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Abstract

Purpose Febrile neutropenia (FN) remains a common and
dangerous complication of cancer treatment. Guidelines from
the Infectious Disease Society of America urge initiating
antibiotics within 2 h of presentation. We reviewed our insti-
tution’s performance to identify areas of needed improvement
and to design performance improvement steps.

Methods FN management was deconstructed into discrete
tasks. Experienced practitioners estimated appropriate time
allowance for each task. Cycle time analysis data on a baseline
cohort (baseline group) identified causes and loci of delay.
Based on these data, new processes to bypass roadblocks for
timely therapy were introduced. Performance monitoring con-
tinued as these changes were implemented (the transitional
group) and for 20 months thereafter (the post-intervention
group).

Results Sixty-nine episodes of FN were identified. Ten dis-
tinct improvement steps were implemented. Median time to
antibiotics was reduced from 252 min, to 188 min and
118 min for the baseline, transitional, and post-intervention
groups, respectively (p=0.0002 for the baseline vs. the post-
intervention group comparison). Variability was reduced with
the inter-quartile range falling from 174 min (baseline) to
65 min (post-intervention). Despite improvement, there were
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persisting episodes of delays, due to competing priorities from
other patients or decisions to postpone infusion of antibiotics
until patients had been admitted. Standardized order sets
eliminated improper antibiotic choices as a source of error.
Conclusions Improvements in the management of FN can be
accomplished and sustained by the focused study of perfor-
mance of individual tasks, the design of streamlined processes
by practitioners, and the ongoing review of performance with
feedback to clinical departments.

Keywords Febrile neutropenia - Performance improvement

Introduction

Febrile neutropenia (FN) remains a common and serious
complication of many cancer chemotherapies. Data from the
1999 Surveillance and Epidemiology End Result (SEER)
program and National Cancer Data Base showed an annual
incidence of more than 60,000 cases in the USA with a
mortality rate of 6.8 % [1]. A review of more than 41,000
admissions for FN treated between 1995 and 2000 identified a
mortality rate ranging from 2.6 % (with no co-morbidities) to
50.6 % (with five co-morbidities) [2]. The same study found
mean hospital charges per episode of $19,110 [2]. Outcomes
of FN are influenced by individual patient characteristics such
as age, co-morbidities, depth and duration of neutropenia, and
the presence or absence of positive blood cultures or docu-
mented infection [3]. Although guidelines promulgated by the
Infectious Disease Society of America (IDSA) recommend
initiation of antibiotics within 2 h of patient presentation [4],
there is limited published data on the clinical importance of
this recommendation. One retrospective study among patients
with clinically defined septic shock demonstrated that survival
declines with delays of antibiotics. Each hour of hypotension
without effective antibiotics was associated with an average

@ Springer



372

Support Care Cancer (2015) 23:371-375

decrease in survival of 7.6 % [5]. Even though only 6.8 % of
the patients in that study had neutropenia, the 2-h standard has
been set empirically as a goal in recognition that rapid deteri-
oration is possible. Organizing hospital services to meet this 2-
h standard is a challenge especially where FN is seen infre-
quently, creating few opportunities to develop and implement
best practice paradigms.

‘We conducted a review of our hospital’s performance in the
treatment of FN after anecdotal evidence indicated that our
services were failing the IDSA standard with regard to time-
liness of antibiotics and choice of appropriate antibiotics. We
used cycle time analysis data and interviews with practitioners
in the relevant clinical areas most involved to design new
processes to bypass impediments to timely therapy. This re-
port describes the frequency and causes of failure in the
original and subsequent cohorts, the measures taken to im-
prove outcomes, and the results of those actions over time.

Patients and methods

This project was part of a performance improvement project.
The project was approved by the Institutional Review Board.
Anne Arundel Medical Center is a 385-bed acute care facility
with over 1,900 new cancer patients seen yearly.
Approximately, ten full-time equivalent hematologists-
oncologists practice on or near the hospital campus seeing
approximately 120 patients a day. A campus-based outpatient
infusion center treats over 70 cancer patients a day and a
nearby private practice treats up to 8 patients daily. The 30-
bed inpatient oncology unit has an average census of 18
oncology patients. The emergency department (ED) is staffed
by a private practice medical group comprising 18 physicians
and a combined total of 7 nurse practitioners and physician
assistants. The emergency department sees nearly 100,000
patient visits annually. No students or residents participated
in the care of the patients described in this report.

We performed a mixed methodology analysis of the man-
agement of FN at our institution. We convened a FN task force
composed of representatives from the inpatient oncology unit,
ED, outpatient infusion center, oncology practices, hospital
laboratory, hospital epidemiology, and pharmacy to analyze
results of a retrospective cycle time review of the management
of FN over an 18-month period in 2010-2011 (designated the
baseline group). As part of this review, the task force charac-
terized the specific processes in which errors or delays oc-
curred. We included in the analysis patients who were admit-
ted either directly from one of the oncology clinics, from the
ED, or patients who became febrile once already admitted.
Because the IDSA guideline is specific for patients with both
fever (defined as temperature >38.3 °C or >38.0 °C sustained
over 1 h) and neutropenia (defined as <500 neutrophils/mm?®
or counts expected to decrease to that level over the ensuing
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48 h) [4], we did not include patient records where only one of
these parameters was present upon presentation. We analyzed
how often the care met the IDSA standards for timeliness and
appropriateness of antibiotics. We used the time mark detail
present in the electronic medical record (EPIC, version 2010,
Madison, WI, USA) to determine the actual process steps in
which delays occurred, assigning them to one or more cate-
gories. To accomplish this, we arbitrarily assigned an accept-
able process time of 30 min for the following tasks each of
which is composed of several component steps: from presen-
tation in the ED to delivery of the blood specimen to the lab,
from receipt in the lab to release of results to the electronic
medical record, from release of blood count results to com-
pletion of the antibiotic orders, and, finally, from completion
of'the antibiotic orders to administration of the antibiotics. The
neutropenic task force assessed the modes of failure and
determined best practices in the context of a busy ED or clinic
in order to design education, interventions, and new processes
to address each of the deficiencies. We continued to monitor
performance on all similar patients while we instituted chang-
es over a 9-month timeframe in 2011 (the transitional group)
and then for 20 months in 20122013 after the interventions
(post-intervention period). The standard process for febrile
neutropenia at this hospital involves initial admission of all
documented cases of febrile neutropenia even those at low
risk.

Statistical methods

Descriptive statistics were computed for the three time inter-
vals (groups) including means and quartiles. The medians for
the three groups were compared pair-wise using the Wilcoxon
method. The statistical package used was JMP 9.0.2, SAS
Institute Inc., Cary, NC, USA.

Results

Ninety-five patients who developed fever with some degree of
neutropenia were identified from admission rosters but only
69 of these had simultaneous fever (temperature >38.3 °C or
>38.0 °C sustained over 1 h) and deep neutropenia (absolute
neutrophil count <500/mm?®) present at the time of presenta-
tion and were included in the analysis. Table 1 shows the
characteristics of the 69 patients from each of the three co-
horts: baseline, transitional, and post-intervention. The vast
majority of patients were first evaluated in the ED setting and
had clinical characteristics consistent with a low risk
Multinational Association of Supportive Care in Cancer
(MASCC) score [6]. Only two patients had been on antibiotics
either as empiric therapy or as prophylaxis when they became
febrile. Three patients in the baseline group had non-
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Table 1 Characteristics of patients with febrile neutropenia

Table 3 Performance improvement steps

Baseline Transitional Post-
N=23 N=13 intervention
N=33
Median age (range) 62 (18-83) 63 (31-81) 64 (19-81)
Male:female 52:48 44:56 45:55
Heme malignancy (%) 38 33 41
Site of presentation (%)
ED 91 91 94
Inpatient unit 4 8
Outpatient clinic 4 -
MASCC score
High risk <21 (%) 22 15 18
Low risk >21 (%) 78 85 72
Current antimicrobial 4 None 3
treatment (%)

ED emergency department, MASCC Multinational Association of Sup-
portive Care in Cancer

recommended, non-standard antibiotic regimens prescribed
by three distinct ED providers: two receiving intravenous
azithromycin and one patient receiving cefuroxime.

Table 2 describes the specific process steps at which errors
or delays contributed to failure to meet the IDSA standards for
each of three groups. In many cases, more than one step was
delayed. Table 3 lists the specific improvements introduced
during the 9-month transitional period based upon review of
the causes of failure in the baseline group and a map of best
practices. Figure 1 shows the results of the time to antibiotics
analyses for each of the three groups demonstrating a reduc-
tion in the median time to antibiotics from time of patient
arrival from 252 min in the baseline group, 188 min in the
transitional group to 117 min in the post-intervention group.
The difference between the baseline group and the post-
intervention group was statistically significant (p=0.0002) as
was the difference between the medians of the transitional
group and the post-intervention group (p=0.04). The

Table 2 Types of error and location of delay

Improve patient and caregiver education during the pre-chemotherapy
teaching regarding appropriate response to fevers

Issue chemotherapy patients a wallet-sized instruction card to display to
triage personnel in ED in case of fever indicating the possibility of FN

Create a pathway for first antibiotic doses to be given in the outpatient
infusion area (for patients presenting with FN to the clinics) while
awaiting an open inpatient bed

Educate ED providers and staff about the need for urgency

Educate ED providers about appropriate choice of antibiotics using 2011
IDSA guidelines

Institute new laboratory practice for rapid release of partial blood count
results without waiting for manual review by medical technologist

Updated standardized febrile neutropenia electronic order sets which
contain comprehensive orders concerning stat blood counts, blood
cultures (including central line), and IDSA recommended antibiotic
regimens: cefepime 2 g intravenously, Zosyn 3.375 g intravenously,
and, where indicated, vancomycin 1 g intravenously

Place IDSA pre-filled doses of antibiotics into the ED medication-
dispensing machines

Institute ongoing monthly review with ED of results of time to antibiotics
analyses

Perform follow-up with staff of any cases not meeting standard

ED emergency department, FN febrile neutropenia, /DSA Infectious
Disease Society of America

difference between the medians of the baseline and transition-
al groups was not statistically significant (p=0.12). In addition
to improvements in the median time of antibiotics, there was
also a large reduction in the variability of performance as
evidenced by a reduction in the inter-quartile range from
174 min in the baseline group to 65 min in the post-
intervention group. The longest delays were due to a decision
to hold the administration of antibiotics until the patient had
been transferred to an inpatient unit. Of the patients whose
time to antibiotics was greater than 5 h, the holding of antibi-
otics until transfer was the main cause of delay in 6/7 in the
baseline group, 2/2 in the transitional group, and in the single
patient beyond 5 h in the post-intervention group.

Baseline Transitional Post-intervention
N=23 N=13 N=33
Wrong antibiotic 3 (14 %) 1 (7.6 %) None
Blood cultures not obtained prior to antibiotics 2 (8.6 %) None None
Delays in essential processes
Presentation in ED to receipt of blood in lab 11 (48 %) 4 (31 %) 8 (24 %)
Receipt in lab to release of results 522 %)* None None
Release of blood counts to orders for antibiotics 6 (26 % 2 (15 %) 309 %)
Order for antibiotics to the start of antibiotic infusion 10 (43 %) 4 (31 %) 519 %)

All five cases were due to delays in releasing blood count results while awaiting manual review

ED emergency department
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Fig. 1 a Box and whisker plot of time to antibiotics measured from time
of patient presentation. Box limits show the first and third quartiles.
Whiskers include all points that are within 1.5 times the inter-quartile
range. b Median time (in minutes) to antibiotics and inter-quartile range

Discussion

The optimum management of FN begins with educating pa-
tients and caregivers on the importance of self-monitoring of
temperatures and immediate reporting of temperature or relat-
ed symptoms such as chills or rigors. Once a patient presents,
it is imperative that the health care team recognize patients at
risk, perform prompt clinical and laboratory assessment, and
ensure rapid delivery of broad-spectrum antibiotics informed
by local sensitivity patterns. Such coordinated action requires
a sense of urgency from a diverse medical team: nurses,
physicians, medical assistants, laboratory technicians, and
pharmacists. Breakdown in any of the steps can results in
delays and inferior outcomes. With the exception of the few
patients who present to ambulatory clinics or who develop FN
while already hospitalized, most of these action steps take
place in the emergency department, an environment not under
the direct supervision of hematologists-oncologists.

Our data shows that baseline performance at our institution
was poor with regard to timeliness, variability in response, and
included three patients who received antibiotic combinations
more suitable for non-neutropenic infections. These data are
similar to baseline performance reported from around the
world. A study of multiple UK hospitals found median “door
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to needle” time that ranged from 0.5 to 4 h and “long delays
over 5 hours were not uncommon.” [7]. Other studies have
showed median time to antibiotics of 3 h and 36 min [8], 5 h
[9],and 3.5 h [10] of which 1.25 h was taken up by waiting for
a medical assessment.

Table 2’s catalog of process steps in which errors occurred
was made possible by the time stamps available in the elec-
tronic medical record. We identified delays at almost every
step in the process. This finding is similar to those of Clarke
etal. [7], who used both treatment audits and staff feedback to
generate a list of problematic categories: lack of staff, lack of
understanding, practical problems, and communication issues.
We found some of the same errors, but our electronic medical
record time stamp methodology did not allow us to distinguish
between a delay due to relative staffing shortage or lack of
understanding of medical urgency. The longest delays that we
experienced were a consequence of the conscious or function-
al decision to pause the delivery of antibiotics while awaiting
transfer to an inpatient unit. These transfers can be delayed for
a variety of causes both at the receiving unit and in the ED and
can be lengthy, 5.5 h in one study [10]. This pattern of practice
is a result of lack of appreciation for the pathophysiology of
infection and potential sepsis. It should be a prime target of
training efforts for all staff involved in the care of FN patients.

Our improvement steps were informed both by analysis of
our own actual performance breakdowns and by mapping of
best practices by leaders of the clinical areas. We did not rely
upon education alone to improve outcomes, an unreliable
method for addressing root cause problems [11]. Rather, we
buttressed patient, caregiver, and staff education with new
tools. Among the most important of these steps was the
ordering of blood counts “stat” and allowing the lab to release
preliminary results of white blood cell counts to the treating
physicians without awaiting manual confirmation by a labo-
ratory technician. Our experience was that the manual review
always confirmed the automated blood count and therefore
added no new information to justify this delay. Standardized
electronic order sets for FN ensured universal ordering of
blood cultures prior to antibiotics and ensured that the antibi-
otic regimens were consistent with the 2011 IDSA guideline
[4] including an option for penicillin-allergic patients.
Locating appropriate antibiotic drugs in ready-to-administer
form available inside the ED in automated dispensers
bypassed the time needed for the antibiotic order to be recog-
nized, prepared in the pharmacy, and then transported from the
pharmacy.

Educational efforts did succeed in increasing the awareness
of FN as an urgent situation and, for the most part, reduced the
execution time of certain tasks such as completing the medical
assessment and the drawing of blood. However, such efforts
are subject to break down especially at times of heavy volume
in the ED. Our improved results were sustained after
18 months of follow-up indicating improved processes at
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work, though ongoing review of the data by all stakeholders
seems essential to maintain improvement.

Our study has limitations related to method and generaliz-
ability. We were able to measure each of the basic four
processes required for antibiotic administration (Table 2) be-
cause of the time stamps available in the electronic medical
record. But, in some cases, we could not tell which specific
steps in the process that had been delayed. In addition, we
were not able to capture data on duration of symptoms prior to
first contact with medical staff or from duration of symptoms
to presentation in ED. These are potentially as important as
any delay encountered once within the health care system.
Indeed, in one report of 23 episodes of FN, fevers were present
for a mean of 21 h (range 1-72 h) prior to the patient-seeking
medical attention [10]. In addition, we did not attempt to
analyze adherence to the entire care map or morbidity and
mortality results of patients with FN. Rather, we examined
only the initial phase of care. As a consequence, the results of
our study cannot be used to comment upon the appropriate-
ness of the IDSA guideline to start antibiotics within 2 h of
patient presentation [4]. Indeed, retrospective analysis in pur-
suit of this goal is hazardous because the patient with fewer
co-morbidities or less toxic appearance might have received
antibiotics in a less urgent fashion, and yet have still have
better outcomes. By contrast, Zuckermann et al. described a
sequential cohort study in which a critical care pathway re-
duced all-cause in-hospital mortality for pts with FN, despite
only modest adherence to the entire care map [12]. Finally, we
did not address differences between day shift and night shift or
day of the week. Such differences between clock time and
calendar days may just be a surrogate measure for staff: patient
ratios. We did learn by review of individual failures that high
emergency department volumes result in busy staff who exe-
cute the necessary steps less rapidly, regardless of time of day
or day of the week.

With regard to generalizability, it should be noted that not
all hospitals utilize a comprehensive electronic medical record
which affords standardization and reduces delays that can be
seen with paper orders. Hospitals without such electronic
order systems will need to find different methods of analysis
and solutions. Indeed, paper order sets have been found to be
effective in reducing treatment time [8, 13]. In addition, our
institution did not have physician trainees involved in the care
which alter the processes of patient care and can create (or
ameliorate) delays depending upon deployment.

FN is a consequence of oncologic treatment that is directed
by oncologists. But because most patients will either present
to the ED or be directed there, the initial care of FN is not
under the direct control of oncologists, the physicians with the
most experience in its management. Many of the problems we
describe appear to be widespread and the solutions we list are
adaptable. But other problems are local in nature, and so too
must be the solutions. It therefore behooves oncologists and

cancer centers to perform their own analyses of local ED
operations with regard to management of FN. Routine and
ongoing monitoring of performance is strongly recommended
to ensure that the ideal performance becomes the typical
performance.
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