially implemented these 
changes.   

71%

19%

5%

19%

34%

8%

24%

19%

21%

21%

0% 10% 20% 30% 40% 50% 60% 70% 80%

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

Other changes

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 P. aeruginosa

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

Post (n=2,533)
Follow-up (n=21)

Multiple responses allowed



Patient Care Impact

34%

37%

15%

5%

9%

Number of patients with resistant Gram-negative infections affected by these changes 
each month:

0

1-5

6-10

11-15

>15

Changes will impact 10,896 to more than 18,548 patients with resistant Gram-negative infections each month. This 
assumes data in chart above is representative of all participating healthcare professionals (5,149), who indicated 

they would change their practice as a result of their participation in this activity (66%). 

N=2,544



Barriers to Planned Change

29%

5%

5%

9%

10%

13%

13%

15%

17%

23%

0% 10% 20% 30% 40% 50% 60%

No barriers

Other

Patient compliance issues

Reimbursement/insurance issues

Lack of time to assess/counsel patients

Lack of administrative support

Lack of opportunity (eg patients w/ these infections)

Lack of experience with challenging infections

Lack of susceptibility testing resources

Access to novel therapies

Participants indicated lack of access (23%) as most common barrier to implementing changes in their practice, 
followed by lack of susceptibility testing resources (17%) and lack of experience with challenging infections (15%). 

Of those who identified barriers, 66% will attempt to address the perceived barrier(s) in order to affect change.

N=2,535; multiple responses allowed 



Topics of Interest

39%

36%

33%

43%

0% 20% 40% 60%

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

Therapy selection for resistant Gram-negative infections and implementing antimicrobial-stewardship programs 
were rated with highest interest for future education. 

N=2,528; multiple responses allowed



Activity Impact

This activity was highly effective, with over half of learners indicating participation in this activity will improve their 
patients’ outcomes.

Self-reported activity impact Yes No No change

Increase competence 56% 13% 53%

Improve performance 54% 13% 33%

Improve patient outcomes 53% 13% 34%

N=2,542



Summary of Open-Ended Intent to Change 
Responses: Areas of Prioritization

Improve susceptibility 
reflex testing

Change or develop 
(combo) antibiogram

Optimize 
multidisciplinary 
education 

Optimize therapy and/or 
dosing regimens 

Add agents to formulary

Refer more readily to 
antibiogram

34%

32%

16%

16%

16%

12%
Respondents asked to identify changes to practice; see slides 33-35



Anticipated Practice Changes
Please list up to 2 things you will do differently as a result of participating in this activity:
• Develop guidelines for specific antibiotic use (new agents) and develop 

algorithm for treatment of gram-negative bacteremia based on C&S 
results

• Susceptibility reflex testing in place and relook at Zerbaxa profiles of 
sensitivity

• Get Zerbaxa more testing and monitor release 
• Push for more testing resources, ensure newer agents are available
• Optimization of beta lactam dosing, establish reflex testing process for 

CRE
• Evaluate mechanisms
• Knowledge of pseudo amp C
• Revise antibiotic guidelines , summarize info presented and distribute 

to clinical pharmacists, micro, ID physicians
• Review cultures more closely
• Work closely with micro to improve testing, optimize ESBL therapies
• Early testing
• Add newer agents to formulary
• Update notifications in CDSS  and leverage resistance data to build 

cases for RDT

• Check on ceftaz/ava and ceftol/tozo susceptibility testing - how long to 
obtain? And work on a combination antibiogram

• Robust testing and antibiogram
• Avoid using colistin in these patients
• More one on one education not only the pharmacist but also nursing, 

case managers and physicians
• Have my ICU PharmD focus on patients
• Work closely with micro in reporting and consider 2 drug therapy for 

PSA
• Will educate hospital pharmacists to properly read susceptibilities in 

MDR organisms and keep discussions with microlab to pursue reflex 
testing when organisms are highly resistant

• Identify patients that would benefit from GN therapies
• Educate PharmDs and MDs on new agents
• Refer to antibiogram to choose most narrow therapy and de-escalate 

therapies sooner when possible
• Research/study mechanisms of resistance among GN and look into

reflex testing



Anticipated Practice Changes
Please list up to 2 things you will do differently as a result of participating in this activity:
• Increase testing for MDR isolates and institution specific MDR 

guidelines
• Get testing for new abx, implement reflex testing, get asp on board 

sooner
• Increase review of cultures immediately, provide information to 

stewardship  teams to narrow more quickly
• Reflex testing, looking to update antibiograms either syndrome specific 

or combination
• Start broad spectrum coverage earlier if carbapenem/pseudomonas 

resistance is suspected
• Look more into combined antibiogram also reflex testing
• Improved confidence in this area
• Optimize therapy based on MCR, think about ANS/micro team 

separate from current ASP meeting
• Better use of antibiograms, combination versus mono therapy
• Use the information for education to pharmacists and providers at my 

institution, empower new ID clinicians to make their decision
• Exploring and researching more, drug resistance , discuss with ASP 

team determine number of incidences of cases similar

• Learning more about carbapenem resistance and risk factors of 
patients

• Add reflex testing and develop combination antibiogram
• Check with lab on susceptibility testing of newer agents, generate 

reflex testing protocols, argue with PFT to add ceftolozane/tazo to 
formulary to get right drug more timely

• Review GMO resistance mechanisms
• Treating HAP/VAP empirically with one agent only. Create an ICU-

specific antibiogram
• I will brush up on my knowledge of resistant pathways and will pursue 

the use of reflex testing
• Present to staff RPH
• Talk to lab regarding testing new agents
• Educate colleagues on GN injections , use antibiogram/ work closely 

with micro
• Develop reflex testing algorithm
• Implement extended infusion
• Consider use of agents in special populations , be more aware of 

patient specific factors in all cases but especially in VAP patients with 
pseudomonas

• Discuss combination antibiogram with colleagues, educate  them on 
the new gram-negative agents



Anticipated Practice Changes
Please list up to 2 things you will do differently as a result of participating in this activity:
• Review antibiograms more frequently, read C&S to try to recognize 

resistance mechanisms
• Discuss options to test susceptibility for newer agents with microlab, 

expand rapid diagnostic testing, possibly respiratory panel
• Look into combo antibiograms
• Discussions w/ID physician for injections, future strategies
• Contact proper channels for new drug
• Combination antibiograms, extended infusion
• Higher dose to avoid double coverage, review local 

epidemiology/antibiogram
• Importance of combo biogram, explore lab capabilities with additional 

susceptibility testing
• Add additional information to our hospitals antibiogram, encourage 

reflex testing in more appropriate cases/ micro cultures
• Look back at antibiogram and optimize monotherapy- if possible due to 

local resistance patterns
• I will focus on stream lining our micro reflex testing
• Look for risk factors to recognize patients with higher risk for MDR
• Reflex testing for MDRO , local double PSA antibiogram

• Consider adding more antibiotics/ new agents for pseudo-a coverage 
/gram coverage

• Consult ID for complicated MDR UTIE ESBL/ plasmid and consider 
newer agents for complex mix for MDR

• Ask micro lab to reflex test on MDR organisms, work on identification 
of high-risk patients who need more agents

• Reflex testing, access to novel agent testing on-site
• Discuss reflex testing of MDR pseudomonas isolates , lower duration 

of VAP treatment to 7 days , evaluate outcomes, lower duration based 
on organisms

• Analyze resistance mechanisms more closely using published 
literature

• Use my knowledge on mechanism of resistance to think of idea 
antibiotics, use of knowledge of newer antibiotics and potentially make 
recommendation when needed

• Assess susceptibility pattern , redesign guidelines
• Update existing treatment pathways for PNA (HAP/VAP)
• More emphasis on using antibiograms
• Treatment recommendations for infections
• Evaluate a combined antibiogram for HAP/VAP patients
• Utilize broad empiric abxs based on local antibiogram and assess 

resistance genes to select appropriate treatment



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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