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abstract

Patients with febrile neutropenia (FN) often are subject to antibiotic and diagnostic test overuse. We sought to
improve appropriate use of antimicrobials and diagnostic tests for patients with FN. We used a blended quality
approach with Lean Six Sigma tools and iterative improvement of a clinical decision aid to guide providers
through empirical antimicrobial selection and diagnostic evaluation of patients with FN during a yearlong period.
We evaluated the incidence of nonadherence to best practice before, during, and after rollout of a clinical
decision aid in conjunction with an educational initiative. At baseline, 71% of patients with FN had at least one
critical deviation from best practice. During the project, the percentage decreased to 27.3%; 4 months after the
project was completed, the percentage was 33.3% (P = .04). A clinical decision aid can improve adherence to
best practices for the empirical management of FN.
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INTRODUCTION

Neutropenia induced by antineoplastic chemotherapy
is a common complication of cancer treatment. Pa-
tients with hematologic malignancies are at increased
risk for infectious complications during neutropenia.
More than 80% of neutropenic episodes in this pop-
ulation may be complicated by fever.1 Febrile neu-
tropenia (FN) in high-risk patients with hematologic
malignancies is considered a medical emergency
(average mortality, 14.3%).2

Several national and international societies have de-
veloped evidence-based guidelines for clinicians
treating patients with FN.1,3-5 The guidelines outline
management strategies that focus on a time-sensitive,
patient-centered evaluation with judicious and effec-
tive antimicrobial selection.

Compliance with FN guidelines improves the effective
use of antimicrobials,6 but the suboptimal rate of
adherence to guidelines at many institutions results
in poor antimicrobial stewardship practices, larger
pharmaceutical expenses, and negative patient care
outcomes.7,8 In many studies, implementation of in-
stitutional evidence-based care models for patients
with FN has improved outcomes (Table 1).

Implementation of antimicrobial stewardship programs
for patients with FN is often challenging, because they
are vulnerable hosts for various microbial infections.
These patients may need more aggressive regimens
because of their ongoing exposure to health care

environments, the potential for colonization with nos-
ocomial pathogens, and their ongoing immunosup-
pression. However, data suggest that implementing
antimicrobial stewardship programs for patients with FN
improves mortality.11,12,14-17 Thus, we sought to sys-
tematically evaluate and improve our institutional
guidance for management of FN.

METHODS

Our scope was the empirical treatment of fever (ie,
treatment in the first 24 hours when a confirmed
microbiologic or other cause was not available) in adult
patients who had neutropenia according to results of
laboratory testing. We first attempted to define the
optimal FN care model within our institution. With an
evidence-based review and the infectious disease
physician stakeholders identified as subject matter
experts, we used a modified Delphi approach to
construct a care model on the basis of published
guidelines and local practice. In the modified Delphi
model, subject matter experts were asked to separately
submit what they considered the most critical ele-
ments and pathways to optimal care of a patient with
FN. Then, they were asked to vote anonymously on
a ranking of these elements in sequential rounds of
online voting. The separate submission and anony-
mous voting process were intended to facilitate ex-
perts’ convergence on an answer to a problem without
concerns of disagreements leading to repercussions or
rhetoric swaying opinions more than re-evaluation of
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evidence. When convergence on critical elements was con-
sistent with the guidelines, we constructed amodel identifying
the critical elements for an evidence-based algorithm for local
FN empirical care (Fig 1).

Measuring Compliance With Best Practice

The algorithm was used to evaluate our baseline compli-
ance with best practice. Errors were categorized as critical
(ie, having more immediate clinical impact; pertaining to
treatment or antibiotic choices or to major diagnostic
studies, such as radiologic studies or invasive studies) or
noncritical. This division between critical and noncritical
processes was based on discussion with subject matter
experts and considered those that affect care immediately
(eg, invasive procedures and antibiotic choices) or have
a high cost (invasive or radiologic studies) as critical,
whereas deviation from laboratory testing was designated
as noncritical.

Using Mayo Clinic’s Advanced Cohort Explorer, an elec-
tronic health record search tool, we identified all potential
patients with FN admitted in a 2-month baseline period
(January 1, 2016 through March 1, 2016). Patients with
potential FN were identified based on a combination of text
searching for terms pertaining to febrile neutropenia in
clinical notes as well as admission vital signs and absolute
neutrophil counts. Manual review was used to determine if
these patients truly met the criteria of febrile neutropenia.
We subsequently assessed whether antimicrobials, radio-
graphs, and laboratory studies were each matched with
recommendations from the algorithm. This same methodol-
ogy was used for project-end and post-projectmeasurements.

Project-end measurements were performed when the
content of our algorithm was in its final form; post-project
measurements were conducted 3 months after broader
dissemination of the algorithm.

Interventions

From our baseline assessment, we aimed to decrease
critical deviations from optimal FN management by 50%.
Through several focus group meetings, we identified several
factors contributing to nonstandard care. The focus groups
identified knowledge gaps in best practice for restrictive use
of antimicrobials in FN and showed that the present ordering
systems did not facilitate appropriate antimicrobial selection
for FN. Because our institution was preparing for a change
in the electronic health record system and a moratorium
preventedmodifying the order set modification, restructuring
the ordering system was not feasible. Therefore, we focused
on creating a tool to assist providers in identifying and using
appropriate diagnostics and antimicrobial therapy for
management of FN in the first 24 hours.

We used AskMayoExpert (AME), a Mayo Clinic application
for medical knowledge, to publish a care process model
(CPM) for standardization of FN management. AME con-
tent is written and vetted by Mayo Clinic experts and is
a culmination of best-practice advice on hundreds of
medical conditions.

To create and disseminate the CPM, we used a plan-do-
study-act cycle. We composed an algorithm for best-
practice evaluation and antimicrobial prescribing on the
basis of the suspected patient syndrome causing fever.
We solicited additional input from the stakeholders in the

TABLE 1. Studies Evaluating Standardized Approaches to Patients With FN
First Author Evaluation Design Results

Nucci6 Implementation of IDSA guidelines
and resultant glycopeptide use

Before (n = 45);
after (n = 97)

Glycopeptide use decreased from 73% of episodes
to 43% (P , .001) without changes in outcome

Zuckermann9 Implementation of institutional
critical pathway for FN

Before (n = 193);
after (n = 190)

Decreased in-hospital all-cause mortality (from 24.4%
to 14.4%; P = .017). Shorter duration for use of
cephalosporin and quinolones.

65% adherence

Lim10 Implementation of electronic
clinical practice guidelines for FN

Intervention v control;
201 unique cases of FN

Time from triage to first antibiotic was 1 hour less in the
intervention group (3.9 hours) than in the three
control hospitals (4.9 hours; P = .022)

Rosa11 Implementation of ASP for FN Prospective; 307
FN episodes

Adherence rate to ASP, 53%

ASP adherence was independently associated with lower
mortality (hazard ratio, 0.36; 95% CI, 0.14 to 0.92)

Madran12 Implementation of ASP for FN Before and after;
152 FN episodes

Case fatality rate, 30% before ASP; 11% after ASP (P = .024).
Improvement in revising choice of antimicrobials
(P = .006) and improvement in determining duration of
antimicrobial use (P , .001).

Decreased use of vancomycin and fluoroquinolone

Vicente13 Implementation of a clinical pathway
on empirical vancomycin use for FN

Before (n = 206);
after (n = 131)

Decreased use of vancomycin (from 35.9% to 11.4%)

Abbreviations: ASP, antimicrobial stewardship; FN, febrile neutropenia; IDSA, Infectious Diseases Society of America.
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Divisions of Hospital Infectious Diseases, Hematology,
and Hospital Internal Medicine to make a poster and an
electronic PDF file reference. This was disseminated
through the Hospital Internal Medicine, Hematology, and
Oncology disease-oriented groups (DOGs). From the
multidisciplinary DOG members, we obtained endorse-
ment for these processes to establish management
support for the model as it stood. We sought monthly input
from the DOG members to ensure that the algorithm was
clear, addressed the situations being seen clinically, and
did not contain errors or cause adverse outcomes. We
then refined and updated the tool on the Hematology
Website every other month, with serial improvements on
the basis of the input we received.

Statistical Analysis

Trends toward improvement or worsening were measured
with the Cochrane-Armitage trend test. P values less than
.05 were considered statistically significant. All analyses
were performed with JMP 13 software (SAS Institute,
Cary, NC).

RESULTS

At baseline, we identified 28 potential patients with FN, of
whom 14 had true FN. Of 26 project-end patients, 11 had
true FN. Of 32 post-project patients, 15 had true FN.

Source Evaluation

Evaluation for a source of infection was critical for de-
termining the appropriate pathway. At baseline, 64.3% of
patients had documentation of confirmed or suspected
sources. For the project-end measurements, 100% of pa-
tients had documentation; for post-project measurements,
82.5% had documentation (Fig 2; P = .12).

Antimicrobial Use

Antimicrobial use consistent with the best-practice algo-
rithm was 42.9% at baseline, 72.7% at project end, and
66.6% at post project (Fig 2; P = .19). In every instance of
antimicrobial overuse, vancomycin was used in-
appropriately, either alone or in combination with other
antimicrobials. Other examples of overuse included in-
appropriate agent selection for double coverage for gram

Suspect neutropenic fever

Neutropenic fever: initial inpatient evaluation

These recommendations reflect Mayo Clinic consensus based on review of
existing evidence and guidelines. They do not replace clinical judgment.

Order laboratory tests

Has the patient been
receiving voriconazole or

posaconazole for
>7 days?

Perform history and
physical examination

Is the patient
septic?

NO

NO

Consider
rapid response

activation

Check voriconazole
or posaconazole

serum trough drug
concentrations to

access for adequacy
of therapy

YES

YES

Perform history and physical examination

Signs and symptoms which indicate potential sources of infection are listed
below. A patient may have more than one source which needs evaluation.

Timely antimicrobial administration is critical, and an empiric regimen should
be intitiated as soon as possible. A definitive diagnosis does not need to be
established before first doses of antimicrobials are administered.

PICC, tunneled or non-tunneled central venous catheter (CVC)
in place

Altered mental status, nuchal rigidity, severe headache

Abdominal pain, nausea, vomiting, diarrhea, perianal pain,
mucositis

Chronic indwelling urinary catheter, dysuria, discharge,
costovertebral angle (CVA) tenderness

Cough, infiltrate on imaging, respiratory distress, abnormal
lung exam

Facial, retroorbital, or dental pain

Rash, skin lesion, or joint pain

Prior listed sources are not suspected after thorough clinical
evaluation

Intravascular catheter-
related

Central nervous system

Gastrointestinal

Genitourinary

Respiratory

Sinusitis/mastoiditis

Skin/soft tissue

Indeterminate source
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FIG 1. Screenshot of the AskMayoExpert interface for the febrile neutropenia algorithm. PICC, peripherally inserted central catheter. (Used with permission of
Mayo Foundation for Medical Education and Research.)
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negatives, use of anaerobic coverage when not necessary,
or use of carbapenems when not b-lactam or cephalo-
sporin coverage would have been adequate.

Radiology and Laboratory Studies

Radiologic studies such as computed tomography, radi-
ography, and magnetic resonance imaging were consistent
with the algorithm for 50% of patients at baseline and for
100% at project end and at post project (Fig 2; P , .01).
Laboratory studies were matched with the algorithm 21.4%
of the time at baseline, 54.6% at project end, and 86.7% at
post project (Fig 2; P , .01).

Critical Deviation

Our combined critical deviation end point, for patients who
received nonstandard antimicrobials or underwent in-
appropriate use of major diagnostic studies, showed sig-
nificant improvement (P = .04). The proportion of patients
having a critical deviation was 71% at baseline, 27.3% at
project end, and 33.3% at post project. Thus, we met our
target of a 50% reduction in critical deviations (Fig 2).

Continued Use

Use of the CPM continued through 2017, with a monthly
mean of 40 (standard deviation, 11) from April through
December 2017. This use was fairly consistent with our use
during the project, indicating ongoing adoption into the
practice.

DISCUSSION

Our project successfully implemented a complex algorithm
for standardizing and optimizing care for patients with FN.
Since its implementation, the CPM has been continually
used within Mayo Clinic.

We identified vancomycin overuse as the main agent in
antimicrobial nonadherence, which was our most persis-
tent issue and a good marker of overall algorithm non-
adherence. The antimicrobial stewardship group monitors
adherence to this algorithm and vancomycin use on he-
matology services as part of its ongoing stewardship efforts
and the control phase of our intervention. Since quarter 4 of
2017, use of vancomycin on the day of admission for
patients on hematology services has remained relatively
flat, between 2.08% and 4.64%. Although this reflects all
patients and does not take into account other contributing
factors, such as reasons for admission changing and
competing stewardship initiatives, this would support that
there has not been a drift toward increasing use of van-
comycin and deviation from the protocol.

AME has previously been shown to be an effective tool for
rapid, point-of-care access to accurate clinical data.18 Our
study, to our knowledge, is the first to show a clinical
outcome related to this tool; deviations from the protocol
for antimicrobials and diagnostic tests were decreased
and a CPM was implemented. Our project showed the
utility of AME as a quality-improvement tool in clinical
practice.

We found high rates of nonadherence to the best-practice
algorithms at baseline, which, despite improvements,
persisted into the post-project period. Part of this persis-
tence was likely the result of the highly variable and
complex nature of patients with FN, and part was likely the
result of our use of clinical decision support rather than to
a more direct effect on ordering. Follow-up work will be
performed to investigate the utility and advisability of order
sets for patients with FN with this algorithm and the
comparative effectiveness of this clinical decision support
approach.
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FIG 2. Adherence to best practice over
time. Adherence is summarized for pa-
tients with febrile neutropenia at the
baseline, project-end, and post-project
periods. The bars summarize results for
the following: documentation of the source
of infection (P = .12), appropriate use of
antibiotics (P = .19), appropriate use of
radiologic studies (P , .01), appropriate
use of laboratory studies (P , .01), and
critical deviation from the algorithm
(P = .04). Courtesy of the Mayo Clinic.
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Overall, through our project, we successfully developed
a consensus best-practice standard for evaluating and
treating patients with FN. We showed that AME can be used
to modify clinician practices to better align with best
practices. Finally, we identified key metrics, such as

vancomycin overuse, which can be used for ongoing
monitoring of adherence to best practices. These tools and
template algorithm can be used to inform similar efforts at
other institutions for developing syndromic-based, locally
acceptable guidelines for treatment of FN.
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