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Abstract
Bacterial resistance is a worldwide phenomenon. Being partly man-made, it is probably the most dangerous pandemic affecting 

every country and all walks of life. The formulation of antibiotic policies has been one of many strategies tried, most of which have 
been unfortunately unsuccessful. To ensure control of this multifactorial problem, a number of steps need to be taken simultaneously. 
The concept of care bundle to tackle important healthcare problems have recently gained ground. It was originally developed by 
Institute of Healthcare Improvement, USA and Refined by Health Protection Agency, NHS, Scotland. As apparent by previous scientific 
evidence a bundle is a set of three to five practices which need to be carried out collectively, reliably, and continuously resulting in 
improved patient outcomes. The implementation of care bundle is monitored on all or none basis and regular feedback is provided 
to the team to help in continuous improvement in level of healthcare delivery.
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Bacterial resistance is a worldwide concern. At least one third 
of antibiotic prescribed in hospitals are either unnecessary or 
inappropriate and such misuse is a main driver for development 
of resistance [1]. One obvious example is the prescription of 
antimicrobial agents for upper respiratory infections while it 
is well known that about 90% cases are of viral origin and self-
limiting [2].

Although increasing bacterial resistance to antimicrobials 
has several causes, two key features include overuse and misuse 
of antibiotics. Antibiotics are prescribed for indications in which 
their use in not warranted or an incorrect or suboptimal antibiotic 
is prescribed. The council for appropriate and rational antibiotic 
therapy (CARAT) has developed five criteria to assist healthcare 
providers in selecting the most appropriate and accurate treatment 
regimen. This consists of 1. Evidence based results, 2. Therapeutic 
benefits, 3. Safety, 4. Cost effectiveness and 5. Optimal drug dose 
and duration [3].

However, there is now convincing evidence that timely selection 
and administration of appropriate antimicrobial therapy can 
significantly impact treatment outcomes, especially in patients 
with severe or life-threatening infections [4]. In an effort to 
optimize antimicrobial therapy while reducing treatment related 
costs, minimize adverse events and decrease risk of development 
of antimicrobial resistance, antimicrobial stewardship program 
has been proposed and implemented [5,6].

Antimicrobial stewardship guidelines identify two cores 
proactive activity-based strategies to promote prudent use of 
antibiotics: 

•	 Formulation restriction and preauthorization and 

•	 Prospective audit with intervention and feedback.

The efficiency of ASP has been measured by antimicrobial 
costs, resistant trends, days of therapy (DOTs) and defined daily 
doses (DDDs). All of these have their own limitations and no single 
measure provides a complete picture of the potential effect of ASP.
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Clinicians have been carrying out sequential management steps 
for numerous conditions for years, some of these steps have been 
formerly collated together as protocols. Nevertheless, compliance 
has always been a challenge. The concept of a bundle has been 
developed to act as a cohesive unit to ensure all steps of care are 
reliably delivered and adequately documented. This approach 
reduces unwarranted clinical variation, prevents avoidable 
morbidity and results in reduced length of hospital stay and 
improved patient outcome.

Care bundles consist of a group of key evidence-based actions 
instituted over a specific timeframe. They are distilled from 
scientific evidence and ideally should consist of between 3 to 
5 elements whose compliance can be monitored in a yes or no 
format. All elements of the care bundle need to be implemented for 
compliance and rapid feedback provided to caregiver. Care bundles 
are a practical method of taking policies and guidelines right to the 
bedside of the patients rather than confining them to the realm of 
committee and multidisciplinary teams.

All elements of the care bundle are crucial, if one element is left 
out, the process is likely to fail. They are a grouping of best practices 
with respect to disease process that individually improve care, yet 
when applied together result in substantial greater improvement. 
The science behind the care bundle should be established enough 
that it should be considered standard of care and bundle elements 
should be dichotomous so that compliance can be measured as 
yes or no at the same time and space. In addition, the care bundle 
would also avoid the piecemeal application of proven therapies in 
favor of an “all or none” approach.

The application of the care bundle relies upon a mixture of 
cognitive (education), administrative (recording), and behavioral 
(feedback of results) methods. These are then used to achieve 
quality improvement in healthcare delivery.

The care bundle approach has been well established as a method 
to optimize process delivery in healthcare, as endorsed by the 
Institute for Healthcare Improvement “100,000 Lives Campaign” 
in the USA and the Department of Health “Saving Lives” program 
in the UK. The following Care bundles already exist in critical care 
settings:

•	 Central vascular catheter maintenance bundle

•	 Catheter associated urinary tract infection care bundle

•	 Peripheral vascular catheter care bundle

•	 Surgical site infection prevention bundle

•	 Clostridium difficile infection care

•	 VAP bundle

•	 Severe sepsis resuscitation bundle (6 hours)

•	 Severe sepsis management bundle (24 hours)

•	 Maintenance bundle for use in the community.

It has been demonstrated that noncompliance with the 6-hour 
sepsis bundle was associated with a greater than two-fold increase 
in hospital morbidity. Noncompliance with 24-hour sepsis bundle 
resulted in 76% increase in risk for hospital death. There is also 
evidence that compliance with CARTI care bundle lead to zero 
infection in ICU and in VAP [7].

The following antimicrobial care bundle elements for antibiotic 
use in acute care hospitals have been proposed: 

Initiation bundle [8]:

•	 Clinical rationale for antibiotic initiation is documented

•	 Collect and submit sample material for smears and cultures to 
the laboratory

•	 A suitable antibiotic selected in accordance with local policy 
and risk class 

•	 Antibiotic ordered as per plan (name, dose, route, frequency 
and tentative duration)

•	 Removal of foreign body or ID, as appropriate, is considered.

Day 3 bundle [3]:

•	 Was an antibiotic plan documented (name, dose, route, 
frequency and planned duration?)

•	 Review of diagnosis after lab reports?

•	 If positive microbiology results, was there any adaptation: 
streamlining or discontinuation

•	 Was IV        oral switch considered and implemented

•	 Were all four above mentioned steps followed?

For surgical prophylaxis [8]:

•	 The chosen agent is in line with local guidelines for the 
operational and for the patient

•	 Timing of first dose in 30 min to 1 hour before incision

•	 Stop antibiotic by 24 hours after the pre operative dose.

→
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Operationalization of antibiotic bundle

Templates need to be created and used to make entering 
the information easy for the prescriber figure 1, it is assumed 
that a hospital antibiotic policy has already been developed and 
available for use. To start with, the responsibility of monitoring 
and reviewing antimicrobial prescription needs to be delegated 
to either one person (pharmacologist/pharmacist) or a team 
consisting of a pharmacologist/pharmacist and microbiologist 
with active support from infection control (infection prevention) 
nurse, data needs to be entered daily figure 2,3,4,5. To detect 20% 
increase in compliance with care bundle using a beta of 0.2 and 
an alpha of 0.05, at least 85 antibiotic orders must be reviewed. 
The job description of the antimicrobial bundle team or officer 
must include daily review of all patients’ culture and antimicrobial 
therapy. After in depth reviews and comparisons with existing 
local antimicrobial policy, changes should be suggested if required, 
directly to the medical team. Institutes should be required to 
organize and participate in at least a weekly in-service program 
focused on its own antibiogram.

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

The following information should be collected:

•	 Patient demographic

•	 Infection characteristics,

•	 Antimicrobial therapy

•	 Patient outcome: length of stay and eradication of pathogen.

Quality indicators to be monitored and shared with care givers: 1. 
documentation of treatment rationale, 2. collection and submission 
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of relevant samples for culture, 3. appropriate empirical selection 
of antimicrobial according to institutional guidelines, 4. Antibiotic 
plan (which should indicate name of antibiotic chosen, dose, route, 
frequency and planned duration) and 5. Appropriate de-escalation.

Toth [9] from Michigan, USA reported on implementation of this 
antimicrobial care bundle in a 903-bed tertiary care institute. During 
the retrospective control phase (September through November 
2007) there was no ASP pharmacist involved subsequently during 
the intervention phase (February through April 2008) a pharmacist 
performed prospective audit and provided feedback. A total of 160 
patients (80 in control and 80 in intervention groups) and 442 
antibiotic orders were evaluated. In the intervention phase, 168 
interventions were made with an acceptance rate of 91%. Following 
implementation of the ASP, compliance with the care bundle 
improved. Prescriber documentation of the indication for therapy 
improved from 95% to 100%, de-escalation improved from 72% 
to 90% and compliance with all quality indicators rose from 16% 
to 54%, with daily prospective audit and feedback provided by the 
ASP team. Between control and intervention groups, there was no 
statistically significant difference in the mortality rate or length of 
stay; pathogen eradication improved from 90% to 98%. As a result 
of the intervention, the median duration of therapy was reduced 
from eight to six days.

However, Fleet [10] from Lewisham Hospital, NHS Trust, 
reported that in their hospital the bundle was found to be complex 
and frequently attracted non-applicable as the response, they 
subsequently proposed two simpler bundles

The antimicrobial initiation bundle suggested by Fleet has the 
following components:

•	 Two relevant clinical signs of infections are documented in 
the medical notes

•	 working diagnosis including severity of infection is 
documented

•	 Appropriate clinical specimen sent for microscopy, culture 
and susceptibility before starting antimicrobial therapy.

•	 Antimicrobial is selected according to local guidelines and is 
appropriate for individual patient

•	 First dose of antimicrobial administered within 4 hours of 
prescription.

The 48-hour review care bundle has the following elements:

•	 Diagnosis confirmed by consultant and clinical indication for 
antimicrobial recorded

•	 Microbiology results checked and initial choice of 
antimicrobial reviewed regarding possible de-escalation or 
stopping therapy.

•	 Route of administration reviewed and possibility of IV to 
oral switch evaluated

•	 Dose and frequency reviewed in relation to clinical progress 
and laboratory findings including renal functions and 
therapeutic drug monitoring results.

•	 Duration and treatment or next review data recorded on 
drug chart and end point documented.

Fleet reports that clinicians found its application easy and 
compliance rose from previously 50% to over 80%. The proposed 
bundles thus provided a simple, reproducible measure of quality 
of antibiotic management and have been incorporated in the 
“Principles of antibiotic management” published by the hospital.

While interventions targeting the point of prescription may 
have a limited impact because of the usual empirical nature of this 
prescription, formal reassessment of antibiotic therapy after two to 
four days. When the clinical evolution and microbiological results 
are available, it may lead to modifications of the prescription and 
might contribute to more appropriate use of antibiotics. 

Manuel., et al. (2010) [11] estimated the impact of a 
standardized review of intravenous antibiotic therapy three days 
after prescription in two internal medicine wards of a university 
hospital in Switzerland. In one ward, they assessed the charts of 
patients under intravenous antibiotic therapy using a standardized 
review process and provided feedback to the prescriber. There 
was no intervention in the other ward. The allocation was crossed 
after six months between the two wards. There were 204 courses 
of antibiotic therapy included in the intervention period and 
226 in the control period. An antibiotic course review resulted 
in a recommendation for modification in 46% of cases. Time 
to treatment modification was 22% shorter in the intervention 
periods compared with the control periods (3.9 + 5.2 days vs 5.0 
+ 6.0 days, P = 0.007). Compared to the control group, patients 
in the intervention group consumed fewer antibiotics, but the 
intervention did not significantly change the overall antibiotic 
consumption of the two hospitals. 
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Antimicrobial care bundles are presently a work in progress 
and as more hospitals use it and provide inputs, there is bound to 
be revision and refinement, but it should be considered as a step 
in the right direction of taking policies from the realm of board 
room to bedside of the patients and addressing the question about 
appropriate use of antibiotics (as per Antibiotic Use Policy) and the 
emergence and spread of drug resistance.
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