innovative and creative, perhaps now will be the time for
another leap forward.
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Recognizing the Unique Role of Critical Care Providers in Confronting

Antimicrobial Resistance

The thoughtless person playing with penicillin treatment is morally
responsible for the death of the man who finally succumbs to infection
with the penicillin-resistant organism. I hope this evil can be averted.
—Alexander Fleming

Less than a century after its discovery by Alexander Fleming,
antimicrobial resistance (AR) remains a global crisis. An estimated
700,000 deaths globally are attributable to AR, with cataclysmic future
projections that surpass cancer-related deaths (1). Bacteria and fungi
that are resistant to all antimicrobial classes have emerged. How
did we get here? This systemic failure has resulted from clonal
dissemination of resistance traits and unchecked antibiotic use

in humans, agriculture, and livestock; inadequate stewardship;
insufficient commitment of resources; and in some instances, a lack
of political will. Only recently, a call to action by professional
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societies and federal and international leadership has boosted
antibiotic discovery, prompted legislation facilitating their expedited
approval, and informed the U.S. Congress’ decision to appropriate
large sums to confront the crisis (2). A high-level meeting on AR was
convened at the United Nations in 2016 to rally governments
worldwide to prioritize antibiotic restriction. However, these laudable
efforts will fall short without a grassroots effort in ICUs. At any given
time, infections afflict 51% of ICU patients worldwide, and nearly 71%
these patients are receiving antibiotics (3). The ICU environment is
characterized by intense antibiotic selective pressure and provider-to-
patient contact, and accordingly, it is notorious for more “severe”
resistance phenotypes (Figure 1) (4), de novo development of
multidrug resistance, and periodic outbreaks. More than two-thirds of
ICU-acquired bacteremia episodes at 162 European ICUs displayed
multidrug-resistant and extensively drug-resistant strains (5).
Furthermore, gravely ill patients with multiple comorbidities most
often acquire and succumb to difficult-to-treat pathogens (4, 6).
Despite regional variation in resistance repertoires across pathogens,
ICUs everywhere have become epicenters of clinically important AR.
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Figure 1. Proportion of unique inpatient encounters with gram-negative bacteremia associated with an ICU stay across resistance phenotypes (29,474

unique inpatient encounters, 170 U.S. hospitals in Premier Healthcare Database, 2009-2013). The figure depicts the proportion of ICU stays associated with
inpatients with bacteremia resulting from select taxa of gram-negative bacteria (Escherichia coli, Klebsiella pneumoniae, Enterobacter spp., Pseudomonas
aeruginosa, and Acinetobacter baumannii) across various phenotypes of resistance. The association with ICU stay was greatest for encounters with gram-
negative bacteremia displaying difficult-to-treat resistance (no active first-line agent categories) at 73%. Even among isolates with one or more active first-line

category, the association with ICU stay increased with increasing spectrum of the antibiotic category to which the isolate is resistant (carbapenems >
extended-spectrum cephalosporins > fluoroquinolones). Susceptible: 8,547/21,410; fluoroquinolone resistant: 1,845/4,342; extended spectrum
cephalosporin resistant: 1,401/2,756; carbapenem resistant: 328/526; difficult-to-treat resistant: 321/440. 'First-line agents are carbapenems, other
B-lactams, and fluoroguinolones. 2Without any of the four resistance phenotypes in the figure. *Extended-spectrum cephalosporins include third- and fourth-
generation cephalosporins (for P. aeruginosa, limited to antipseudomonal cephalosporins). “For GN bloodstream isolates, “difficult-to-treat resistant” indicates
intermediate susceptibility or resistance to all carbapenems, other B-lactams, and fluoroquinolones tested. The other resistance phenotypes shown are
defined using U.S. Centers for Disease Control and Prevention 2015 surveillance definitions (17). GN = gram-negative. Data from Table 2 of Reference 4.

As such, critical care providers worldwide are key stakeholders in
efforts to protect critically ill and injured patients from this crisis and
to ensure the future availability of highly effective antimicrobial agents.
Despite our relentless presence at the bedside, intensivists
are conspicuously absent from the AR crisis at the macro
level. Unlike the willful ownership of the field of sepsis by
intensivists, the field of AR has largely fallen under the purview
of infectious diseases (ID). Despite the substantial progress of
AR advocacy and lobbying, consensus on key issues such as
guidelines on antibiotic management of sepsis has suffered from
this compartmentalization (7). Furthermore, the NIH-funded
Antibacterial Resistance Leadership Group formulated to prioritize
and implement a clinical research agenda for AR, including studies
planned on critically ill patients, has no representatives from
critical care in its organizational structure (8). Several clinical and
research challenges related to AR today could benefit from the
participation and perspective of critical care providers. For
instance, for antibiotic orders, what is the correct balance between
autonomy and oversight of front-line providers in the ICU? Should
newly introduced antibiotics such as ceftazidime-avibactam and
meropenem-vaborbactam be included in the empiric therapy repertoire
for some patients? What clinical criteria, surveillance systems, and
resistance prevalence thresholds will form the basis for such decisions?
Should the current epidemiologic definitions of co-resistance
(i, multidrug-resistant, extensively drug resistant, and pan-drug
resistant [9]) be complemented by clinical classifiers more relevant
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to ICU patients (e.g., zero first-line agents available) (4) (Figure 1)
to facilitate rapid empiric therapy selection? Might a nuanced
understanding of acute organ dysfunction be leveraged to
refine risk-adjustment approaches in AR outcomes research?

In addition to hospital-wide guidance on antibiotic stewardship
and patient cohorting, ID specialists have an undeniable role in
the care of patients with resistant infections. Importantly, ID
involvement in ICUs has been shown to increase antibiotic
appropriateness (10), improve survival, and decrease ICU days (11).
However, the overwhelming volume and array of AR control and
management questions encountered on morning rounds in ICUs
with a high burden of resistance is unlikely to be feasibly answered
using the case-by-case ID consultative model. Intensivists frequently
have to make high-stakes decisions themselves, such as narrowing,
maintaining, or expanding antimicrobial regimens, paying careful
attention to dosage adjustments in organ failure and drug-drug
interactions, and as such, perform the balancing act of managing AR
infections in parallel with myriad other serious conditions. Although
the public health importance of antibiotic de-escalation is well
known, its direct effect on ICU patients remains controversial (12).
Yet, intensivists do tend to embrace the antimicrobial stewardship
mission, as noted in a Canadian survey (13). With increasing 24/7
attending coverage in ICUs nationwide, intensivists often encounter
decompensating patients long before ID consultants are available to
provide an informed opinion. This frequent, front-line contact with
AR is reason enough to solicit the unique perspective and expertise
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of intensivists in every domain from research and policy to scrutiny of
the safety and quality of novel management strategies. However, this
argument for greater involvement also comes with an obligation for
better training and more ownership of the AR problem facing ICUs.
A survey of critical care providers from 16 ICUs in New York
City revealed that although >95% respondents believed in vitro
antimicrobial susceptibility testing improved outcomes, only
33% were familiar with standard testing methods (14). Although
emergence of rapid molecular diagnostics will better inform
antimicrobial management in the future, intensivists will be expected
to synthesize and implement these results in real time. Directors of
ICUs need to nest the control of AR within existing ICU quality
initiatives; decreasing healthcare-associated infections will in turn
decrease AR. Intensivists must emphasize the importance of aseptic
and barrier precautions and procedural checklists to their teams
and become role models for handwashing, an inexpensive yet
underutilized solution for curbing AR. The interplay between AR
and sepsis is more relevant today than it was in the pre-crisis era,
yet neither of the recent landmark clinical trials evaluating early
goal-directed therapy (ProCESS [Protocol-based Care for Early
Septic Shock], ProMISe [Protocolized Management in Sepsis],
and ARISE [Australasian Resuscitation in Sepsis Evaluation]) in
sepsis mention AR. A recent analysis of time to antibiotics, as part
of a mandated care bundle, did not assess the appropriateness of
antibiotic therapy in culture-positive sepsis (15). Antimicrobial
resistance currently makes up less than 2% of the critical care
fellowship curriculum posted by the American Board of Medical
Specialties. Although it is not feasible to expect the intensivist
to be an expert in myriad resistance mutations and their
implications, knowledge of AR prevention, diagnosis, and
management is a reasonable expectation on par with ventilator
management, resuscitation, and extracorporeal therapies. As part
of the paradigm change toward a multispecialty critical care
workforce, a small but growing number of intensivists are in fact
receiving fellowship training in ID (16), and programs are
beginning to offer official tracks for dual-training; this dually
trained group could be leveraged for clinical, policy, and academic
contributions relevant to the AR crisis in our ICUs.

Author disclosures are available with the text of this article at
www.atsjournals.org.
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