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Background: Patients presenting with suspected infections
are typically placed on empiric broad-spectrum antibiotics.
With mounting evidence supporting the efficacy of using the
narrowest spectrum of antimicrobial therapy to cover the sus-
pected pathogen, current guidelines recommend decreasing
the breadth of coverage in response to culture results both in
relation to microbe identification and antibiotic sensitivity.

Methods: A retrospective chart review of electronic health
records at the Minneapolis Veterans Affairs Medical Center
(VAMC) in Minnesota was performed for 208 positive blood
cultures with antibiotic spectrum analysis from July 1, 2015 to
June 30, 2016. The time of reporting for pathogen identifica-
tion and subsequent pathogen susceptibilities were compared
to the time at which any alterations to antibiotic coverage were
made. The breadth of antibiotic coverage was recorded using a
nonlinear spectrum score. The use of this score allowed for the
reliable classification of antibiotic adjustments as either dees-
calation, escalation, or no change.

Results: The percentage of cases deescalated was higher in
response to physician (house staff or attending physician) no-
tification of pathogen susceptibility information when com-
pared with a response to pathogen identification alone (33.2%
vs 22.6%). Empiric antibiotics were not altered within 24 hours
in response to pathogen identification in 70.7% of cases and
were not altered within 24 hours in response to pathogen sen-

sitivity determination in 58.6% of cases. However, when con-
sidering the time frame from when empiric antibiotics were
started to 24 hours after notification of susceptibility informa-
tion, 49.5% of cases were deescalated and 41.5% of cases
had no net change in the antibiotic spectrum score. The mag-
nitude of deescalations were notably larger than escalations.
The mean (SD) time to deescalation of antibiotic coverage
was shorter (P =.049) in response to pathogen identification at
8 (7.4) hours compared with sensitivity information at 10.4 (7)
hours, but may not be clinically relevant.

Conclusion: Health care providers at the Minneapolis VAMC
appear to be using positive blood culture results in a timely
fashion consistent with best practices. Because empirically
initiated antibiotics typically are broad in spectrum, the mag-
nitude of deescalations were notably larger than escalations.
Adherence to these standards may be a reflection of the in-
fectious disease staff oversight of antibiotic administration.
Furthermore, the systems outlined in this quality improvement
study may be replicated at other VAMCs across the country
by either in-house infectious disease staff or through remote
monitoring of the electronic health record by other infectious
disease experts at a more centralized VAMC. Widespread
adoption throughout the Veterans Health Administration may
result in improved antibiotic resistance profiles and better
clinical outcomes for our nation’s veterans.
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he US Department of Veterans Affairs

(VA) is the largest health care organi-

zation in the US, staffing more than
1,200 facilities and servicing about 9 mil-
lion veterans.! Identifying VA practices that
promote effective health care delivery has
the potential to impact thousands of pa-
tients every day. The Surgical service at the
Minneapolis VA Medical Center (MVAMC)
in Minnesota often questioned colleagues
whether many of the ordered tests, in-
cluding blood cultures for patients with
suspected infections, were clinically nec-
essary. Despite recommendations for uti-
lizing culture-driven results in choosing
appropriate antimicrobials, it was debated
whether these additional tests were sim-
ply drawn and ignored resulting only in in-
creased costs and venipuncture discomfort
for the patient. Thus, the purpose of this
quality improvement study was to deter-
mine whether positive blood culture results
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actually influence clinical management at
MVAMC.

BACKGROUND

Accepted best practice when responding to
positive blood culture results entails em-
piric treatment with broad-spectrum an-
tibiotics that subsequently narrows in
breadth of coverage once the pathogen has
been identified.** This strategy has been la-
beled deescalation. Despite the acceptance
of these standards, surveys of clinician at-
titudes towards antibiotics showed that
90% of physicians and residents stated they
wanted more education on antimicrobials
and 80% desired better schooling on anti-
biotic choices.>® Additionally, in an online
survey 18% of 402 inpatient and emergency
department providers, including residents,
fellows, intensive care unit (ICU) and emer-
gency department attending physicians,
hospitalists, physician assistants, and nurse
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practitioners, described a lack of confidence
when deescalating antibiotic therapy and
45% reported that they had received train-
ing on antimicrobial prescribing that was
not fully adequate.”

These surveys hint at a potential gap in
provider education or confidence, which may
serve as a barrier to ideal care, further con-
founding other individualized considerations
taken into account when deescalating care.
These considerations include patient renal
toxicity profiles, the potential for missed
pathogens not identified in culture results,
unknown sources of infection, and the mind-
set of many providers to remain on broad
therapy if the patient’s condition is improv-
ing.%1 A specific barrier to deescalation
within the VA is the variance in antimicrobial
stewardship practices between facilities. In
a recent widespread survey of VA practices,
Chou and colleagues identified that only 29
of 130 (22.3%) responding facilities had a
formal policy to establish an antimicrobial
stewardship program.!

Overcoming these barriers to deescalation
through effective stewardship practices can
help to promote improved clinical outcomes.
Most studies have demonstrated that out-
comes of deescalation strategies have equiv-
alent or improved mortality and equivalent
or even decreased length of ICU stay.!?¢
Although a 2014 study by Leone and col-
leagues reported longer overall ICU stay in
deescalation treatment groups with equiva-
lent mortality outcomes, newer data do not
support these findings.'2*

Furthermore, antibiotics can be ex-
pensive. Deescalation, particularly in re-
sponse to positive blood culture results,
has been associated with reduced antibi-
otic cost due to both a decrease in overall
antibiotic usage and the utilization of less
expensive choices.?>?*2027 The findings of
these individual studies were corroborated
in 2013 by a meta-analysis, including 89
additional studies.”® Besides the direct costs
of the drugs, the development of regional
antibiotic resistance has been labeled as
one of the most pressing concerns in pub-
lic health, and major initiatives have been
undertaken to stem its spread.*>*® The ma-
jority of clinicians believe that deescalation
of antibiotics would reduce antibiotic re-
sistance. Thus, deescalation is widely cited
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as one of the primary goals in the manage-
ment of resistance development.>2*262831.32
Due to the proposed benefits and chal-
lenges of implementation, MVAMC insti-
tuted a program where the electronic health
records (EHR) for all patients with positive
blood culture results were reviewed by the
on-call infectious disease attending phy-
sician to advise the primary care team on
antibiotic administration. The MVAMC sys-
tem for notification of positive blood cul-
ture results has 2 components. The first is
phone notification to the on-call resident
when the positive result of the pathogen
identification is noted by the microbiology
laboratory staff. Notably, this protocol of
phone notification is only performed when
identifying the pathogen and not for the
subsequent sensitivity profile. The second
component occurs each morning when the
on-call infectious disease attending phy-
sician reviews all positive blood culture
results and the current therapy. If the infec-
tious disease attending physician feels some
alterations in management are warranted,
the physician calls the primary service. Ad-
ditionally, the primary service may always
request a formal consult with the infectious
disease team. This quality improvement
study was initiated to examine the success
of this deescalation/stewardship program to
determine whether positive blood culture
results influenced clinical management.

METHODS

From July 1, 2015 to June 30, 2016, 212
positive blood cultures at the MVAMC were
analyzed. Four cases that did not have an
antibiotic spectrum score were excluded,
leaving 208 cases reviewed. Duplicate blood
cultures were excluded from analysis. The
microbiology laboratory used the BD Bactec
automated blood culture system using the
Plus aerobic and Lytic anaerobic media (Bec-
ton, Dickinson and Company).

Antibiotic alterations in response to cul-
ture results were classified as either de-
escalation or escalation, using a spectrum
score developed by Madaras-Kelly and col-
leagues.* These investigators performed a
3-round modified Delphi survey of infec-
tious disease staff of physicians and pharma-
cists. The resulting consensus spectrum score
for each respective antibiotic reflected the
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TABLE 1 Classification of Culture Results (N = 208)

Within 24 h of Pathogen Within 24 h of Antibiotic

Groups Identification, No (%) Sensitivities, No. (%)
Deescalated 47 (22.6) 69 (33.2)
Escalated 14 (6.7) 17 (8.2)

No antibiotic alteration 147 (70.7) 122 (58.6)

Total 208 (100) 208 (100)

relative susceptibilities of various pathogens
to antibiotics and the intrinsic resistance of
the pathogens. It is a nonlinear scale from
0 to 60 with a score of 0 indicating no anti-
bacterial activity and a score of 60 indicating
complete coverage of all critically identified
pathogens. For example, a narrow-spectrum
antibiotic such as metronidazole received a
spectrum score of 4.0 and a broad-spectrum
antibiotic such as piperacillin/tazobactam re-
ceived a 42.3 score.

Any decrease in the spectrum score
when antibiotics were changed was de-
scribed as deescalation and an increase
was labeled escalation. In cases where
multiple antibiotics were used during em-
piric therapy, the cessation of > 1 antibi-
otics was classified as a deescalation while
the addition of > 1 antibiotics was classi-
fied as an escalation.

Madaras-Kelly and colleagues calculated
changes in spectrum score and compared
them with Delphi participants’ judgments on
deescalation with 20 antibiotic regimen vi-
gnettes and with non-Delphi steward judg-
ments on deescalation of 300 pneumonia
regimen vignettes. Antibiotic spectrum scores
were assigned a value for the width of empiric
treatment that was compared with the anti-
biotic spectrum score value derived through
antibiotic changes made based on culture re-
sults. In the Madaras-Kelly cases, the change
in breadth of antibiotic coverage was in agree-
ment with expert classification in 96% of these
VA patient cases using VA infectious disease
specialists. This margin was noted as being su-
perior to the inter-rater variability between the
individual infectious disease specialists.

Data Recording and Analysis
Charts for review were flagged based on
positive blood culture results from the mi-
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crobiology laboratory. EHRs were manu-
ally reviewed to determine when antibiotics
were started/stopped and when a member
of the primary care team, usually a resi-
dent, was notified of culture results as doc-
umented by the microbiology laboratory
personnel. Any alteration in antibiotics that
fit the criteria of deescalation or escalation
that occurred within 24 hours of notifica-
tion of either critical laboratory value was
recorded. The identity of infectious patho-
gens and the primary site of infection were
not recorded as these data were not within
the scope of the purpose of this study. We
did not control for possible contaminants
within positive blood cultures.

There were 3 time frames considered
when determining culture driven altera-
tions to the antibiotic regimen. The first
2 were changes within the 24 hours after
notification of either (1) pathogen identi-
fication or (2) pathogen sensitivity. These
were defined as culture-driven altera-
tions in response to those particular lab-
oratory findings. The third—whole case
time frame—spanned from pathogen iden-
tification to 24 hours after sensitivity in-
formation was recorded. In cases where
> 1 antibiotic alteration was noted within
a respective time frame, a classification
of deescalation or escalation was still as-
signed. This was done by summing each
change in spectrum score that occurred
from antibiotic regimen alterations within
the time frame, and classifying the net ef-
fect on the spectrum of coverage as either
deescalation or escalation. Data were re-
corded in spreadsheet. RStudio 3.5.3 was
used for statistical analysis.

RESULTS

Of 208 cases assigned a spectrum score,
47 (22.6%) had the breadth of antibiotic
coverage deescalated by the primary care
team within 24 hours of pathogen iden-
tification with a mean (SD) physician re-
sponse time of 8.0 (7.3) hours. Fourteen
cases (6.7%) had the breadth of antibiotic
coverage escalated from pathogen identifi-
cation with a mean (SD) response time of
8.0 (7.4) hours. When taken together, within
24 hours of pathogen identification from pos-
itive blood cultures 61 cases (29.3%) had
altered antibiotics, leaving 70.7% of cases un-
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altered (Tables 1 and 2). In this nonquanti-
tative spectrum score method, deescalations
typically involved larger changes in spectrum
score than escalations.

Physician notification of pathogen sensi-
tivities resulted in deescalation in 69 cases
(33.2%) within 24 hours, with a mean (SD)
response time of 10.4 (7) hours. The mean
time to deescalation in response to pathogen
identification was significantly shorter than
the mean time to deescalation in response to
sensitivities (P = .049). Broadening of cover-
age based on sensitivity information was re-
ported for 17 cases (8.2%) within 24 hours,
with a mean (SD) response time of 7.6 (6)
hours (Table 3). In response to pathogen
sensitivity results from positive blood cul-
tures, 58.6% of cases had no antibiotic alter-
ations. Deescalations involved notably larger
changes in spectrum score than escalations.

More than half (58.6%) of cases resulted
in an antibiotic alteration from empiric treat-
ment when considering the time frame from
empiric antibiotics to 24 hours after receiving
sensitivity information. These were deemed
the whole-case, culture-driven results. In ad-
dition to antibiotic alterations that occurred
within 24 hours of either pathogen identifi-
cation or sensitivity information, the whole-
case category also considered antibiotic
alterations that occurred more than 24 hours
after pathogen identification was known and
before sensitivity information was available,
although this was rare. Some of these patients
may have had their antibiotics altered twice,
first after pathogen identification and later
once sensitivities became available with the
net effect recorded as the whole-case admin-
istration. Of those that had their antibiotics
modified in response to laboratory results, by
a ratio of 6.4:1, the change was a deescalation
rather than an escalation.

DISCUSSION

The strategy of the infectious disease team
at MVAMC is one of deescalation. One
challenge of quantifying deescalation was to
make a reliable and agreed-upon definition
of just what deescalation entails. In 2003,
the pharmaceutical company Merck was
granted a trademark for the phrase “De-
Escalation Therapy” under the interna-
tional class code 41 for educational and
entertainment services. This seemed to cor-
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TABLE 2 Antibiotic Change Cases as a Result

of Positive Blood Culture Results

Cases Spanning Start of Empiric Antibiotics to

Groups 24 h After Antibiotic Sensitivities, No. (%)
Deescalated 103 (49.5)

Escalated 19 (9.1)

No change 86 (41.4)

Total 208 (100)

respond to marketing efforts for the anti-
biotic imipenem/cilastatin. Although the
company trademarked the term, it was
never defined. The usage of the phrase
evolved from a reduction of the dosage of
a specific antibiotic to a reduction in the
number of antibiotics prescribed to that
of monotherapy. The phrase continues to
evolve and has now become associated
with a change from combination therapy or
broad-spectrum antibiotics to monotherapy,
switching to an antibiotic that covers fewer
pathogens, or even shortening the duration
of antibiotic therapy.?* The trademark ex-
pired at about the same time the imipenem/
cilastatin patent expired. Notably, this drug
had initially been marketed for use in em-
piric antibiotic therapy.®

Barriers
The goal of the stewardship program was not
to see a narrowing of the antibiotic spectrum
in all patients. Some diseases such as diver-
ticulitis or diabetic foot infections are usually
associated with multiple pathogens where
relatively broad-spectrum antibiotics seem to
be preferred.’**” Heenen and colleagues re-
ported that infectious disease specialists rec-
ommended deescalation in < 50% of cases
they examined.?®

Comparing different institutions” deesca-
lation rates can be confusing due to varying
definitions, differing patient populations,
and health care provider behavior. Thus,
the published rates of deescalation range
widely from 10 to 70%.%*** In addition to
the varied definitions of deescalation, it is
challenging to directly compare the rate of
deescalation between studies due to insti-
tutional variation in empirical broad-spec-
trum antibiotic usage. A hospital that uses
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TABLE 3 Response Time of Antibiotic Changes in Response to Notification of

Pathogen Identification and Sensitivity

Response Time for Antibiotic Alteration After Response Time for Antibiotic Alteration After

Notification of Pathogen Identification,

Notification of Pathogen Sensitivity,

Cases mean (SD), h mean (SD), h
Deescalated 8.0 (7.3) 10.4 (7)
Escalated 8.0 (7.4) 7.6 (6)

broad-spectrum antibiotics at a higher rate
than another has the potential to deesca-
late more often than one that has low rates
of empirical broad-spectrum antibiotic
use. Some studies use a conservative defi-
nition of deescalation such as narrowing
the spectrum of coverage, while others use
a more general definition, including both
the narrowing of spectrum and/or the dis-
continuation of antibiotics from empirical
therapy.**> The more specific and validated
definition of deescalation used in this study
may allow for standardized comparisons.
Another unique feature of this study is that
all positive blood cultures were followed,
not only those of a particular disease.

One issue that comes up in all research
performed within the VA is how applicable
these results are to the general public. Nev-
ertheless, the stewardship program as it is
structured at the MVAMC could be applied
to other non-VA institutions. We recognize,
however, that some smaller hospitals may not
have infectious diseases specialists on staff.
Despite limited in-house staff, the same daily
monitoring can be performed off-site through
review of the EHR, thus making this a viable
system to more remote VA locations.

While deescalation remains the standard
of care, there are many complexities that
explain low deescalation rates. Individual
considerations that can cause physicians
to continue the empirically initiated broad-
spectrum coverage include differing renal
toxicities, suspecting additional pathogens
beyond those documented in testing re-
sults, and differential Clostridium difficile
risk.***" A major concern is the mind-set
of many prescribers that streamlining to a
different antibiotic or removing antibiot-
ics while the patient is clinically improving
on broad empiric therapy represents an un-
necessary risk.”* These thoughts seem to
stem from the old adage, “If it ain’t broke,
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don't fix it.”

Due to the challenges in defining deesca-
lation, we elected to use a well-accepted and
validated methodology of Madaras-Kelly.>
We recognize the limitations of the method-
ology, including somewhat differing opin-
ions as to what may constitute breadth and
narrowing among clinicians and the some-
what arbitrary assignment of numerical val-
ues. This tool was developed to recognize
only relative changes in antibiotic spectrum
and is not quantitative. A spectrum score of
piperacillin/tazobactam of 42.3 could not be
construed as 3 times as broad as that of van-
comycin at 13. Thus, we did not perform sta-
tistical analysis of the magnitude of changes
because such analysis would be inconsis-
tent with the intended purpose of the spec-
trum score method. Additionally, while this
method demonstrated reliable classification
of appropriate deescalation and escalation in
previous studies, a case-by-case review deter-
mining appropriateness of antibiotic changes
was not performed.

Clinical Response
This quality improvement study was initiated
to determine whether positive blood culture
results actually affect clinical management at
MVAMC. The answer seems to be yes, with
blood culture results altering antibiotic ad-
ministration in about 60% of cases with the
predominant change being deescalation.
This overall rate of deescalation is toward the
higher end of previously documented rates
and coincides with the upper bound of the
clinically advised deescalation rate described
by Heenen and colleagues.®®

As noted, the spectrum score is not quan-
titative. Still, one may be able to contend that
the values may provide some insight into the
magnitude of the changes in antibiotic selec-
tion. Deescalations were on average much
larger changes in spectrum than escalations.
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The larger magnitude of deescalations reflects
that when already starting with a very broad
spectrum of coverage, it is much easier to get
narrower than even broader. Stated another
way, when starting therapy using piperacillin/
tazobactam at a spectrum score of 42.3 on a
60-point scale, there is much more room for
deescalation to 0 than escalation to 60. Ad-
ditionally, escalations were more likely with
much smaller of a spectrum change due to
accurate empirical judgment of the suspected
pathogens with new findings only necessi-
tating a minor expansion of the spectrum of
coverage.

Another finding within this investigation
was the statistically significantly shorter
response mean (SD) time when deesca-
lating in response to pathogen identifica-
tion (8 [7.3] h) than to sensitivity profile
(10.4 [7] h). Overall when deescalat-
ing, the time of each individual response
to antibiotic changes was highly irregular.
There was no noticeable time point where
a change was more likely to occur within
the 24 hours after notification of a cul-
ture result. This erratic distribution further
exemplifies the complexity of deescalation
as it underscores the unique nature of each
case. The timing of the dosage of previous
antibiotics, the health status of the patient,
and the individual physician attitudes about
the progression and severity of the infection
all likely played into this distribution.

Due to the lack of a regular or even
skewed distribution, a Wilcoxon non-
parametric rank sum test was performed
(P = .049). Although this result was statis-
tically significant, the 2.5-hour time dif-
ference is likely clinically irrelevant as
both times represent fairly prompt phy-
sician responsiveness.’® Nonetheless, it
suggests that it was more important to rap-
idly escalate the breadth of coverage for a
patient with a positive blood culture than to
deescalate as identified pathogens may have
been left untreated with the prescribed an-
tibiotic.

Future Study

Similar studies designed using the spectrum
score methodology would allow for more
meaningful interinstitutional comparison of
antibiotic administration through the use of
a unified definition of deescalation and esca-
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lation. Comparison of deescalation and es-
calation rates between hospital systems with
similar patient populations with and with-
out prompt infectious disease review and
phone notification of blood culture results
could further verify the value of such a pro-
tocol. It could also help determine which
empiric antibiotics may be most effective
in individual patient morbidity and mortal-
ity outcomes, length of stay, costs, and the
development of antibiotic resistance. Chou
and colleagues found that only 49 of 130
responding VA facilities had antimicrobial
stewardship teams in place with even fewer
(29) having a formal policy to establish an
antimicrobial stewardship program.™ This
significant variation in the practices of VA
facilities across the nation underscores the
benefit to be gained from implementation
of value-added protocols such as daily infec-
tious disease case monitoring and microbiol-
ogy laboratory phone notification of positive
blood culture results as it occurs at MVAMC.

They also noted that systems of patient-
level antibiotic review, and the presence
of at least one full-time infectious disease
physician were both associated with a sta-
tistically significant decrease in the use of
antimicrobials, corroborating the results of
this analysis.!! Adapting the current sys-
tem of infectious disease specialist review of
positive blood culture results to use remote
monitoring through the EHR could help
to defer some of the cost of needing an in-
house specialist while retaining the benefit
of the oversite.

Another option for study would be a be-
fore and after design to determine whether
the program of infectious disease specialist
review led to increased use of deescalation
strategies similar to studies investigating
the efficacy of antimicrobial subcommittee
implementation.'320-2.2420

CONCLUSIONS

This analysis of empiric antibiotic use at the
MVAMC indicates promising rates of deesca-
lation. The results indicate that the medical
service may be right and that positive blood
culture results appear to affect clinical de-
cision making in an appropriate and timely
fashion. The VA is the largest health care or-
ganization in the US. Thus, identifying and
propagating effective stewardship practices
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on a widespread basis can have a significant
effect on the public health of the nation.

These data suggest that the program im-
plemented at the MVAMC of phone notifi-
cation to the primary care team along with
daily infectious disease staff monitoring of
blood culture information should be widely
adopted at sister institutions using either in-
house or remote specialist review.
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