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ABSTRACT

Antimicrobial exposure contributes to the emergence and
spread of multidrug-resistant organisms. As rates of colo-
nization and infection with these organisms are among
the highest in the population of chronic hemodialysis
patients and antimicrobial exposure among this patient
population is extensive, it is imperative to prescribe anti-
microbials judiciously. Thirty to forty percent of chronic
hemodialysis patients receive at least one dose of antimi-
crobials in outpatient centers over a one-year period. Up
to 30% of these antimicrobials are prescribed inappropri-
ately, as per national guidelines. The predominant reasons
include (i) failure to de-escalate to a more narrow-spec-
trum antimicrobial, (ii) criteria for infection, especially
skin and soft tissue infections, are not met, and (iii) indi-
cations and duration for surgical prophylaxis for minor
vascular-access-related procedures do not follow recom-

mended guidelines. Vancomycin, third- or fourth-genera-
tion cephalosporins and cefazolin are the most common
antimicrobials or antimicrobial classes prescribed inappro-
priately. Antimicrobial stewardship programs reduce both
inappropriate antimicrobial exposure and associated costs.
Effective strategies include (i) education, (ii) guidelines
and clinical pathways, (iii) antimicrobial order forms,
(iv) de-escalation therapy, and (v) prospective audit and
feedback. Dialysis centers need to identify a team of indi-
viduals that will lead the antimicrobial stewardship pro-
gram. Administrative and financial support for this team
is essential. After implementation of the program, regular
monitoring for compliance with strategies, and identifying
factors that are preventing compliance are necessary. The
efficacy of the program should also be evaluated at regu-
lar intervals through process and outcome measures.

Antimicrobial exposure is one of the main risk
factors for the emergence and spread of multidrug-
resistant organisms (1-3). Antimicrobial exposure is
also associated with substantial adverse events (4,5);
some of these adverse effects might be more com-
mon in dialysis settings given the altered pharmaco-
kinetics and polypharmacy in patients requiring
chronic hemodialysis (CHD). Improving antimicro-
bial prescribing practices and thereby minimizing
exposure to antimicrobials that may not be indi-
cated, is therefore crucial for curtailing the ongoing
increase in the prevalence of multidrug-resistant
organisms and improving patient outcomes.

Overall Antimicrobial Use in the Dialysis
Population

In 2006, the Centers for Disease Control and
Prevention’s National Healthcare Safety Network
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(CDC NHSN) reported antimicrobial use among 32
outpatient hemodialysis centers (6). All antimicro-
bial starts, by vascular-access type, were recorded
with new starts defined as those occurring at least
21 days after a prior one. During the 12-month
study period, 977 starts were recorded providing a
pooled mean of 3.5 starts per 100-patient months.

Chronic hemodialysis patients with permanent
central lines had the highest rate of antimicrobial
starts (6.4 starts/100 patient-months) followed by
those with grafts (2.4 starts/100 patient-months)
and fistulas (1.8 starts/100 patient-months).
Although CHD patients with temporary central
lines had a higher pooled mean of antimicrobial
starts (25.4 starts/100 patient-months), this value is
difficult to interpret given the low number of
patients with temporary central lines.

Vancomycin accounted for 73% of all antimicro-
bial starts. Pooled mean rates of vancomycin starts,
by vascular-access type, were as follows: 1.2 starts/
100 patient-months for fistulas, 1.6 starts/100
patient-months for grafts, 5.0 starts/100 patient-
months for permanent central lines and 16.1 starts/
100 patient-months for temporary central lines (6)
(Table 1).

George et al. (2006) used a similar study design
to quantify antimicrobial starts in one 112-bed
outpatient dialysis unit in London, England (7).
Overall, rates of antimicrobial starts and vancomy-
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TABLE 1. Comparison of pooled means of intravenous (IV)
antimicrobial starts, by study

TABLE 2. Pooled means of intravenous (IV) antimicrobial starts,
by antimicrobial type, in two dialysis centers (8)

IV Antimicrobial starts (per 100
patient-months)

IV Antimicrobial Use (doses/

Type of Antimicrobial 100 patient-months [range])

Study All IV antimicrobials Vancomycin
Klevens et al. (2008) 3.5 2.6

George et al. (2006) 7.7-4.1* 6.4-3.6*
Snyder et al. (2011) 7.6 5.3

NHSN (2007-2011)° 3.1 2.2

“Lower means reflect implementation of a blood-stream infec-
tion surveillance scheme with feedback (7).

®Centers for Disease Control and Prevention, National Health-
care Safety Network Dialysis Event Data (personal communica-
tion).

cin starts were substantially higher in this study
compared with the above mentioned CDC study,
although these rates fell substantially after imple-
mentation of a blood-stream infection surveillance
scheme with feedback (6) (Table 1).

The National Healthcare Safety Network Dialysis
Event has also recently reported rates of antimicro-
bial starts from 2007 through 2011 among 193 dial-
ysis centers which are presented in Table 1
(personal communication). The reasons for different
rates are unclear but may be due to differences in
patient populations, including percent of patients
with permanent central lines or prescribing prac-
tices.

The most recent study addressing antimicrobial
use in dialysis centers quantified all antimicrobials
doses (both starts and continuing doses) adminis-
tered in two dialysis centers in Boston, Massachu-
setts from 2008 through 2011 (8). The pooled mean
for all antimicrobial doses was 32.3 doses per 100
patient-months. The pooled mean for only antimi-
crobial starts was 7.6 per 100 patient-months, a
mean similar to the George et al’s study (7,8)
(Table 1).

The Boston-based two-unit dialysis study also
quantified pooled means of all antimicrobials (8)
(Table 2). Vancomycin was the most commonly
prescribed antimicrobial, followed by cefazolin
and third- or fourth-generation cephalosporins. The
finding that third- or fourth-generation cephalospo-
rins were the third most commonly prescribed anti-
microbials is a novel finding. It is also a concerning
finding, since these classes of antimicrobials are key
risk factors for the emergence and spread of multi-
drug-resistant gram-negative bacteria, which cause
infections associated with substantial morbidity and
mortality (9).

Data on antimicrobial use are also available
through the United States Renal Data System (10).
In their 2009 Annual Data Report, which provided
data from 1994 through 2007, the percent of CHD
patients with at least one outpatient antibiotic claim
increased from 31% in 1994 to 41% in 2007. The
percent of patients with at least one antimicrobial
claim in 2007 by type of antimicrobial was as
follows (percent of patients): vancomycin (28%), ce-

All IV antimicrobials 32.9 (5.2-67.2)

Vancomycin 22.3 (5.2-50.0)
Cefazolin 5.1 (0.0-25.9)
Third- or fourth-generation 3.0 (0.0-13.0)
cephalosporins®

Aminoglycosides® 1.0 (0.0-12.1)
Daptomceyin 1.3 (0.0-13.0)
Carbapenems® 0.2 (0.0-5.5)
Piperacillin-tazobactam 0.03 (0.0-2.3)
Levofloxacin 0.03 (0.0-1.1)

“Third- or fourth-generation cephalosporins include ceftriax-
one, ceftazidime, and cefepime.

®Aminoglycosides include gentamicin, amikacin, and tobramy-
cin.

“Carbapenems include ertapenem and meropenem.

fazolin (18%), aminoglycosides (15%), and broad-
spectrum cephalosporins (5%). Although there was
an increase in vancomycin and cefazolin claims
from 1994 through 2007, the percent of claims
remained stable for aminoglycosides and broad-
spectrum cephalosporins.

There is a paucity of data pertaining to antimi-
crobial use among CHD patients in the hospital
setting. One study suggests that the rate of vanco-
mycin exposure among CHD patients is substan-
tially higher than other hospitalized patients. Green
et al. (2000) quantified vancomycin use among hos-
pitalized CHD patients (11). Over the 3-month pro-
spective study, 103 patients requiring chronic
hemodialysis during 144 admissions were followed.
Patients received at least one dose of vancomycin
during 39% of admissions. When compared with
patients hospitalized during the same time period,
who did not require chronic hemodialysis, dialysis
patients had an 11-fold higher risk of receiving
vancomycin. One recent study also documented that
in-hospital vancomycin use among dialysis patients
is increasing. In this 5-year study, the percent of
patients treated with vancomycin for methicillin-sus-
ceptible  Staphylococcus aureus (MSSA) blood-
stream infections was 49.4% in 2006 and rose to
66.4% in 2010 (p < 0.001) (12).

Inappropriate Antimicrobial Use

Few studies have quantified inappropriate antimi-
crobial prescribing among the CHD population.
Two hospital-based studies quantified and charac-
terized vancomycin prescribing among CHD
patients admitted to tertiary care hospitals. Conclu-
sions from both studies were similar. Green et al.
(2000) followed hospitalized CHD patients over a
3-month study period and used the Healthcare
Infection Control Practices Advisory Committee
(HICPAC) guidelines for determining the appropri-
ateness of vancomycin administrations (11,13).



The investigators modified these guidelines to
include, as appropriate, empiric administration of
vancomycin for the febrile CHD patient, given the
high rates of methicillin-resistant Staphylococcus
aureus infections.

Among the 164 prescribed vancomycin doses,
20% were categorized as inappropriate. Continued
therapy despite negative cultures for a f-lactam
resistant organism and absence of a f-lactam allergy
accounted for 14% of inappropriate vancomycin
doses. Prophylaxis for indwelling vascular catheters
was the next most common inappropriate indication
accounting for 3% of doses, followed by not indi-
cated surgical prophylaxis among 2% of doses.
Only 1% of inappropriate vancomycin doses were
for the treatment of a single positive blood culture
contaminated with coagulase-negative staphylo-
coccl.

Zvonar et al. (2008) followed 105 hospitalized
patients requiring CHD over a 12-month study per-
iod and also used the modified HICPAC guidelines
for vancomycin prescribing (14). Among the 163
courses of vancomycin, 12% were considered to be
inappropriate. As in the Green et al. (2000) study,
treatment of f-lactam susceptible pathogens in the
absence of a f-lactam allergy was the most com-
mon inappropriate indication accounting for the
great majority of inappropriate vancomycin doses
(11,14).

Only one study quantified and characterized inap-
propriate antimicrobial prescribing in the outpatient
dialysis setting. Snyder et al. (2011) prospectively
followed 278 patients receiving chronic hemodialysis
in two Boston-based centers over a 12-month study
period (8). In this study, all intravenous antimicro-
bial doses administered to patients were evaluated.
Reasons for inappropriate administration of antimi-
crobials were categorized into (i) criteria for
infection was not met, based on national guidelines,
(ii) failure to use a more narrow-spectrum antimi-
crobial based on culture data, and (iii) indication
for surgical prophylaxis were not met, including no
indication or prolonged duration (>24 hours). A
total of 1003 doses of antimicrobials were adminis-
tered. Thirty-two percent of patients received at
least one antimicrobial dose over the one-year study
period. CHD patients received 11.3 doses (range
1-78) and 1.5 (range 1-5) different antimicrobials,
on average. Overall, 29.8% of doses were classified
as inappropriate.

The most common category of inappropriate pre-
scribing was that the criteria for infection were not
met, accounting for 52.9% of all doses. Among
these, presumed blood-stream infection, that did not
meet criteria, was the most common, with approxi-
mately half of these doses administered for a single
positive blood culture for coagulase-negative staph-
ylococci in the absence of any clinical signs or
symptoms of infection.

The second most common infection for which
criteria were not met was skin and soft tissue infec-
tions (SSTI). Criteria for an SSTI required either
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purulent drainage or >2 of the following:
erythema, swelling, tenderness, and warmth (15).
Criteria for vascular-access-related SSTI required
pus, increased swelling or redness at the vascular-
access site (16). A total of 51.6% of inappropriate
doses for SSTI represented treatment of lower
extremity cellulitis whereby only redness or swelling
was present. The remaining 48.4% of doses repre-
sented vascular-access-related infection whereby
only tenderness was present. The remaining sites of
infection in which criteria were not met were uri-
nary tract infections and pneumonia (4.8% and
2.7% of inappropriate doses in this category,
respectively).

The second most common category for which an-
timicrobials were prescribed inappropriately was
failure to choose a more narrow-spectrum antimi-
crobial, accounting for 26.8% of all inappropriate
doses. Approximately two-thirds of these doses rep-
resented administration of vancomycin, instead of a
p-lactam antimicrobial in the absence of a f-lactam
allergy. The remaining one-third of these doses
represented administration of third- or fourth-
generation cephalosporins instead of a first-genera-
tion cephalosporin despite available antimicrobial
susceptibility data.

Failure to meet the indications and duration for
surgical prophylaxis was the third most common
category for which antimicrobials were prescribed
inappropriately and accounted for 20.3% of all
inappropriate doses. Among these, vascular-access-
related procedures predominated. Of note, the great
majority of these doses were administered in one of
the two dialysis centers, suggesting that these find-
ings may not be generalizable to all dialysis centers,
highlighting the value of understanding local anti-
microbial prescribing patterns in individual dialysis
centers to help target interventions (8).

Lastly, this study also addressed inappropriate
prescribing patterns by type of antimicrobial.
Thirty-seven percent of vancomycin doses, 36% of
cefazolin doses, and 13% of third-generation or
fourth-generation cephalosporins doses were pre-
scribed inappropriately (8).

Antimicrobial Stewardship Programs (ASP)

The predominant goals of an ASP are to improve
the selection of an appropriate antimicrobial and
optimize the dose and duration of therapy. The
duration should be adequate for infection cure while
minimizing toxicity and emergence of antimicrobial
resistance. The great majority of data pertaining to
ASP reflect the hospital setting. These ASP have
demonstrated reductions in antimicrobial exposure
ranging from 22-36% and decreases in hospital
costs ranging from $200,000-$900,000 (17-21). The
Infectious Diseases Society of America (IDSA) and
the Society for Healthcare Epidemiology of America
(SHEA) have provided guidelines for developing an
institutional program to enhance antimicrobial
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stewardship (22). Although these guidelines are
hospital-based, many of the strategies can be
implemented in dialysis centers.

Strategies for an Effective ASP

The concept of an effective ASP as per the
IDSA/SHEA guidelines is that there is dedicated
team of healthcare personnel, consisting of an infec-
tious disease physician and a clinical pharmacist,
with the inclusion of a clinical microbiologist,
hospital epidemiologist, and information system
specialist (22). This extended team approach is not
logistically feasible in individual dialysis centers.
However, identifying several individuals in dialysis
centers who would be responsible for ensuring anti-
microbial stewardship could be a more feasible
approach. Examples of these individuals include
medical directors or designee, nurses, or pharma-
cists, if available. Adequate authority and compen-
sation for these individuals with support from
administration and leadership would be key to a
successful ASP. These individuals would then be
responsible for developing an ASP with input from
other healthcare personnel and administration and,
subsequently implementing and monitoring the
ASP.

Education

Clinician education is an essential component of
any ASP. A dedicated lecture series and providing
guidelines for appropriate antimicrobial use are
some examples. Lecture topics to consider include
treatment of the common infections in hemodialysis
patients, epidemiology of antimicrobial-resistant
bacteria in the dialysis population and an overview
of ASP. These efforts should not only target the
nephrologists but also all healthcare workers in the
dialysis unit since in this setting a team approach is
central to patient care.

Unfortunately, education alone is not sufficient.
Studies have shown that, although effective, the
benefit is limited without active intervention. For
example, in a study to improve physicians’ prescrib-
ing of antimicrobial prophylaxis for preventing sur-
gical site infections, educational efforts in the form
of an antibiotic handbook increased compliance
with suggested therapies from 11% to 18%. When
an active intervention was introduced, a periopera-
tive preprinted physician order form, compliance
increased from 17% to 78%. (23).

Guidelines and Clinical Pathways

Providing evidence-based guidelines for the treat-
ment of infections and appropriate antimicrobial
use is an effective strategy. A study by South et al.
(2003) provided laminated cards with guidelines for
the treatment of three common pediatric infections.
A marked improvement in the treatment of orbital/
periorbital cellulitis was documented, with appropri-

ate prescribing increasing from 19% without the
cards to 78% with the cards. Appropriate treatment
of other infections also increased but to a lesser
extent (24).

Implementation of guidelines and clinical path-
ways in dialysis centers would require identifying
the most common infections that patients develop.
Potential infections to target would include bactere-
mia, especially when coagulase-negative staphylo-
cocci are implicated, and skin and soft tissue
infections, including vascular-access site infections
(8). Guidelines should also be developed for the
most commonly prescribed antimicrobials. For
vancomycin, the HICPAC guidelines (13) could be
implemented with the modification that empiric
vancomycin administration is appropriate in the set-
ting of the febrile patient, due to the high preva-
lence of methicillin-resistant Staphylococcus aureus
infection (11). Other antimicrobials to target will
require knowledge of prescribing patterns in individ-
ual dialysis centers. Given the high rates of
antimicrobial resistance, knowledge of local antimi-
crobial susceptibility patterns should guide the
development of all guidelines (22). Ideally, all anti-
biotic prescribing guidelines that are developed for
dialysis centers should be reviewed by an infectious
disease specialist.

Developing and disseminating guidelines, however,
may not result in compliance with their implementa-
tion and therefore a strategy which involves monitor-
ing compliance should also be considered, and is
discussed below. Lastly, effective guidelines should
be reviewed and updated regularly to reflect the most
recent data, pertaining to optimal treatment regi-
mens and antimicrobial susceptibility patterns.

Antimicrobial Order Forms

Antimicrobial order forms requiring justification
for physician prescribing can lead to a 30% reduc-
tion in antimicrobial use (25). In dialysis centers,
forms providing a checklist of indications for the
appropriate use of antimicrobials for specific infec-
tions or antimicrobials, could be developed and
implemented. As with guidelines, monitoring of
compliance and providing clinicians feedback would
be essential.

Streamlining or De-escalation Therapy

Changing to a more narrow-spectrum antimicro-
bial, after collecting clinical cultures and, culture
data with antimicrobial susceptibility patterns are
available, is a key strategy to reduce inappropriate
antimicrobial use and costs. This strategy is espe-
cially relevant to dialysis centers since prescribing of
vancomycin instead of beta-lactam antimicrobials is
one of the most common inappropriate indications
for antimicrobial use (11,14). One of the main rea-
sons for ongoing vancomycin therapy, instead of a
beta-lactam antimicrobial, is the ease of its adminis-
tration during dialysis sessions.



The importance of de-escalation to a beta-lactam
antimicrobial from vancomycin, however, cannot be
overemphasized. A study comparing treatment
of methicillin-susceptible  Staphylococcus —aureus
(MSSA) with nafcillin or cefazolin demonstrated a
79% lower mortality hazards compared with vanco-
mycin treatment (26). Although nafcillin administra-
tion in dialysis patients may not be feasible given its
dosing schedule, cefazolin is a reasonable alternative.
Schweizer et al. followed 123 hemodialysis-dependent
patients with MSSA blood-stream infections. Treat-
ment failure was lower among patients treated with
cefazolin compared with those treated with vancomy-
cin (31.2% vs. 13%, p = 0.02). Of note, retention of
the vascular-access was also associated with treat-
ment failure (26).

Another study addressing outcomes of vancomy-
cin vs. cefazolin treatment of MSSA blood-stream
infection among hemodialysis patients also showed
that cefazolin therapy was superior. In this study,
patients treated with cefazolin had a 38% lower risk
of hospitalization or death compared with patients
treated with vancomycin (12).

Third-generation or fourth- generation cephalo-
sporins have recently been shown to be common
antimicrobials that are also frequently prescribed
inappropriately due to failure to de-escalate to a
first-generation cephalosporin (8). In addition to
substantial cost savings, use of more narrow-
spectrum cephalosporins would minimize the
emergence of multidrug-resistant organisms.

Prospective Audit with Intervention and

Feedback

This intervention is referred to as a “core strat-
egy” in the IDSA/SHEA guidelines for ASP (22).
This strategy involves reviewing physicians’ pre-
scribing patterns of specific antimicrobials, identify-
ing indications or duration of therapy which can
be improved, and then providing an intervention,
such as an educational one, with either verbal or
written feedback to the prescribing physician. In
the hospital setting, prospective audit with inter-
vention and feedback usually mandates an infec-
tious disease specialist or pharmacist, as per the
IDSA/SHEA guidelines (22). This approach may
not be feasible in dialysis centers but modified ver-
sions could be developed. For example, antimicro-
bial order forms that require a checklist for
indications for infections or antimicrobial choice,
as mentioned above, could be reviewed by those
individuals identified to implement the ASP. Using
guidelines and clinical pathways, these individuals
could then provide feedback to the prescribing
nephrologist, not only regarding their compliance
rate but also providing de-identified comparison
compliance data for other prescribers, and poten-
tially other dialysis centers.

Another strategy for dialysis centers could entail
reviewing orders for vancomycin, since it is the most
common antimicrobial prescribed inappropriately,
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and determine (i) if vancomycin is indicated, (ii) if
cefazolin would be more appropriate, and (iii) if the
duration of therapy could be shortened. Determin-
ing whether culture data were obtained would also
be included in this strategy.

Formulary Restriction and Preauthorization
Requirements for Specific Agents

This intervention is the second “core strategy”, as
per the IDSA/SHEA guidelines that provide the
foundation for an effective ASP (22). Formulary
restriction refers to restricting the use of an antimi-
crobial to specific indications or patients or, restrict-
ing the duration of therapy. For example, linezolid
use may be restricted for use only in the treatment
of MRSA infections or among patients with a
vancomycin allergy. Preauthorization requires
approval for the use of a specific antimicrobial or
its duration. As with the prospective audit and feed-
back strategy, this intervention requires the ongoing
participation of an individual dedicated to the ASP.
To minimize the time commitment associated with
this strategy, focusing on specific antimicrobials,
such as those that provide the last available therapy
for specific pathogens or high-cost antimicrobials,
may be considered.

Computer Surveillance and Decision Support

A computer decision-support system linking anti-
microbial prescribing to medical records is another
effective strategy (27). There are numerous differ-
ent systems, including those that provide the pre-
scriber with information about the optimal
antimicrobial to prescribe, antimicrobials that
should not be prescribed, drug interactions, and
duration of courses. Ultimately, they provide the
prescriber with support regarding the best decision
for prescribing antimicrobials. There are several
limitations to this intervention, however. First, the
technology may not be available to all dialysis
centers. Second, even if implemented, these support
systems, as with any intervention, require monitor-
ing for compliance, feedback to nephrologists, and
regular updating to reflect the most recent informa-
tion (28).

Evaluating the Efficacy of ASP

Two measures are used to evaluate the efficacy of
an ASP; process and outcome measures (22,29,30).
Examples of process measures include total antimi-
crobial use, type of antimicrobial use and inappro-
priate indications for antimicrobial administration.
Outcome measures include rates of antimicrobial
resistance, adverse drug events and costs. These
measures should be collected before and after imple-
mentation of the ASP and values compared. In
addition, collection of these measurements should
continue at regular intervals to document the ongo-
ing efficacy of the ASP.
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Unique Aspects of ASP in Dialysis Centers

Antimicrobial Orders from Outside the Dialysis
Centers

In some cases, antimicrobials administered in the
outpatient dialysis unit are prescribed in the hospi-
tal setting or by surgeons and radiologists after out-
patient minimally invasive interventions for dialysis
access-related procedures. These antimicrobials are
then continued once the patient returns to the out-
patient center. In these situations, determining
whether both the initial and ongoing administration
of the prescribed antimicrobials is appropriate may
be difficult if documentation from the nonunit
physician is unavailable or suboptimal. Ongoing
antimicrobial therapy in dialysis centers for dialysis-
related procedures, for example, was identified as
one of the most common inappropriate indications
for antimicrobial prescribing in one dialysis unit (8).
The great majority of prescribed antimicrobials in
this category were for prophylaxis related to a mini-
mally invasive procedure and was either not indi-
cated or continued for >24 hours post procedure.
Individual dialysis centers should determine if this
finding is relevant to their unit and, if so, review if
the prophylactic antimicrobials are warranted and if
the duration of therapy is appropriate.

Role of Nurses and Physician Extenders in
Prescribing Anfimicrobials

Many orders for antimicrobials are prescribed via
phone conversations when nurses or physician ex-
tenders call the nephrologist with concern of a pos-
sible infectious process. This role, in addition to
many others related to patient care, emphasizes the
major contribution that these healthcare workers
play in prescribing antimicrobials. It is therefore
imperative that any effort towards a successful ASP
should clearly mandate the involvement of these
individuals (e.g., dialysis nurse, nurse manager).

Measuring Antimicrobial Use in the Dialysis
Unit

The optimal metric for measuring antimicrobial
use in dialysis centers is the mean number of doses
as it captures exposure to all antimicrobial doses.
This approach might not be feasible for facilities
that rely upon manual data collection methods to
perform surveillance. An alternative is to measure
antimicrobial starts per 100-patient months. This
antimicrobial start metric has become the standard
for dialysis reporting and is used by the Centers for
Disease Control and Prevention National Health-
care Safety Network (6). Familiarity with this
metric will therefore facilitate data collection on
antimicrobial use. A large proportion of dialysis
facilities use electronic health records, including
electronic records for medications administered. For
these facilities, collecting and reporting all doses

might be simpler than trying to identify antimicro-
bial starts. CDC is interested in exploring the feasi-
bility of changing the metric from antimicrobial
starts to all doses as it would capture more com-
plete exposure information.

ASP in Long-term Care Settings (LTCF)

Although implementation of a multifaceted ASP
is optimal, resources may not be available in health-
care facilities outside of the hospital setting. In
LTCF, for example, modified versions of ASP have
been investigated and have shown to successfully
reduce antimicrobial prescribing: potential parallels
from these investigations could be drawn for dialy-
sis centers.

Given the limited resources, ASP in LTCF has
focused predominantly on educational efforts and
the implementation of guidelines for improving
antimicrobial use. (31-33). These long-term care-
targeted programs improved adherence to recom-
mended guidelines and reduced inappropriate
antimicrobial prescribing by 20.5% (31,32). More
recently, and given the increased concern for antimi-
crobial-resistant bacteria in the LTCF setting (3),
full ASP programs with dedicated personnel have
been evaluated. In a 60-bed long-term acute care
facility, for example, two individuals were provided
with 10 additional hours per month to dedicate to
the ASP. These individuals developed stewardship
policies and discussed the program with the medical
staff. They also performed medical chart reviews for
antimicrobial prescribing patterns, provided written
feedback to prescribers and, recommended infec-
tious disease consultation if indicated. This ASP
resulted in a 21% reduction in antimicrobial use
(34). Another ASP program in a LTCF introduced
an infectious disease consultation service, which
resulted in a 30% reduction in antimicrobial use
(35). While the cost-effectiveness of these programs
in LTCF has not been shown, it is more than likely
that, as in hospital settings, the benefits introduced
by an ASP would greatly outweigh the costs.

Conclusions

Developing an effective ASP requires a complete
understanding of specific areas of antimicrobial
prescribing patterns that need improvement. It also
requires careful attention to what processes and
strategies will be most effective for a particular dial-
ysis unit. Once implemented, monitoring for compli-
ance with strategies, factors that are preventing
compliance and the efficacy of the ASP are essen-
tial. It is important to identify individuals within
each dialysis unit that will lead the ASP and ensure
that they have administrative, leadership and finan-
cial support (Table 3). Although difficult to employ
an infectious disease physician or pharmacist to be
involved with the ASP, centers should consider
obtaining some input from these individuals who



TABLE 3. Key approaches for an effective antimicrobial steward-
ship program (ASP) in dialysis settings

Identify individuals who will lead the ASP (“champions”)

Obtain leadership support

Tailor interventions to dialysis center-specific areas of
inappropriate antimicrobial prescribing through:

- reviewing and understanding prescribing patterns

- reviewing and understanding culturing practices

- understanding when antimicrobials are being prescribed
inappropriately (e.g., type, duration, lack of de-escalation,
surgical prophylaxis)

Develop strategies to address specific areas of inappropriate
prescribing patterns

have relevant expertise. Ultimately the implementa-
tion of an effective ASP will not only improve
patient outcomes but will also reduce costs. The
Centers for Disease Control and Prevention Get
Smart for Healthcare provides further information,
tools (e.g. templates for antimicrobial approval
forms, ASP proposal form) and other resources for
implementing an ASP (36).

Current guidelines for developing and implement-
ing an ASP reflect data generated from the hospital
setting (22). Although LTCF have begun to address
this issue, dialysis centers also need to define, in
more detail, the strategies that would be most effec-
tive in their unique healthcare setting. It is possible
that nephrologists and infectious disease specialists
could collaborate on a national level to begin to
address key issues. For example, should ASP in
dialysis centers monitor antimicrobial starts or all
antimicrobial doses? Monitoring only the former
would miss a substantial proportion of doses
administered inappropriately (6). However, it
remains to be determined if monitoring all doses is
logistically feasible and, which approach is most
cost-effective.

Another important area requiring further research
is to characterize the subpopulation of CHD
patients at highest risk of receiving antimicrobials
inappropriately. These findings would provide
important knowledge for improving the efficacy of
ASP.

Lastly, antimicrobial improvement strategies in
dialysis centers have predominantly focused on
vancomycin since it is both the most commonly
prescribed antimicrobial and the most common
inappropriately prescribed antimicrobial. However,
over the last decades, the armamentarium of differ-
ent antimicrobials to treat infections has increased
and many more antimicrobials are available than
the standard combination of “vancomycin and gen-
tamicin”. It is therefore imperative that dialysis cen-
ters also begin to focus their attention on other
types of antimicrobials and identify which types,
other than vancomycin, are being prescribed
inappropriately. As mentioned above, one study
identified third-generation or fourth-generation
cephalosporins as the second most common antimi-
crobial classes prescribed inappropriately after
vancomycin (8). Given the rise in multidrug-
resistant gram-negative bacteria in the dialysis
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population, it is more than likely that these antimi-
crobial classes will be used in greater frequency
over the ensuing years (1).
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