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CASE 1

◼ 62yo F w/ h/o gastric bypass s/p 
multiple procedures 🡪 total 
gastrectomy, presents w/ back pain, 
chest pain, body aches. Denies dysuria 
or hematuria.

◼ Given 2g ceftriaxone in referring ED 🡪 
transfer to ICU facility due to sepsis 2/2 
UTI

◼ Upon arrival: Tmax 103, tachypneic, 
WBC 18, lactate 2.1, BP 80/50

◼ CT PE, troponin, EKG all negative

◼ Resident calls stewardship 
phone around 11pm

◼ “How do I dose gentamicin for 
bed 1?”



ARE WE 
ASKING THE 
RIGHT 
QUESTION?



18 months prior



WHAT INFORMATION DO I HAVE TO GUIDE EMPIRIC PRESCRIBING

Micro data

◼ KPC-producing K. pneumoniae in urine 18 months 
prior to admission

◼ Pan-susceptible E. coli and K. oxytoca in urine 16 
months prior to admission; mostly susceptible E. 
coli 9 months prior to admission

◼ Multiple TPN port infections with CONS over time

◼ MRSA bacteremia 6 months prior to admission

◼ TODAY: Urine and blood cultures pending

Patient-specific data

◼ Frequent flyer, lots of antibiotic exposure

◼ History of CRE (but >1 year ago?)

◼ Sulfa allergy

◼ Received 2g CRO ~8 hours ago and 
clinically worse



THINGS GOING THROUGH MY HEAD

◼ I can’t call anyone it’s 11pm
◼ Is a culture from 18 months ago worth covering empirically?
◼ If the answer is yes, then the solution isn’t gent
◼ I’ve worked here about a year and I don’t think I’ve seen or heard anyone give a 

novel BLBLI before culture data returned? Have I? 
◼ OMG am I really going to recommend… 
◼ I am a pharmacist and my life’s worth is drug dollars saved!!
◼ I am a pharmacist and my job is to provide exceptional patient care. Period.
◼ This patient is incredibly ill Erin don’t blow this
◼ I am a good pharmacist who will monitor this patient every step over the next few 

days and I can stop or change antibiotics as easily as I can start them
◼ I’m gonna do it I’m gonna go for it Yes this is the right call You can do this Erin
◼ Lol I am going to tell the ICU to ADD vanco that’s interesting what a night



RECOMMENDATION

(beyond the scope of this talk but note the full 
dose recommendation despite the AKI)



TO QUOTE THE GREAT DR. ROBERT BONOMO

“If you can save a life, I think you should”



This susceptibility reported 2 
days later



WE LOVE A HAPPY ENDING

Patient discharged to a SNF on hospital day 5

Still a lot to learn!!

Empiric escalation is good 
antimicrobial stewardship



KLEBSIELLA PNEUMONIAE CARBAPENEMASE (KPC)

◼We have options now!!!

◼UTI 🡪 FQ, TMP/SMX, nitrofurantoin, single-dose AG

◼Other infection sites 🡪 ceftazidime-avibactam, meropenem-vaborbactam
◼ Comparative data suggest similar outcomes; more resistance development with CZA?

◼ Imipenem-relebactam displays in vitro activity but no clinical data yet

◼ Mutation selection in vitro?

◼ Cefiderocol displays in vitro activity but limited clinical data is conflicting

◼ Tigecycline/eravacycline reasonable for intraabdominal infections, bone/joint infections

Ackley R, et al. AAC. 2020.
Tamma PD et al. Clin Infect Dis. 2022. 



THE PHENOTYPE GAME



THE PHENOTYPE GAME

 45yo F w/ extensive abdominal surgical 
history; recently admitted with klebsiella 
bacteremia s/p course of 
ceftazidime-avibactam. New cultures 
shown above.

Tamma PD et al. Clin Infect Dis. 2022. 
Van Duin D, Arias CA, et al. CRACKLE-2. 2020.



IS PHENOTYPE ENOUGH?

Upon additional testing, 
confirmed to harbor KPC-3 
D179Y variant. 
MVB MIC= 0.064 mg/L.

Taracila MA, et al AAC. 2022.
 Shields RK, et al. OFID. 2017.



DO I NEED A BLI?

◼ This question is unanswered clinically but 
pretty settled in vitro 

◼ I could have the genotype, phenotype, or both 
debate all day – in a perfect world we’d always 
have both

◼ The bug matters (e.g., K. pneumoniae vs E. 
aerogenes)

◼ Carbapenem treatment of 
ceftazidime-avibactam-resistant K. pneumoniae 
infections may select for carbapenem 
resistance

◼ In general, if you’re using an antibiotic, you 
should confirm it is active

Giddins MJ, et al. AAC. 2017.
Shields RK, et al. AAC. 2017.



DO I NEED A BLI?

Tamma PD, et al. CID. 2022.



IS PHENOTYPE ENOUGH?

Kim YA, et al. CID. 2012.
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KPC - negative KPC - positiveExposures confirmed by UHPLC-MS

Shields RK, et al. ECCMID 2020

@ryankshields



NON-CP-CRE IS ACTUALLY OUR BIGGER PROBLEM
74 yo M with necrotizing pancreatitis with a complicated 
intra-abdominal infection. OR cultures from an abdominal 
abscess grow carbapenem-resistant Enterobacter 
cloacae
◼ PCR confirms carbapenemase negative (targets = KPC, 

OXA-48, NDM, VIM, IMP)

Meropenem and meropenem-vaborbactam MICs are 
the same. This is a dosing and breakpoint issue.

MEM ≤ 4 (1g IV q8h over 30 minutes meropenem)
MVB ≤ 4/8 (2g IV q8h over 3h meropenem)

Deploy CZA vs extended infusion mero?



67 yo with poor compliance to medical care presenting with 
a worsening right foot infection
◼ PMH: Severe PVD, CHF
◼ Refused bilateral amputation

◼ Vitals: T=39.4, BP=80/46, WBC=15.6
◼ Blood cultures turn positive within 24 hours…

JUST AN AVERAGE AFTERNOON IN PITTSBURGH



Lol wtf



BEFORE YOU BUST OUT BLBLIS…
COMMON THINGS ARE COMMON

Stewardship 
collaboration with micro 

lab to rapidly update 
reporting



Back to this



REPEAT MIC RESULTS (ETEST)

Meropenem >32 Ceftaz-avi  >256 Mero-vabor  = 12

Originally 
reported MIC = 1Meropenem-vaborbactam Etest read too early may 

overcall susceptibility



◼ blaVIM detected
◼ Negative for KPC, NDM, 

IMP
◼ Aztreonam MIC = 0.125 

µg/mL!!!!
◼ Why reported resistant?

Patient 
isolate

Controls

So, what is this? 



◼ 107 MBL-producing bloodstream infections; treatment with ≥1 
antimicrobial showing in vitro activity for at least 48 hours

◼ Mortality
◼ 19.2% CZA-ATM vs 59.3% Colistin-containing vs 26.1% Non-colistin therapy

Falcone M, et al. Clin Infect Dis. 2020 May 19;ciaa586.
Davido B, et al. Antimicrob Agents Chemother. 2017.

Factor HR (95% CI) P Value

Cardiovascular disease 6.62 (2.77–15.78) <.001

Solid organ transplantation 3.52 (1.42–8.69) .006

SOFA score (each 1 point increment) 1.21 (1.1–1.32) <.001

CZA+ATM (vs OAA) 0.17 (.07–.41) <.001

METALLO-BETA-LACTAMASE-
PRODUCING CRE



BUT WE CAN’T ASSUME ANYTHING

• 106/459 isolates have ATM-AVI MICs 2-32
◼ 76 isolates randomly screened, 72 had insertions!! 

• Two common 4-AA insertions in PBP3 decrease 
the activity of aztreonam-avibactam
• YRIN or YRIK at position 333 (Ambler numbering)

• Recommend susceptibility testing of 
combinations whenever possible – don’t assume 
they are active 



WE ALSO BREED THIS…. (#H2P)

61 y/o male with NDM-5 E. coli 
bacteremia (YRIN insertion)

CAZ-AVI + ATM MIC increased 
from 16 to >256 after therapy

WGS of both isolates revealed an 
additional mutation in PBP3 
(A417V)



METALLO-BETA-LACTAMASE SUMMARY

Aztreonam alone *might* work Watch those automated panels; genotypic testing

Ceftazidime-avibactam plus aztreonam has some clinical 
data to support use (prolong those infusions!!)

Confirm susceptibility, especially for NDM
I-R-ATM and MVB-ATM may also display in vitro synergy; no clinical 
data

Cefiderocol is a reasonable option CREDIBLE-CR Clinical Cure: 75% (12/16) FDC vs 29% (2/7) BAT
Higher MICs for NDMs

Non-β-lactam options, if in vitro susceptible (TMP/SMX, FQs, tetracyclines, etc)

New BLIs on the horizon
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STENOTROPHOMONAS MALTOPHILIA

Aztreonam MIC 
>256 µg/mL

Ceftaz-avi MIC 
256 µg/mL

Ceftaz-avi + 
aztreonam MIC   

2 µg/mL



OTHER FUN 
NON-FERMENTER
S

Caverly LJ, et al. AAC. 2020.



THERE’S ALWAYS THOSE UNIQUE TIMES FOR BLBLIS, TOO!



CEFTOLOZANE/TAZOBACTAM AND IMIPENEM/RELEBACTAM

55 y/o female with NICM s/p LVAD with recurrent driveline infections and bacteremia 
due to MDR P. aeruginosa following exposures to β-lactams

Meropenem x 8 days TOL-TAZ x 8 weeksLots of prior 
exposures

Rubio AM, et al. AAC. 2021.
Slide adapted from Ryan Shields



PSEUDO RESISTANCE IS WILD

Check out Ryan 
Shields tomorrow at 

10:05am!



PSEUDOMONAS SUMMARY

• Ceftolozane-tazobactam (C/T) vs. ceftazidime-avibactam (CZA) vs. imipenem-relebactam 
(I-R) decision should be based on local epidemiology
o No comparative effectiveness data (but look out for it!        )
o Give over 3h infusion (except imipenem)

• C/T and I-R have comparative clinical data to support they are more effective and less toxic 
than polymyxins or aminoglycosides; outcomes are better if started earlier

• Cefiderocol an option if all 3 BLBLIs are resistant



USING OLDER, 
MORE TOXIC 
DRUGS MAKES 
US SAD



THERE’S STILL 
A LOT TO 
LEARN



BLBLIs have saved lives, are cost 
effective when you look at the 
comprehensive care picture, and 
we’re very happy about that


