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Objectives: The objective of this study was to measure quantitatively antimicrobial de-escalation utilizing elec-
tronic medication administration data based on the spectrum of activity for antimicrobial therapy (i.e. spectrum
score) to identify variables associated with de-escalation in a nationwide healthcare system.

Methods: A retrospective cohort study of patients hospitalized for healthcare-associated pneumonia was con-
ducted in Veterans Affairs Medical Centers (n¼119). Patients hospitalized for healthcare-associated pneumonia
on acute-care wards between 5 and 14 days who received antimicrobials for ≥3 days during calendar years
2008–11 were evaluated. The spectrum score method was applied at the patient level to measure de-escalation
on day 4 of hospitalization. De-escalation was expressed in aggregate and facility-level proportions. Logistic
regression was used to assess variables associated with de-escalation. ORs with 95% CIs were reported.

Results: Among 9319 patients, the de-escalation proportion was 28.3% (95% CI 27.4–29.2), which varied 6-fold
across facilities [median (IQR) facility-level de-escalation proportion 29.1% (95% CI 21.7–35.6)]. Variables
associated with de-escalation included initial broad-spectrum therapy (OR 1.5, 95% CI 1.4–1.5 for each 10%
increase in spectrum), collection of respiratory tract cultures (OR 1.1, 95% CI 1.0–1.2) and care in higher
complexity facilities (OR 1.3, 95% CI 1.1–1.6). Respiratory tract cultures were collected from 35.3% (95% CI
32.7–37.7) of patients.

Conclusions: De-escalation of antimicrobial therapy was limited and varied substantially across facilities.
De-escalation was associated with respiratory tract culture collection and treatment in a high complexity-
level facility.

Introduction

Effective antimicrobial stewardship requires the ability to measure
antimicrobial use and promote the selection of optimal anti-
microbial regimen, dose, duration and route of administration.1

Guidelines recommend that empirical antimicrobial regimens
be de-escalated when diagnostic results are available and the
patient’s condition stabilizes.2 – 6 Engaging clinicians to de-
escalate broad-spectrum therapy is a key function of stewardship
programmes.

De-escalation generally refers to discontinuation of antimicro-
bials providing a spectrum of activity greater than necessary to
treat infection, discontinuation of unnecessary antimicrobials or
switching to a narrower spectrum antimicrobial once a patient
stabilizes.4 In practice and research, de-escalation events are

recognized based upon an intuitive sense of narrow- versus broad-
spectrum therapy and what constitutes de-escalation.7 The time-
intensive manual chart review required with this approach has
resulted in few multicentred studies of de-escalation practice.8–12

Data characterizing inter-facility variability in de-escalation rates or
factors associated with improved de-escalation practices are limited.

We developed a method to measure de-escalation based upon
the difference between antimicrobial spectra of regimens admi-
nistered on day 2 and day 4 of hospitalization (i.e. spectrum
score method).13 This can be applied to measure de-escalation
from antimicrobial administration data without manual chart
review. It demonstrated high accuracy in predicting de-escalation
events as determined by antimicrobial steward review of anti-
microbial regimens administered in healthcare-associated pneu-
monia (HCAP).13,14
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The purpose of this study was to examine the variation in facility-
level de-escalation for a system-wide cohort of patients hospitalized
with HCAP, in which broad-spectrum empirical antimicrobial therapy
and de-escalation are recommended.2 Another objective included
determining if collection of bacterial cultures upon admission
was associated with enhanced de-escalation practice.

Patients and methods

Setting and patients
Electronic medical records data obtained through the Veterans
Informatics and Computing Infrastructure were used to develop the
cohort. Admissions to acute-care wards with complete antimicrobial
administration data were included if they were admitted to Veteran’s
Administration (VA) facilities with at least 10 acute-care beds and 15
HCAP admissions during calendar years 2008–11. Only the first inpatient
pneumonia diagnosis for each patient in the study period was included.
An inpatient diagnosis of pneumonia was defined by International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9 CM)
discharge codes: (i) a primary diagnosis of 480–483 or 485–487.0 (pneu-
monia), or (ii) a secondary diagnosis of pneumonia coupled with a primary
diagnosis of 507.0 (pneumonitis due to inhalation, or aspiration pneumon-
itis), 518.8 (respiratory failure) or 0.38 (septicaemia).15 In a prior study, we
determined that this algorithm had a sensitivity of �90% to identify HCAP
cases.16 Additional inclusion criteria required administration of antimicro-
bials within 24 h of admission, continued therapy for≥3 days and duration
of hospitalization between 5 and 14 days. Patients who died before day 5
were excluded. HCAP criteria included: (i) hospitalization within a VA or
other facility for at least 2 days during the preceding 90 days; (ii) direct
admission from a skilled nursing facility; (iii) chronic haemodialysis [as
defined by documentation of inpatient or outpatient ICD-9 CM codes
(v45.1, v56, v56.1, v56.2, v56.8, v458.21 and 39.95) or current procedural
terminology (CPT) codes (90918–90925, G0308-G0319, 36830–36833,
S993g, 36145, 36800, 36815 and 36825)] within the preceding 30 days;
(iv) home or clinic infusion therapy within the preceding 30 days, and chronic
wound care (CPT codes 97597, 97598, q4104, q4107, q4108, 14110,
q4111, q4112, q4113, q4114, q4115, q4116, q4117, q4118, q4119,
q4120, q4121, 96401–96425, 96440, 96445, 96450, 93521, 96522,
96523, 96542, 96549 and c8957; or (v) visits to wound, foot, peripherally
inserted central catheter or infusion clinics within the preceding 30 days.2

Measurements
Patient-level data included demographics, admitting ward, antimicrobials
administered and administration route, microbial culture source and
results for cultures obtained ≤1 day prior to or within ≤2 days of hospital-
ization (hereafter termed ‘admission cultures’). Facility-level data included
a measure of complexity, which was based upon patient population,
clinical services offered, educational and research missions, and adminis-
trative complexity.17 Facility-level responses to survey questions regarding
the existence of antimicrobial de-escalation or intravenous to oral con-
version policies were obtained from a survey conducted by the VA
Antimicrobial Stewardship Task Force (ASTF) that inventoried antimicrobial
stewardship activities across all inpatient facilities in 2012.

Description of the spectrum score method and validation exercises has
been previously reported.13,14 The method involves assignment of a numer-
ical score to antimicrobial regimens administered during hospitalization
based upon the regimen’s degree of microbial activity. High scores indicate
broad-spectrum therapy relative to lower scores. Regimen scores for hos-
pital calendar day 4 are subtracted from baseline (calendar day 2) regimen
scores to calculate a change in spectrum score. We previously reported that
antimicrobial stewards were more likely to classify antimicrobial regimens
as representing de-escalation events if oral antimicrobials were included

in regimens, even for regimens providing similar microbial coverage.14

Therefore, additional credits, worth up to 10% of the possible spectrum
score scale, are added to the change in spectrum score based upon the per-
centage of antimicrobials administered by the oral route by hospital day 4.
A positive change in spectrum score signifies de-escalation (day 4 minus
day 2 spectrum score .0), whereas a negative change indicates escalation.

The proportion of admissions with antimicrobial therapy de-escalated
was expressed as the proportion of discharges where de-escalation
occurred before day 5 of hospitalization. The proportions of patients
with escalation and unchanged therapy were calculated similarly, and
results were expressed overall and as facility-level proportions with 95%
CI [OR (95% CI)]. Summary measures for patient-level cohort characteris-
tics and de-escalation proportions were stratified by baseline therapy regi-
mens and positive admission culture status. The distribution of percentage
change in spectrum score, numbers of concurrent antimicrobials adminis-
tered and percentage of patients receiving oral antimicrobials by day 4
were reported similarly.

Statistical analyses
A mixed-effects logistic regression model was used to test for associations
between the probability of antimicrobial de-escalation and covariates. The
model included these patient-level covariates as fixed effects: age, sex,
hospitalization day 2 spectrum score, year of admission, prior healthcare
exposures, whether admission blood and respiratory tract cultures were
obtained, admitting ward (ICU or general medical/surgical wards).
Facility complexity [(complexity level 1 (most complex) versus levels 2
and 3 (less complex)] was modelled as a random effect.17 Reported ORs
were adjusted for other covariates included in the model. To evaluate the
potential for confounding, associations between covariates were esti-
mated. The model of de-escalation was re-estimated without potential
confounders to observe changes in ORs and significance. The cohort was
restricted to the final year of data (2011) to estimate ORs for de-escalation
associated with existence of facility antimicrobial de-escalation and intra-
venous to oral policies as reported in the 2012 VA ASTF survey.

Analyses were conducted with the statistical software R (version 3.1.2).
Mixed effect logistic regression models were estimated with the function
glmer in the R package lme4 version 1.1–7.

This research complies with all federal guidelines and VA policies rela-
tive to Human Subjects and Research.

Results
The cohort consisted of 9319 admissions to 119 VA facilities
(Figure 1). The median (IQR) number of admissions per facility
was 64 (44–96) (Table 1). Patients were primarily elderly and
male, and more than 80% had been recently hospitalized. Most
patients were treated in non-ICU settings. Cultures were obtained
on admission from the blood and respiratory tract in 82.1% (95%
CI 81.2–82.9) and 35.3% (95% CI 33.7–37.0) of patients, respect-
ively. Respiratory tract culturing varied between facilities with
a median (IQR) of 35.2% (25.7%–46.3%). Less than 20% of
patients had an organism reported from admission cultures.
Overall, 6.7% of patients in the cohort had MRSA and 5.8% had
Pseudomonas aeruginosa identified from admission cultures.

There were 551 distinct antimicrobials or combination anti-
microbial regimens administered to the cohort at baseline; how-
ever, 20 regimens accounted for more than 70% of therapies
administered (Table 2). The median (IQR) baseline spectrum score
was 44.50 (38.50–49.75) on a 60-point scale. Approximately
66.2% (95% CI 65.3–67.2) of patients received an anti-
pseudomonal b-lactam and 57.3% (95% CI 56.3–58.3) of patients
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received MRSA coverage. The combination of at least one anti-
pseudomonal and one anti-MRSA antimicrobial (guideline similar
therapy) was administered in 52.6% (95% CI 51.6–53.7) of
patients.16 Patients who received guideline similar therapy had
higher median baseline spectrum scores than patients receiving
alternative therapies (45.25 versus 37.25; P,0.001).

Overall, 28.3% (95% CI 27.4 –29.2) of patients underwent
de-escalation of therapy by hospital day 4 (Table 3). The
de-escalation proportion based solely upon a decrease in spec-
trum score without assignment of oral credits was 25.8% (95%
CI 24.9–26.7). The average reduction in spectrum based on the
spectrum score was 24.2% (95% CI 22.5–25.8) among patients
who had therapy de-escalated. Consistent with the concept of
simplifying therapy, the mean (SD) number of antimicrobials
administered on day 4 [(�x¼1.9 (1.0)] decreased from baseline
[(�x¼2.5 (0.9)] significantly (P,0.001). De-escalation proportions
generally paralleled baseline spectrum scores with the highest
de-escalation rates occurring in the upper quartile of baseline
spectrum scores. De-escalation proportions for the 20 most com-
monly prescribed antimicrobial regimens were generally higher
for regimens with high baseline spectrum scores. There were
232 distinct regimens administered to patients who had therapy
de-escalated. The following seven regimens accounted for 50% of
the de-escalations: fluoroquinolones (19.6%), third-generation
cephalosporins with or without a macrolide (7.8%), piperacillin/
tazobactam (7.2%), piperacillin/tazobactam/vancomycin (6.1%),
no antibiotic (4.3%), anti-pseudomonal cephalosporin (3.0%) or
an amino-penicillin b-lactamase inhibitor combination (3.0%).
The de-escalation proportion for patients who had positive admis-
sion cultures was 35.6% (95% CI 34.6–36.5) versus 26.8% (95%

CI 25.9 –27.7) for patients who did not (P,0.001). Limiting
culture-positive cases to patients initiated on anti-MRSA therapy
who had an admission respiratory tract culture obtained but with-
out MRSA identified, indicated that 21.8% (95% CI 19.9–23.7) had
anti-MRSA therapy discontinued by day 4. A similar finding was
identified for patients initiated anti-pseudomonal b-lactam ther-
apy who did not have P. aeruginosa isolated [anti-pseudomonal
b-lactam discontinued in 15.0% (95% CI 13.4–16.6)]. Unadjusted
facility-level de-escalation rates exhibited more than a 6-fold
difference with a median of 29.1% (IQR 21.7–35.6).

Logistic regression analysis indicated de-escalation of anti-
microbial therapy was associated with: age (OR 1.1, 95% CI
1.0–1.1; P¼0.006, for each additional 10 years of age), female
sex (OR 1.4, 95% CI 1.0–1.9; P¼0.041), baseline broad-spectrum
therapy (OR 1.5, 95% CI 1.4– 1.5; P,0.001, for each 6 point
increase in spectrum score, i.e. 10% of the 60 point range of pos-
sible spectrum scores), respiratory tract culture obtained (OR 1.1,
95% CI 1.0–1.2; P¼0.044) and care in a higher complexity facility
(OR 1.3, 95% CI 1.1– 1.6; P¼0.003). Patients admitted from
a skilled nursing facility were less likely to have therapy de-
escalated (OR 0.8, 95% CI 0.7–0.9; P¼0.006). Notable variables
that were not associated with de-escalation included ICU admis-
sion (OR 1.1, 95% CI 0.9–1.2; P¼0.45), obtaining blood cultures
(OR 1.0, 95% CI 0.9– 1.2; P¼0.82) and year of study (OR 1.1,
95% CI 1.0–1.1; P¼0.30). There was potential for confounding
as patients admitted to facilities that are more complex and
patients with a culture obtained from the respiratory tract tended
to be younger and to receive initial broad-spectrum therapy more
frequently. Re-estimated without age or day 2 spectrum score in
the model, the associations between de-escalation of antimicro-
bial therapy and care in a more complex facility relative to a less

Inpatient admissions for
pneumonia during study

period 2007–11 (n = 91 663)

Excluded for not meeting HCAP
criteria and not initiating or

continuing antimicrobials within
target timeframe (n = 60 620)

Included admissions meeting
HCAP and antibiotic

treatment (n = 31 043)

Included patients meeting
HCAP and antibiotic definitions

hospitalized for 5–14 days
(n = 10 357)

Excluded based on duration of
hospitalization (n = 20 686)

Final HCAP cohort admitted
to 119 facilities (n = 9319)

Excluded due to admission to
facility with <15 admissions or 10
occupied beds, or were admitted
to a facility without an assigned

facility-complexity level (n = 1038)

Figure 1. Study flow diagram for HCAP cohort.

Table 1. Characteristics of the HCAP cohort

Characteristic Value
Facility

median (IQR)

Age (years) [mean (SD)] 72.5 (12.1) 73.0 (70.0–76.0)
Male (%) 97.8 98.1 (96.5–100.0)

Prior healthcare exposure (%)
hospital admission within prior

90 days
84.1 85.9 (78.1–91.2)

skilled nursing facility residence
upon admission

16.7 12.5 (6.3–25.4)

chronic haemodialysis within prior
30 days

0.2 0.0 (0.0–0.0)

intravenous antimicrobials within
prior 30 days

8.1 13.9 (7.3–22.7)

wound care within the prior 30 days 4.4 3.1 (0.0–6.5)

ICU admission (%) 11.6 10.6 (6.4–16.1)
Admission respiratory tract culture

obtained (%)
35.3 35.2 (25.7–46.3)

Admission blood culture(s)
obtained (%)

82.1 83.3 (77.6–86.7)

Culture-positive admission (%) 17.6 20.7 (14.5–27.6)
respiratory tract (%) 14.0 16.1 (9.7–22.9)
bloodstream (%) 5.9 6.9 (4.1–9.5)
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complex facility (OR 1.4, 95% CI 1.2–1.7; P,0.001) and respira-
tory tract culture obtained (OR 1.2, 95% CI 1.1–1.3; P¼0.001)
were similar. Omitting potential confounders from the model,
the OR for baseline broad-spectrum therapy was nearly unchanged
(OR 1.5, 95% CI 1.4–1.5; P,0.001). The mixed-effects model was
used to compare predictive probability of the facility-level
de-escalation proportion for a typical patient from the cohort
(Figure 2). After adjustment for covariates a 2-fold difference in
facility-level de-escalation rates remained.

The 2012 ASTF survey indicated that 15.1% of facilities had a
de-escalation policy and 24.4% of facilities had an intravenous to
oral conversion policy. For the cohort subset admitted in 2011
(n¼2366), a patient’s probability of being de-escalated was posi-
tively associated with admission to a facility with a de-escalation
policy (OR 1.4, 95% CI 1.1–1.8; P¼0.002) and to a facility with an
intravenous to oral policy (OR 1.3. 95% CI 1.1–1.5; P¼0.012).
De-escalation policies were in place in 17.6% and 9.1% of more
and less complex facilities, respectively (OR 2.1, 95% CI 0.6–7.0;

Table 2. Baseline antimicrobial regimens and spectrum scores

Antimicrobial regimen groups Cohort receiving antimicrobial or regimen (%) Baseline spectrum score for regimena

Category A (anti-pseudomonal b-lactams) 66.2 44.50 (44.50–53.00)
Category B (other anti-pseudomonals) 25.7 53.00 (46.75–55.25)
Category C (anti-MRSA antimicrobials) 57.3 44.50 (44.50–53.00)
Guideline similar therapy 52.6 45.25 (44.50–53.25)
Category A+B combinations 18.3 55.25 (52.75–55.25)
Category A+C combinations 50.0 45.00 (44.50–54.00)
Category B+C combinations 17.0 55.25 (53.00–55.25)
Category A+B+C combinations 14.3 55.25 (53.00–55.25)
CAP (non-pseudomonal b-lactams or FQ) 20.1 30.75 (30.75–36.25)
Other antimicrobials 1.7 12.25 (12.25–29.25)

Specific common antimicrobial regimensb

piperacillin/tazobactam, vancomycin 17.4 44.50
third-generation cephalosporin, macrolide 8.9 30.75
piperacillin/tazobactam, vancomycin, pseudomonal FQ 8.3 55.25
non-pseudomonal FQ 6.1 36.25
piperacillin/tazobactam 5.2 42.25
pseudomonal cephalosporin, vancomycin 4.7 39.75
pseudomonal FQ 2.8 39.75
piperacillin/tazobactam., vancomycin, macrolide 2.8 49.75
piperacillin/tazobactam., pseudomonal FQ 2.0 52.75
pseudomonal cephalosporin, vancomycin, pseudomonal FQ 1.8 53.00
pseudomonal carbapenem, vancomycin 1.8 45.25
piperacillin/tazobactam, vancomycin, non-pseudomonal FQ 1.5 55.25
pseudomonal FQ, vancomycin 1.5 45.50
pseudomonal cephalosporin 1.3 33.25
third-generation cephalosporin 1.2 25.50
non-pseudomonal FQ, Vancomycin 1.1 42.00
piperacillin/tazobactam, macrolide 1.0 47.25
vancomycin 1.0 13.00
piperacillin/tazobactam, non-pseudomonal FQ 1.0 54.00
remaining regimens 28.8 43.00 (39.5–50.75)

FQ, fluoroquinolone.
Category A antimicrobials (anti-pseudomonal b-lactams): piperacillin/tazobactam, ticarcillin/clavulanate, cefepime, ceftazidime, imipenem, merope-
nem, aztreonam.
Category B antimicrobials (other anti-pseudomonals): ciprofloxacin, levofloxacin, amikacin, tobramycin, gentamicin, colistin.
Category C antimicrobials (anti-MRSA antimicrobials): vancomycin, linezolid, tigecycline.
CAP antimicrobials: regimens containing ceftriaxone, cefotaxime, ampicillin/sulbactam, ertapenem, moxifloxacin alone or in combination with macro-
lides or doxycycline without additional antimicrobials from categories A to C.
Other antimicrobials: agents not included in categories A, B, C or CAP antimicrobials. Levofloxacin may have been used to treat CAP; however, the agent is
included in category B antimicrobials for treatment of HCAP. Regimens were classified based upon inclusion of any category A, B or C antimicrobial. CAP
regimens were classified based upon the absence of A, B or C antimicrobials in addition to the inclusion of CAP antimicrobials.
aBaseline spectrum scores are expressed as a median (IQR) of regimens. Spectrum score scale ranges from 4 to 60 points.
bPiperacillin/tazobactam; third-generation cephalosporin: ceftriaxone, cefotaxime, cefpodoxime, cefdinir; anti-pseudomonal fluoroquinolone: ciprofloxacin,
levofloxacin; non-pseudomonal fluoroquinolone: moxifloxacin; pseudomonal cephalosporin: cefepime, ceftazidime; anti-pseudomonal carbapenem: merope-
nem, imipenem; remaining regimens: 531 distinct antimicrobial combinations that may have included different and/or additional antimicrobials as those listed.
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P¼0.21). Intravenous to oral conversion policies were in place in
29.7% and 15.9% of more and less complex facilities, respectively
(OR 2.2, 95% CI 0.9–5.8; P¼0.097).

Discussion
This study is the first to evaluate antimicrobial de-escalation
across a nationwide system of healthcare facilities. Antimicrobial
de-escalation was performed in ≤30% of admissions with HCAP.

More than half of patients had no change in therapy after 4 days,
a timeframe that allows for most diagnostic results to have been
reported and for assessment of clinical response to initial therapy.
While not a study focus, the heterogeneity of 550 unique antimicro-
bial regimens prescribed is noteworthy and illustrates the lack of
consensus for the treatment of HCAP.18,19

An important finding is the association between respiratory
tract cultures and de-escalation; only 35% of the patients had
an admission respiratory tract culture obtained. De-escalation

Table 3. De-escalation rates for patients hospitalized with HCAP

Outcome or comparison Result 95% CI

De-escalation rate (%) 28.3 27.4–29.2
No change in therapy (%) 59.7 58.7–60.7
Escalation rate (%) 12.0 11.4–12.7
Mean reduction in spectrum score for de-escalations (%) 24.2 22.5–25.8
De-escalation rate based solely on change in spectrum (%) 25.8 24.9–26.7
De-escalation event rate dependent upon inclusion of PO credits (%) 8.7 7.7–9.9
Antimicrobial count for de-escalations day 2 [mean (SD)] 2.5 (0.9) NA
Antimicrobial count for de-escalations day 4 [mean (SD)] 1.9 (1.0) NA

De-escalation rate by quartile of baseline (day 2) spectrum score (%)
quartile 1 (spectrum score range 4.00–38.50) 17.6 16.0–19.1
quartile 2 (spectrum score range 38.75–44.50) 23.3 21.9–24.7
quartile 3 (spectrum score range 44.75–49.75) 38.5 35.8–41.1
quartile 4 (spectrum score range 50.00–60.00) 42.9 40.8–45.1

Guideline similar therapy (spectrum score range 34.25–60.00) (%) 32.7 31.7–33.6
De-escalation rate for patients in ICU day 2 (%) 34.5 33.6–35.5

Culture-positive admissiona (%) 35.6 34.6–36.5
positive blood culturea (%) 46.6 44.7–46.7
positive lower respiratory tract culturea (%) 35.7 34.7–36.7

Culture-negative admission (%) 26.8 25.9–27.7

De-escalation rates for most common baseline antimicrobial regimens (%)
piperacillin/tazobactam, vancomycin 24.1 22.0–26.2
third-generation cephalosporin, macrolide 16.9 14.4–19.5
piperacillin/tazobactam, vancomycin, pseudomonal FQ 38.4 34.9–41.8
non-pseudomonal FQ 17.3 14.1–20.4
piperacillin/tazobactam 19.8 16.2–23.4
pseudomonal cephalosporin, vancomycin 16.1 12.6–19.5
pseudomonal FQ 19.9 15.1–24.8
piperacillin/tazobactam, vancomycin, macrolide 41.4 35.4–47.4
piperacillin/tazobactam, pseudomonal FQ 30.5 23.9–37.1
pseudomonal cephalosporin, vancomycin, pseudomonal FQ 29.1 22.3–35.9
pseudomonal carbapenem, vancomycin 15.2 9.7–20.6
piperacillin/tazobactam, vancomycin, non-pseudomonal FQ 41.3 33.2–49.3
pseudomonal FQ, vancomycin 34.3 33.3–35.2
pseudomonal cephalosporin 18.6 11.6–25.7
third-generation cephalosporin 22.5 14.8–30.3
non-pseudomonal FQ, vancomycin 26.0 17.5–34.4
piperacillin/tazobactam, macrolide 27.1 18.1–36.0
vancomycin 5.4 0.8–10.0
piperacillin/tazobactam, non-pseudomonal FQ 35.6 25.7–45.4
all other regimens 38.1 27.4–48.9

FQ, fluoroquinolone; NA, not applicable; PO, per os (by mouth).
aNote: cultures positive for CoNS, Corynebacterium spp. and yeast were excluded.
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was more common in culture-positive cases than culture-
negative cases, and de-escalation was more common for patients
with positive blood cultures than for patients with positive respira-
tory tract cultures, suggesting a higher degree of confidence in
blood culture results. Culture collection from both sources is
recommended as a routine component of the diagnostic work-up
for HCAP.2 While not all patients with pneumonia produce sputum
and differentiation of colonizing flora from pathogens can be dif-
ficult, the absence of antimicrobial-resistant pathogens from a
quality sputum specimen suggests that continued coverage for
these organisms is unnecessary.20 – 22 Even when respiratory
tract cultures were collected and MRSA or P. aeruginosa were
not identified, therapy directed at these pathogens was infre-
quently discontinued. The findings suggest that both improve-
ment in collection of respiratory tract cultures and utilization of
negative culture results to guide therapy represent modifiable
factors that may improve de-escalation practice.

Other noteworthy findings include the variation in de-escalation
practice across facilities and that more complex facilities had
higher de-escalation rates compared with less complex facilities.
Presumably, facilities with antimicrobial stewardship programmes
are better able to encourage de-escalation, and generally these
programmes are located in larger academic medical centres
(e.g. more complex facilities).23 It is unknown how many facil-
ities had antimicrobial stewardship programmes during the
study period; however, the 2012 ASTF survey findings suggest
that formal policies directed towards therapy re-evaluation
were associated with improved de-escalation; these policies

were more common in complex facilities. In 2014, the VA re-
quired that all facilities develop antimicrobial stewardship pro-
grammes, and the US Department of Health and Human
Services is tasked with creating similar regulations by 2017 for
US inpatient healthcare facilities.24,25 Facility-level programme
assessments may need to address hospital complexity when
evaluating performance.

The majority of studies investigating antimicrobial de-escalation
have involved respiratory tract infections or sepsis. A PubMed
English language search with the terms ‘antibiotic’ or ‘antimicro-
bial’ and ‘de-escalation’ or ‘streamlining’ with limits of ‘humans’
within the last 10 years identified 12 studies of interest.21,26 – 36

Several study definitions have been used to identify de-escalation
including: completely stopping therapy;31 – 37 reduction in the
number of antimicrobials prescribed;26 – 31,36 investigator opinion
of narrow versus broad antimicrobial spectrum or antimicrobial
de-escalation;27,30 – 36 and ranking regimens based on the intrinsic
activity of anti-pseudomonal b-lactam and fluoroquinolone
antimicrobials.10 Many studies provided no definition for the
assessment of de-escalation. We identified five multicentred
studies of de-escalation, and the de-escalation proportion we
observed with the spectrum score method is comparable to
these studies.8 – 12 Recently, Braykov et al.8 conducted an observa-
tional cohort study of de-escalation practice utilizing chart review
in six hospitals. Patients hospitalized for .3 days with a variety of
infections were assessed for de-escalation on day 5 of therapy.
The de-escalation rate was 21.5%. These authors identified
culture-positive status (OR 2.0, 95% CI 1.2–3.3) and initial broad-
spectrum therapy (OR 1.3, 95% CI 1.0 –1.7) as predictive
of de-escalation status. Other studies have observed similar
findings.

Limitations include those associated with other VA studies
including evaluation of a predominantly elderly male population
hospitalized primarily in non-ICU settings.38 To ensure that we
identified new admissions who were started on therapy promptly
and remained hospitalized long enough to assess clinical
improvement and culture results, we limited the cohort to
patients who received therapy within 24 h, continued therapy
for ≥72 h and remained hospitalized for 5– 14 days. Many VA
facilities have relatively small inpatient components; combined
with the stringent inclusion criteria some facilities had limited
observations for assessment. As the study was retrospective, it
is impossible to know if patients actually had pneumonia or if
baseline therapy was empirical. However, VA antimicrobial admin-
istration data are captured with highly accurate bar code technol-
ogy and patients were treated irrespective of confirmatory
diagnosis. The spectrum score method also has limitations.13,14

Assignment of antimicrobial susceptibility values were based on
VA data, and periodic recalibration of the spectrum score relative
to changes in susceptibility will be required for continued use.
Further, de-escalation assessments occur at specific time-points
during therapy rather than at any time during the treatment con-
tinuum. Calendar days 2 and 4 were selected for measuring base-
line therapy and de-escalation events based upon the opinions of
antimicrobial stewards, and our prior validation exercises were
based on patient simulations rather than bedside review of
patient cases.13,14 Finally, the method does not account for differ-
ences in spectrum of initial therapy; it reflects the reduction in
microbial spectrum of regimens between days 2 and 4 of therapy.
An inherent limitation of our analysis is that the higher the
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Figure 2. Predicted probability of de-escalation by facility for patients
hospitalized with HCAP. The predicted probability of de-escalation (%)
by facility is based on a mixed-effects logistic regression model for a
typical patient from the cohort. Values for covariates used to fit the
model included: admitted 1 January 2010 (study midpoint) to a general
medical/surgical unit at a complexity level 1 VA facility, not admitted from
a skilled nursing facility, median age (73 years), male, median number of
days hospitalized in the last 90 days (6 days), no recent outpatient
intravenous therapy, no chronic wound care, median spectrum score on
day 2 of inpatient stay (44.50), blood culture(s) obtained and respiratory
tract culture not obtained. Regression analyses were based on 9283
admissions at 118 VA facilities with complete data. Facilities are ordered
left to right from highest to lowest predicted probability of de-escalation.
The broken line represents a facility with median predicted probability of
de-escalation (31.6%).
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baseline spectrum score, the more potential there is for de-
escalation. While the logistic regression analysis adjusted for
baseline spectrum of therapy, at some level this limitation
may be conceptualized as ‘regression to the mean’. Analytic
approaches such as conditional logistic regression to adjust for
baseline spectrum scores may be an alternative approach to
address this concern.39,40 Despite limitations, the method can
be automated, which allows for measurement of de-escalation
rates across facilities minimizing the issues of inter-observer
reliability and agreement associated with manual chart review.

As de-escalation was more common for culture-positive
admissions, future work should include systematic interventions
to improve culture collection and microbial diagnosis. The
de-escalation outcome of the spectrum score method is depend-
ent upon the initial spectrum or ‘choice’ of antimicrobial regimen
in addition to capturing the ‘change’ in therapy, and further work
to differentiate these separate but related aspects of therapy
would be necessary. Finally, there is a paucity of multicentred
data regarding the impact of de-escalation practices on patient
outcomes and antimicrobial resistance rates; both should be
evaluated.

Conclusions

De-escalation of antimicrobial therapy in HCAP was performed in
less than 30% of patients within a large cohort of VA facilities. A
substantial difference in the proportion of patients with therapy
de-escalated across the facilities was observed. De-escalation
rates were higher for patients who received initial broad-spectrum
therapy, had cultures obtained from the respiratory tract on
admission and were hospitalized in higher complexity facilities.
Further, de-escalation was more common in facilities where rele-
vant antimicrobial stewardship policies were present, suggesting
that systematic intervention may be beneficial. Accordingly,
efforts to determine a microbiological diagnosis in HCAP and for-
malization of systematic interventions to improve de-escalation
practice seem reasonable. Multicentred trials of methods to
improve de-escalation rates and evaluate outcomes associated
with antimicrobial de-escalation are warranted.
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