FAQs:

Q: How to interpret the DRI output?

Short answer: Values show overall resistance, adjusted for the prescribed volume in each period. 


Long explanation:
The DRI produces a number between 0 and 1 that should be interpreted as a relative value expressing the overall susceptibility of that species to the basket of antibiotics available to treat it. It should not be understood as multidrug resistance, but rather the proportion of resistant isolates adjusted for the relative importance (i.e. prescribed volume) of each drug in each period.

The strength of any index is that it makes comparisons over both time and location substantially easier. For example, an increase in the DRI of Pseudomonas from 0.56 to 0.6 in the next month tells you that that infection has become more difficult to treat, taking into account any changes in prescribing patterns towards more effective antibiotics. Furthermore, a Pseudomonas DRI of 0.56 in one facility vs. a value of 0.47 in another allows for relative comparisons of resistance between locations. 
Q: What is the incremental benefit of DRI vs antibiogram? 
Short answer: The DRI is a simpler trend measure intended for non-experts that need to quickly grasp the big picture. It can also be used as an aggregate outcome variable in studies.


Long explanation:
The DRI is intended for people without a background in clinical microbiology, (as a means to) track the overall effectiveness of available antibiotics (e.g., hospital administrators, journalists, policymakers working in the public health and drug development fields). As a secondary application, it can serve as a composite outcome measure in epidemiological investigations. In contrast, antibiograms are intended to guide clinicians in their choice of empirical therapy, by the bedside and at a single point in time. However, using that information to understand susceptibility patterns over multiple periods presents several difficulties: 

1. Antibiogram data doesn’t necessarily reflect clinical treatment failures. Resistance to a particular antibiotic matters less when doctors have other choices, and more when they don’t. For instance, rising cephalosporin resistance among E coli is less alarming than among gonococci.The DRI addresses this by aggregating and weighing antibiogram data by the extent to which indicated drugs are used, so if resistance to a less critical drug spikes up, the index will increase only slightly. 

2. There are many relevant organism-pathogen combinations, and their trends often move in opposite directions – As one of these measurements increases, another decreases, and the rest stay the same, it is difficult to assess if things have gotten better or worse. A single number makes it easier to explain an overall trend to someone who does not know the importance of these drugs in clinical practice.

Q: How is the period of analysis defined? What is the optimum time interval to calculate a DRI for a facility and is there is a lower limit to this duration, e.g. not less than 3 months?
A: Given the seasonality[2,3] of antibiotic resistance and the rapid emergence of new strains, we recommend that a DRI be calculated for the shortest possible period that would yield meaningful results (e.g. monthly, quarterly or annual intervals). As a rule of thumb followed in antibiogram preparation [4], a period is too short if <30 units of observation are encountered per period. Any period longer than a year might conceal important epidemiological trends, and a period shorter than 1 month might result in too much noise. 

At the level of a single facility, a quarterly or monthly calculation might only be possible for the most frequently encountered isolates (S aureus and E coli). This problem can be overcome in two ways:

1) Pooling data from multiple institutions  (e.g. hospitals that share a geographic region and/or are part of a network); or 

2) Grouping species by their taxonomy to create a DRI that summarizes similar pathogens (e.g. combine data for Acinetobacter and Pseudomonas isolates and you still get a meaningful "Non-fermenter Gram-negative rods DRI"; combine Enterobcter, Serratia and Citrobacter with Klebsiella and E coli into "Enterobacteriaceae DRI", or even broader aggregation by Gram-strain result etc.). 
Q: If the antimicrobial stewardship (AMS) program in a facility is limited to an area (ICU or medical wards) or patient population (e.g. pediatric patients), can the DRI be used to measure outcomes of AMS implementation?
A: Yes, a DRI can be localized and stratified if the richness of the available data allows it. Ideally, both the microbiology and antibiotic use datasets should have fields indicating the sub-group of interest corresponding to each isolate and unit of prescribed antibiotic. As a minimum, the resistance data have to be stratified, and use weights can be the same across groups. In such a case, comparing DRIs across wards will be limited by the assumption that usage proportions for the entire hospital are applicable to individual wards. 

In addition to comparing stratified DRIs for different groups, the effectiveness of interventions can be measured by analyzing DRI time series. For instance, the introduction of formulary restriction can be assessed using a before and after comparison between the fixed and adaptive forms of the DRI. A fixed DRI would hold the antibiotic usage component at the pre-intervention levels, and the adaptive DRI would reflect post-intervention usage. The divergence between the two series would reflect how prescribing patterns have responded to the intervention. 
Q. Is any facility-level denominator data required (e.g. patient days, occupancy index, case-mix index etc.)?

A. No, at least not in the general case of a DRI that is being used in a single facility. However, if the DRI is used for benchmarking and comparison purposes across a hospital system, an adjustment might be necessary if there is significant diversity in the complexity of clinical care delivered at each site. Depending on their availability, any number of process measures can be used for adjustment, including number of beds, surgical volume, case-mix index, number of ICU-days, and number of reported infections [5].
Q. How is the 'Use Weight' component defined and calculated?
A:  Prior to the calculation of each period DRI, the team of analysts should specify a basket of drugs that includes all clinically relevant classes of drugs (i.e. are commonly used against the pathogen(s)), for which there is adequate susceptibility data. For each period, weights are calculated as the quantity of each element from that basket over the combined quantity of all basket drugs used during the time period. 

Please note that according to this definition, the drugs that will be included in each pathogen-specific index will be different for different groups of organisms. For instance, a DRI for E coli or K pnuemoniae would exclude vancomycin or any other drugs not indicated and/or intrinsically resistant against Enterobacteariceae. See Table 1 in this publication for an example of other simplifying assumptions made when preparing cumulative antibiogram tools [6]. 

In addition, note that the matching of antibiotics in a basked with susceptibility information would require the grouping of individual drugs into broader classes and categories. See footnote on p.1 for more information. 
Q: In India, there are many generics of a drug available in the hospital formulary. How would this impact DRI calculations?
A: As a first step of formatting of the antibiotic use database, data have to be aggregated by active ingredient(s). Non-standard fixed-dose combinations may present a challenge since they could be matched to more than one drug class when matching use and susceptibility information. The optimal grouping of NSFDCs will depend on the combination itself, local reporting and clinical practices. Additional data processing may be required to separate combinations into separate active ingredients.

Q: How to handle period changes in formularies and/or clinical laboratory practice? 
The introduction or new drugs to the formulary that may also be relevant to the basket of drugs used in a DRI should not impact results, provided that the new drug can be fitted in a drug class that is already a part of the calculation. In the longer run. if an entirely new class of drugs happens to be introduced in clinical practice (e.g. tigecycline or linezolid), the addition of that class to the series would not skew results as the relative consumption of such agents tends to be very low at first. 

Changes in susceptibility reporting and testing protocols present a bigger challenge to the correct derivation of a DRI. If in some years me drugs included in the cumulative antibiogram are only tested on selected isolates, the data will be skewed. For instance, in one year all isolates of enterococci found to be VRE were identified to the species level, but in the subsequent year species identification could only be performed for isolates sterile body sites. In this case, only results from comparable isolate subsets should be tabulated – i.e. all non-sterile isolates have to be excluded to avoid bias. 
G: How does DRI factor the increase in a particular antibiotic consumption, which may have been due to a seasonal outbreak of a particular disease?

A: Cumulative antibiograms are usually impacted by the presence of such outbreaks. Whenever possible, the hospital epidemiologist should be consulted and an index that excludes known outbreak isolates should be constructed for comparison purposes. Upon presentation of results, the outbreak should be acknowledged at least with a footnote. 

In general, the susceptibility data used in an index should conform to accepted standards for preparing cumulative antibiograms. Surveillance cultures and repeat isolates per patient should be filtered [7].

Q: How much resources are needed to invest within a hospital to measure DRI regularly?

A: The time and resource investment for calculating a DRI is minimal if a facility already has all the basic IT and staffing elements in place to implement antibiotic stewardship strategies (an antibiotic formulary, regular preparation and dissemination of antibiograms, a pharmacy- or EMR-based system for tracking antibiotic consumption, a part-time epidemiologist and data analyst). Usually if any of those elements are in place, the clinical laboratory should also be able to provide susceptibility results electronically through a system like WhoNet, or a number of more advanced IT solutions. The dissemination of DRI results is perhaps the most important part of the process and should be made an integral part of the educational component of the ASP.

Q: What value of DRI for a particular pathogen is acceptable, not alarming? Are there are any specific interventions suggested at different levels of DRI value?

A: DRI value of 1 means that all treatment options for a pathogen have been exhausted, and a value of 0 – that the indicator species is/are treatable with all available drugs. Aside from this theoretical interpretation, index values can also be read as an “overall resistance rate”.

Since the burden of resistance varies locally, as does the quality and practice of antimicrobial surveillance, there is no external standard for benchmarking DRI levels. The primary strength of the DRI lies in the ability to elegantly measure trends over time. However, as is the case with antimicrobial usage, DRI comparisons across facilities are possible when calculation methods and data consistency can be guaranteed, as is the case with hospital chains [8]. Such comparisons have to be made with care and recognize the possible need for risk-adjustment, even within a similar set of hospitals. 

Q: The antibiotic consumption includes empirical usage also but antibiogram data only includes culture positive cases. In such cases specially in India where the culture positivity is very low ( 20-30% for blood), can high culture negativity and hence the 'deficient' antibiogram affect the DRI calculations ?

A: The DRI is ultimately a measure of the decay of antibiotic effectiveness over time (see above). Because any form of antibiotic use – whether empiric, pathogen-directed or prophylactic – has an impact on resistance via selective pressure, and in turn impacts the future effectiveness of antibiotics, the DRI is not made any less valid by the inclusion of empiric use. Low culture yield is certainly a limitation, but cumulative antibiograms that are prepared according to consistent guidelines are still the best proxy we have for the ecological relationship between antibiotic use and resistance. 

