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Background: Febrile neutropenia (FN) is a medical emergency that requires prompt 
empirical antibiotic treatment. Logistical factors can hamper the timely delivery of antibio-
tics for patients with suspected FN.
Aim: To determine our institution’s adherence to timeliness of antibiotic administration after 
the implementation of strategies following a previous audit.
Methods: Two retrospective audits were performed. Patients were identified through hospi-
tal coding and data were extracted from medical records. Interventions following the first 
audit included targeted staff education; development of a “Febrile Neutropenia Box” and the 
establishment of an acute medical unit (AMU). Adherence to guidelines and the effect of 
interventions were compared.
Results: Audit one: 72 admissions (January 2017–December 2017); audit two: 55 admis-
sions (October 2018–October 2019). Median time to antibiotics and adherence to 60-minute 
administration target: audit one: 135 minutes (range 15–5160; 11% adherence); audit two: 80 
minutes (range 0–2130; 45% adherence, P=<0.001). In audit two, the admission ward was 
the major factor that reduced time to treatment – AMU: 43 minutes (range 0–440; 70% 
adherence); oncology ward: 98 minutes (range 0–2130; 40% adherence); other wards: 190 
minutes (range 0–750; 27% adherence) (p=0.028 for adherence).
Conclusion: A gap in our routine care of FN was identified. We assessed the effects of 
several interventions. The most important intervention was the introduction of the AMU 
which allowed sufficient resources to address time critical tasks. Health institutions without 
an emergency department should consider similar pathways to ensure timely care for patients 
with FN. Auditing current practice and evaluating interventions are important.
Keywords: febrile neutropenia, quality improvement, complications of cancer, clinical 
practice guidelines, FN

Introduction
Febrile neutropenia (FN) is a known cytotoxic chemotherapy-related complication 
occurring in 10–50% of patients with solid organ malignancies.1,2 FN results in 
unplanned hospital admissions and deviations from cancer treatment protocols, 
which may have effects on the efficacy of therapy, particularly in the curative 
treatment setting. Further, FN is associated with significant morbidity and in- 
hospital mortality rate of 9.5%.3,4 Thus, early clinical recognition is crucial to 
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ensure implementation of immediate management. As per 
guidelines, all patients with fever following chemotherapy 
should be managed as a FN patient and receive empirical 
antibiotics in a timely manner (within 60 minutes of initial 
presentation or 30 minutes in the setting of haemodynamic 
instability) without awaiting laboratory confirmation of the 
neutrophil count.5,6

However, the timeliness in delivering treatment for 
suspected FN patients remains a major issue in many 
institutions that care for patients with malignancy. 
Previous studies, including our own, showed a range 
from 9–26% of patients receiving empiric antibiotics 
within 60 minutes of initial presentation.7–9 Our initial 
clinical audit of 72 admissions showed a prolonged med-
ian time to antibiotics administration to febrile neutropenic 
patients at 135 minutes, which is beyond the recom-
mended time. We identified potential barriers to timely 
treatment which included: delayed assessment by nursing 
and junior medical staff, lack of awareness about the 
importance of FN and failure to have appropriate antibiotic 
therapy readily available in a timely manner.7,8 At the time 
of our first study, our hospital did not include a dedicated 
Acute Medical Unit (AMU) nor an emergency department. 
Patients were admitted directly to an inpatient ward after 
liaison with their treating oncologist. Following the initial 
audit, specific strategies have been implemented which 
included: establishment of an AMU to streamline FN 
admissions, a FN pathway, a “febrile neutropenia box” 
containing a flow chart of immediate patient management 
and a stock of appropriate antibiotics available on AMU 
and the oncology ward, simplification of FN alert card and 
redesign of patient education.

The aim of this study was to determine our institution’s 
adherence to timeliness of antibiotic administration after 
the implementation of these strategies by comparing 
results from the previous audit to results of this current 
audit.

Methods
This study was approved by the St John of God Human 
Research Ethics committee; approval number #1570. 
Privacy and data protection guidelines were adhered to. 
The initial retrospective clinical audit (pre-intervention 
audit) consisted of patients admitted between January 2017 
and December 2017. Eligible patients were identified by 
searching the hospitals coding systems for the International 
Classification of Disease–Clinical Modification (ICD-CM) 
code D70.1 (Agranulocytosis secondary to cancer 

chemotherapy) and screened for eligibility. Inclusion criteria 
were: patients with a diagnosis of solid organ malignancy 
treated by chemotherapy that was causative of or contributed 
to neutropenia (granulocyte count <0.5×10^9 cells/L or is 
expected to decrease to <0.5×10^9 cells/L over the next 48 
hours), temperature greater than 38C (documented by the 
patient or medical/nursing staff), and age greater than or 
equal to 18 years.8 Cases were excluded if admission was 
primarily related to reasons other than neutropenic fever or if 
patient management during admission may have been 
impacted by an alternative diagnosis. Data were extracted 
from the hospital medical records and included; patient 
demographics (Table 1), time to antibiotic, name of antibiotic 
used, duration of antibiotics, clinical parameters and in- 
hospital mortality. Time to antibiotic was calculated from 
documented time of nursing admission of patient. 
Quantitative data such as positive culture results were also 
collected.

Following the pre-intervention audit, potential reasons 
for a prolonged time-to-antibiotic administration were 
identified with implementation of the following strategies:

1. Establishment of an AMU to streamline the FN 
pathway,

2. Placement of a “Febrile neutropenia box” contain-
ing a FN protocol, and a stock of appropriate anti-
biotics in the AMU and oncology ward,

3. Simplification of FN alert card and redesign of 
patient education.

Another retrospective clinical audit was conducted 
between October 2018 and October 2019 after the afore-
mentioned strategies had been implemented. To allow 
comparisons between both clinical audits, the post- 
intervention clinical audit was conducted with identical 
inclusion and exclusion criteria to the pre-intervention 
clinical audit. All patients who were admitted directly to 
the study hospital for FN during the post-intervention audit 
period were included (Figure 1).

Descriptive statistics were used for both pre- and post- 
intervention clinical audit to analyse the data using 
Microsoft Excel 2016 and data analysis software “R” (R 
Core Team, 2014). Mean, median and ranges were calcu-
lated, and results for both clinical audit periods were 
compared. Results are reported with standard deviation 
or range as outlined in the relevant table. Independent 
t-tests were used to compare statistical significance 
between groups or Χ2 tests where there were three groups 
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analysed. Minutes to antibiotics and length of stay have 
been analysed using a linear regression models. 
Antibiotics delivered within 1 hour has been analysed 
using a logistic regression model.

Results
Sixty-seven patients with 72 admissions were included 
in the pre-intervention cohort. The median age of 
patients in the pre-intervention audit was 66 years (32– 
83 years) and 69% of the majority of patients were 
female. Breast and colorectal cancers were the most 

cancer diagnosis of admitted patients. This current post- 
intervention audit consisted of patients admitted 
between October 2018 and October 2019. 221 admis-
sions were identified through the hospital coding system 
coded as “Agranulocytosis”, 166 were excluded and 55 
admissions were eligible as per the inclusion and exclu-
sion criteria (Figure 1). Fifty-one patients were admitted 
during the study period across 55 admissions. Seventy- 
five per cent of patients had metastatic disease. 
Pancreatic (27%) and Gynaecological (27%) cancer 
were the most common cancer type (Table 1).

Table 1 Pre- and Post-Intervention Patient Characteristics and Admission Data

Pre-Intervention Post-Intervention P value

N=67* (72 Admissions) N= 51* (55 Admissions)

Age (Years), Median (Range) 66 (32–83) 65 (34–83) P=0.230

Female (n) 46 (69%) 31 (57%) P=0.007

Male (n) 21 (31%) 24 (43%)

Type of cancer (n, (%))

Gynaecological 11 (16%) 15 (27%)

Pancreatic 11 (16%) 15 (27%)

Colorectal/Gastric 14 (21%) 9 (18%)

Breast 15 (22%) 7(12%)

Other 12 (18%) 6 (12%)

Lung 4 (6%) 3 (4%)

Metastatic (n,%)

Yes 42 (63%) 44 (75%) P=0.130

No 25 (37%) 11 (25%)

Peak Vital signs - first 24hrs (mean±SD)

Body temperature (°C) 38.1 ± 1.3 38.3 ± 0.8 P=0.007

Pulse rate (per minute) 94 ± 14.8 95 ± 18 P=0.193

Days since Chemotherapy 7.2 ± 4.2 8.2 ± 3.6 P=0.029

Laboratory values, Reference Ranges, Median, Range

Neutrophils Nadir ×109/L 0.4 (<0.1–0.8) 0.4 (0–0.9) P=0.074

C-reactive protein mg/L (<3.0) 87.3 (10.3–487) 58.5 (2.5–595.2) P=0.2981

Septic Screen

Septic Screen (n) 48 (67%) 40 (73%)

Positive Cultures identified (n) 12 (17%) 8 (15%)

Note: *Some patients had multiple admissions during the study period.
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In the post-intervention audit, the median body tem-
perature of patients at admission was 38.3°C. Patients had 
received chemotherapy at a median of 8 days prior to their 
admission. During admission, the median nadir neutrophil 
count was 0.4×10^9 /L (<0.1–0.8×10^9 /L). Forty-nine 

per cent received rescue Granulocyte-Colony Stimulating 
Factor (G-CSF). A septic screen including blood cultures 
and urine samples were completed on 73% of admissions. 
Positive cultures were identified in 15% of patients 
(Table 1). Table 2 shows the antibiotic administration 
times for both audits. In the post-intervention audit, the 
median time to administration of parenteral antibiotics was 
80 minutes (range 0 to 2130 minutes), compared to pre- 
intervention audit which was 135 minutes (range 15 to 
5160 minutes). Forty-five per cent of patients received 
their antibiotics within 1 hour of admission in post- 
intervention compared to pre-intervention which was 
11% (Table 2). In post-intervention audit, empirical anti-
biotic therapy was administered in 97% of patients and 
continued for an average of five days (Table 2). The 
median length of stay was 5 days (2–50 days). Patients 
who received their antibiotics within 60 mins were dis-
charged at a significantly earlier time at an average of 4 
days (2–16 days) compared to patients who received their 
antibiotics greater than 60 minutes post admission at 5.5 
days (1–50 days; p=0.028).

The timeliness of antibiotic therapy in this cohort had 
improved compared to the first study prior period, but still 
fell well short of an acceptable level. We noted an apparent 
difference between the location of admission and the time-
liness of antibiotic therapy and hypothesised that this 
difference may be significant (Table 3). As such a post- 
hoc analysis was performed on this basis. Patients 
admitted via the AMU received antibiotics sooner (median 
43 minutes [0–440 mins]) compared to patients admitted 
to the specialist oncological ward (median 98 minutes [0– 
2130 mins]) and patients admitted to any other ward 
(median 190 minutes [0–750 mins]) (Table 3). All patients 
admitted via AMU received piperacillin/tazobactam or 
cefepime as per guidelines. On the other wards, one patient 
received cefazolin and two patients received metronida-
zole (one was due to a sulphur allergy). Median length of 
stay for patients in AMU was 4 days (2–38 days) com-
pared to the oncological ward which was 6.5 days (2–50 
days) and other wards, where length of stay was 5 days (2– 
34 days) (Table 2).

Five patients died during their admission for FN (in 
hospital mortality 9.1%). The cause of death for these 
patients were disease progression: recurrent bowel 
obstruction and AKI (2 patients), multi-organ failure (2 
patients) and neutropenic sepsis (1 patient).

Figure 1 Sample selection.
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Discussion
FN is a life-threatening complication of cancer treatment. 
Its management requires early recognition of the potential 

for this diagnosis, urgent patient assessment and treatment 
including administration of antibiotics within thirty min-
utes of presentation for unstable patients and one hour of 

Table 3 Comparison of Clinical Data by Admission Ward (N=Admission)

AMU (n=20) Oncology Ward (n=20) Other (n=15)

Median Time to Antibiotics (Mins) 43 (0–440) 98 (0–2130) 190 (0–750)

Administered antibiotics within 60 mins (n,(%)) 14 (70%) 8 (40%) 4 (27%) Χ2=7.12, p=0.028

Antibiotics administered:

Piperacillin/tazobactam (n,(%)) 9 (45%) 10 (50%) 8 (53%)

Cefepime (n,(%)) 11(55%) 7 (35%) 4 (27%)

Piperacillin/tazobactam or Cefepime plus other (n,(%)) 0 3 (15%) 0

Other (n,(%)) 0 0 3 (21%)

Septic Screen (n,(%)) 16 (80%) 13 (65%) 11 (73%) Χ2=1.14, p=0.566

Peak temp (Median)(°C) 38.3 38.3 38.1

Nadir Neutrophils (Median) ×109/L 0.4 0.8 0.3

Length of stay (Median, days) 4 (2–38) 6.5 (1–50) 5 (3–12)

Deceased during admission (n,(%))

Yes 1 (5%) 2 (10%) 2 (13%) Χ2=0.75, p=0.687

Table 2 Pre and Post Intervention Treatment and Outcomes

Pre-Intervention Post-Intervention P values

N=67* (72 Admissions) N=51* (55 Admissions)

Granulocyte-Colony Stimulating Factor (G-CSF)

Rescue G-CSF (n,(%)) 40 (56%) 27 (49%) -

Prophylactic G-CSF (n,(%)) 3 (4%) 2 (4%) -

Both Prophylactic and Rescue (n,(%)) 4 (6%) 3 (4%) -

Antibiotic treatment

Median time to administration (range, minutes) 135 (15–5160) 80 (0–2130) P=0.544

Antibiotic treatment duration (Mean, days) 5 5 -

Antibiotics administered within 1hr of admission (n) 8 (11%) 25 (45%) P=<0.001

Patients receiving no antibiotics (n,(%)) 2 (2%) 0 -

Piperacillin/Tazobactam (Tazocin) 4.5g (n,(%)) 33 (46%) 27 (49%) -

Cefepime, 2g (n,(%)) 30 (42%) 22 (40%) -

Other (n,(%)) 7 (9%) 6 (12%) -

Mortality 5 (7.5%) 5 (9%) -

Note: *Some patients had multiple admissions during the study period.
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presentation for all others.10 Although simple in principle, 
achieving high levels of compliance with early antibiotic 
administration can be challenging. In a prior audit at our 
centre, we identified poor adherence to time-to-treatment 
targets as described in FN guidelines.8

We have reaudited outcomes following several inter-
ventions where we found an improvement in timeliness of 
antibiotic delivery. Nonetheless, the rate of patients receiv-
ing antibiotics within 60 minutes was still low at 45%. 
Sub-analysis of post-intervention individual admission 
wards showed that 70% of patients admitted to the AMU 
received antibiotics within 60 minutes of presentation, 
with median time of 43 minutes. For patients admitted 
directly to the Oncology Ward the rate was 40% and 
with direct admission to any other ward this rate fell to 
7%. It is possible that these improved rates seen on AMU 
and the oncological ward are due to the availability of the 
“febrile neutropenia box.” The box contains; two vials of 
Piperacillin 4g/Tazobactam 500mg, two vials of Cefepime 
2g, Pathology Request Form bloods: FBP, UEC, LFT, 
CRP, Blood Cultures (centrally and peripherally), 
Pathology Request Form: Urine- Mc & S, copies of the 
“Nursing Policy - Management of Known or Suspected 
Neutropenic Fever or Sepsis” and “Pharmacy guideline- 
Neutropenic Fever and Sepsis Empiric Antibiotic Therapy 
Guideline” and a Febrile Neutropenia Admission Pathway. 
This was placed in AMU and the Oncology Ward follow-
ing the first audit.

A further potential reason for improved timeliness to 
antibiotics in AMU is the availability of dedicated nur-
sing staff and increased resources for the management of 
FN. Our results mirror those seen in a study of patients 
presenting to an emergency department where 
a dedicated management pathway significantly improved 
time to antibiotic therapy.11 Having a streamlined FN 
management and protocol helped to mitigate historical 
factors contributing to delay in antibiotics. This study 
also found that patients who bypassed Emergency 
Department (directly admitted patients) had a significant 
delay to antibiotic therapy, possibly due to multiple con-
comitant admissions with overall low nurse to patient 
ratio in wards as well as the non-availability of resources 
required for urgent management.11 In another study the 
use of an acute oncology service with well-trained staff 
and lower workload to staff ratios compared to 
Emergency Department this resulted in timelier manage-
ment of FN patients.12

The rate of in-hospital mortality was 7.5% for the pre- 
intervention cohort and 9% for the post-intervention 
cohort respectively. These rates were consistent with 
other studies.3,13 Kuderer et al published results from 
a longitudinal database study of more than 40,000 adult 
cancer patients who were hospitalised in the United States 
with neutropenic fever identifying an in-hospital mortality 
of 9.5%.3 In 2008, an epidemiological study by 
Lingaratnam et al identified a mortality of 7.6% in 
Australian patients with solid organ malignancy with 
FN.13 Our study population was small and thus lacked 
the available sample size to demonstrate an impact on 
mortality outcomes. The importance of timely antibiotic 
administration on survival outcomes has been demon-
strated in a larger study performed by Rosa et al, where 
patients with time-to-antibiotics of ≤ 30 minutes had lower 
mortality rates than patients with a time-to-antibiotics of 
between 31–60 minutes (6.4% vs. 27.2%; log-rank P= 
0.020).4

We noted that patient length of stay in the post- 
intervention group was significantly decreased for patients 
who received antibiotics within 60 minutes. In particular, 
patients admitted to AMU had lower length of stay com-
pared to other wards which we believe may have been 
positively impacted by the higher rate of time-to- 
antibiotics adherence. Similar correlations between length 
of stay and time-to-antibiotics have been shown by by 
Keng et al. They observed reduced length of stay (3.3 vs. 
5.6 days, p ≤ 0.001) in a cohort of patients who were 
admitted through an Emergency Department with median 
time to antibiotics of 82 minutes (32% adherence to 60 
minutes), compared to the direct admission patient cohort 
with median time to antibiotics of 169 minutes (13% 
adherence to 60 minutes).11 This paper and ours suggest 
that timeliness to antibiotics may have important implica-
tions with respect to healthcare resource utilisation.

The use of rescue G-CSF has been shown to reduce the 
time of neutrophil recovery and shorten the duration of 
hospitalisation but it does not improve mortality 
outcomes.14 The rates of both rescue and prophylactic 
G-CSF administration in managing and preventing neutro-
penia has not statistically changed in both pre- and post- 
intervention cohorts. The use of rescue G-CSF was at the 
discretion of clinicians.

Our retrospective study has several limitations. Firstly, 
the study was reliant on clinical annotation of admission 
times and antibiotic administration as per the medical 
records, rather than prospective collection. Secondly, to 
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capture a representative group we have audited patients 
with subsequently confirmed FN. The total patient group 
presenting with febrile illnesses is larger and will include 
patients who required initial management on suspicion of 
FN given that this diagnosis is only confirmed after initial 
management is complete.

Despite these limitations, we believe that there are 
three key messages from this study. The first is the impor-
tance of having a dedicated area and adequate resources 
such as staffing levels and readily available antibiotics for 
completion of time critical tasks. In the case of our institu-
tion, the opening of an AMU allowed for improved man-
agement of FN. The second is the importance of auditing 
routine clinical care as a means of quality assurance and 
identifying areas of care that require improvement. Finally, 
it is important to re-audit implemented changes in clinical 
practice to ensure that significant improvements in pre- 
determined outcome measures have occurred as a result of 
the changes.

Conclusion
After identifying a gap in our routine care, we were able to 
improve timeliness of antibiotics given to patients presenting 
with FN through re-auditing after the initial audit. The intro-
duction of an AMU was the most important intervention at 
our centre. The AMU allowed sufficient resources to address 
time critical tasks. Health institutions, particularly those with-
out an emergency department, should consider similar path-
ways to ensure timely care for patients with FN. This study 
also reiterated the importance of auditing routine clinical care 
and implementing changes to improve practice. Finally, this 
study demonstrated the importance of re auditing to evaluate 
the effectiveness of interventions implemented to determine 
if improvements have occurred as a result of the changes.
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