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Background.—For patients at risk for multidrug-resistant organisms, IDSA/ATS guidelines
recommend empiric therapy against methicillin-resistant Staphylococcus aureus (MRSA) and
Pseudomonas. Following negative cultures, the guidelines recommend antimicrobial de-escalation.
We assessed antibiotic de-escalation practices across hospitals and their associations with
outcomes in hospitalized patients with pneumonia with negative cultures.

Methods.—We included adults admitted with pneumonia in 2010-2015 to 164 US hospitals if
they had negative blood and/or respiratory cultures and received both anti-MRSA and
antipseudomonal agents other than quinolones. De-escalation was defined as stopping both
empiric drugs on day 4 while continuing another antibiotic. Patients were propensity adjusted for
de-escalation and compared on in-hospital 14-day mortality, late deterioration (ICU transfer),
length-of-stay (LOS), and costs. We also compared adjusted outcomes across hospital de-
escalation rate quartiles.

Results.—Of 14 170 patients, 1924 (13%) had both initial empiric drugs stopped by hospital day
4. Hospital de-escalation rates ranged from 2-35% and hospital de-escalation rate quartile was not
significantly associated with outcomes. At hospitals in the top quartile of de-escalation, even
among patients at lowest risk for mortality, the de-escalation rates were <50%. In propensity-
adjusted analysis, patients with de-escalation had lower odds of subsequent transfer to ICU
(adjusted odds ratio, .38; 95% ClI, .18-.79), LOS (adjusted ratio of means, .76; .75-.78), and costs
(.74; .72-76).

Conclusions.—A minority of eligible patients with pneumonia had antibiotics de-escalated by
hospital day 4 following negative cultures and de-escalation rates varied widely between hospitals.
To adhere to recent guidelines will require substantial changes in practice.

Keywords

community-acquired pneumonia; de-escalation; antimicrobial stewardship; negative cultures

For patients with risk factors for multidrug-resistant (MDR) pneumonia, the American
Thoracic Society (ATS) and Infectious Diseases Society of America (IDSA) guidelines
recommend empirical coverage for methicillin-resistant Staphylococcus aureus (MRSA) and
Pseudomonas aeruginosa with extended-spectrum antibiotics [1]. While most de-escalation
of antimicrobials takes place following positive cultures, recently released IDSA/ATS
guidelines also recommend de-escalation of empiric therapy to a narrower spectrum at 48
hours if microbial cultures do not reveal an MDR pathogen and the patient is clinically
improving [1]. This recommendation represents a change from previous guidelines, which
did not offer specific guidance regarding de-escalation of antimicrobials following negative
cultures [2, 3].

Several observational studies have examined the outcomes associated with de-escalating
antibiotics following negative cultures [4-6]. Although these were either small or limited to
special populations, they have all reported that antimicrobial de-escalation following
negative cultures was safe, reduces the length of hospital stay and duration of antimicrobial
treatment, and is not associated with worse clinical outcomes. However, no studies have
evaluated de-escalation practices following negative cultures across a representative sample
of US hospitals [5, 7]. In particular, it is not known how much hospitals will have to change
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their practices to adhere to this new recommendation. In a large cohort of patients
hospitalized with pneumonia receiving empiric broad-spectrum antibiotics in 164 acute-care
hospitals, we aimed to assess de-escalation practices following negative cultures and to
explore the association of de-escalation with hospital outcomes.

The study protocol was deemed exempt by the Institutional Review Board of Cleveland
Clinic as all data are de-identified and contain no protected health information.

We conducted a retrospective cohort study including 164 US hospitals that participate in the
Premier Healthcare Database (Premier Inc, Charlotte, NC). Further information about the
database is provided in the Supplementary Information.

Cohort Identification

We included patients aged 18 years or older who were admitted with pneumonia to one of
the participating Premier hospitals from July 2010 to June 2015. Patients were identified by
an /nternational Classification of Diseases, Ninth Revision, Clinical Modification (1CD-9-
CM) principal diagnosis of pneumonia, or a secondary diagnosis of pneumonia and a
principal diagnosis of sepsis or respiratory failure as described previously [8]. In addition, to
improve the specificity of our definition, all patients had to have a chest radiograph or
computed tomography scan and blood or respiratory cultures performed by hospital day 1.
All patients in the cohort received an empirical anti-MRSA drug together with at least 1
antipseudomonal drug other than a quinolone by hospital day 1. We did not include patients
where quinolone was the only antipseudomonal agent, because quinolones are considered
first-line therapy for community-acquired pneumonia, even for patients not at risk of
resistant infections. We excluded hospital transfers, because we could not assess their initial
severity and outcomes. Because we were interested in physicians’ responses to negative
cultures, we excluded patients who had any positive bacterial cultures (blood, sputum,
respiratory) and those with positive urine antigen tests for Streptococcus pneumoniae and
Legionella pneumophila or positive polymerase chain reaction assays for Mycoplasma
pneumoniae and Chlamyadia pneumoniae. We also excluded patients for whom it would
likely be inappropriate to de-escalate therapy: patients with cystic fibrosis and those on
immunosuppressive medications (due to high risk of neutropenic fever). We excluded
patients admitted directly to the intensive care unit (ICU) as decisions relating to
antimicrobial de-escalation may be different in those patients. For the descriptive portion of
the study, there were no additional exclusions.

The relationships of de-escalation to outcomes were analyzed at 2 levels. At the patient
level, we wanted to assess patients with similar clinical characteristics who either did or did
not undergo de-escalation 48 hours after being cultured, which generally corresponds to
hospital day 4. Although for some patients this could be hospital day 3, we needed to choose
a single day on which to perform our propensity adjustment. Therefore, we excluded
patients (1) who died on or before hospital day 4, (2) who stopped both drugs before hospital
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day 4, or (3) who stopped both drugs on day 4 with no further antibiotics, because the
diagnosis of bacterial pneumonia may have been in doubt. For the hospital-level analysis, we
also excluded patients of hospitals with fewer than 100 otherwise eligible patients in order to
provide stable estimates. For this analysis we considered those who stopped both drugs on
hospital day 3 or 4, because we did not adjust for severity and therefore did not need to
anchor on a specific day. This provided us with a larger patient sample. We also excluded
from all outcome analyses the small fractions of patients with missing costs, discharge
status, point of origin, or sex. Missing data were not imputed.

Antimicrobial Treatment

Covariates

Outcomes

We defined broad-spectrum empiric antimicrobial therapy as following: receiving 1 anti-
MRSA and at least 1 antipseudomonal agent (not including quinolones). The definition of
anti-MRSA antibiotics and antipseudomonal antibiotics is provided as Supplementary
Information. De-escalation was defined as stopping both agents (anti-MRSA and
antipseudomonal) on day 4, but continuing other antibiotics.

For each hospitalization, we extracted demographic data including age, gender, race, marital
status, insurance payer, and admitting physician specialty. We categorized comorbidities
using software from the Agency for Healthcare Research and Quality, based on the work of
Elixhauser et al [9]. The combined comorbidity scores were calculated using the method
described by Gagne et al [10]. We also noted relevant medications, tests, and treatments
charged on the first and fourth hospital days. Additional variables included hospital
characteristics (geographical region, bed size, urban/rural setting, and teaching status).
However, test results of many laboratory variables including inflammatory biomarkers such
as C-reactive protein and procalcitonin were not available.

Since results of day 1 cultures would ordinarily become available on day 3, we measured the
associations of de-escalation on hospital day 4 with all-cause in-hospital mortality from
hospital day 5 through day 14, and with day 5 or later transfer to ICU, invasive mechanical
ventilation (IMV), vasopressor use, Clostridioides difficile infection (CDI), defined by
ICD-9 code (not present on admission) and/or a positive laboratory test for C. difficile,
length of stay (LOS), and cost. We also measured antibiotic re-escalation (defined as
resumption of antipseudomonal and/or anti-MRSA therapy by day 7 after de-escalation).
Hospital costs included entire cost of hospitalization (bed charge, medications, and
laboratory tests). Hospital readmission data were not available and therefore not evaluated.

Statistical Analyses

Categorical variables were summarized by frequencies and proportions. Continuous
variables were summarized as mean and SD or median and interquartile range (IQR; 25th—
75th percentile [quartile 1-quartile 3]) depending on distributional symmetry. We compared
the characteristics of patients whose empiric antimicrobial treatments for pneumonia were
de-escalated on day 4 with those for whom they were stopped later or continued to
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discharge, using Wilcoxon’s ftest, Pearson’s chi-square test, or Fisher’s exact test. Kaplan-
Meier curves were used to depict and compare times to de-escalation of antipseudomonal
agents, anti-MRSA agents, at least 1 of the 2 agents, and de-escalation of both
antipseudomonal and anti-MRSA agents.

The relationships of de-escalation to outcomes were analyzed at 2 levels. At the patient
level, we first calculated the absolute standardized differences of variables between patients
who were and were not de-escalated on the fourth day. The variables compared included
hospital characteristics, patient demographics, comorbidities, and treatments administered
early (day O or 1) and on the fourth day after culture collection, serving as proxies for
clinical severity. We considered a 10% standardized difference to be a minimally acceptable
balance. We then used a propensity analysis to adjust for potential indication bias. The
propensity to de-escalate was estimated for each patient using boosted additive linear
logistic regression. We used the derived propensity scores to estimate the Average Treatment
effects on outcomes in the Treated (AT T)—that is, in the de-escalated—patients using
Inverse Probability of Treatment Weighting (IPTW). Post-IPTW balance in covariates was
evaluated by calculating the absolute standardized differences between the de-escalated and
weighted control patients [11, 12]. Propensity modeling and analyses of balance were
conducted using the “twang” (Toolkit for Weighting and Analysis of Nonequivalent Groups)
and gbm (Generalized Boosted Regression Models) R packages in R 3.5.0 [13-15].

To compare clinical outcomes (subsequent inpatient mortality by day 14, clinical
deterioration, LOS, CDI and cost) between those who did and did not undergo day 4 de-
escalation, we used multivariable logistic regression models for the 3 dichotomous outcomes
(mortality, deterioration, and CDI), and gamma-generalized linear models with log link
function for the continuous outcomes (LOS and cost). These models were fit using the ATT
weights above and included the de-escalation treatment indicator and de-escalation
propensity score as a covariate.

To further guard against confounding by indication, we performed a hospital-level analysis.
If de-escalation on days 3 and 4 was harmful, we might expect to see poorer aggregate
outcomes for patients in hospitals with the highest de-escalation rates. To examine this
possibility, we divided the hospitals into quartiles by de-escalation fraction and compared
patient outcomes across these quartiles. We also examined the likelihood of de-escalation
based on the patient’s hospital de-escalation quartile and predicted mortality risk using a
previously validated model whose performance is similar to the Pneumonia Severity Index
[8]. Outcome analyses were done using SAS 9.4 (SAS Institute Inc, Cary, NC) and R 3.5.0
[13]. All tests were 2-sided and P < .05 was considered statistically significant.

Overall, 14 710 patients from 164 hospitals met the initial eligibility criteria (Figure 1).
Figure 2 describes the proportions of patients receiving an antipseudomonal agent, anti-
MRSA agent, or both or either of the medications by hospital day. On hospital day 0, all
patients received both medications. On each subsequent hospital day, fewer patients were
taking both agents, as therapy was de-escalated. In general, anti-MRSA therapy was de-
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escalated faster than antipseudomonal therapy. By hospital day 4, 77 patients had died and
12 786 patients were on either of the medications. Therefore, by day 4, 1924 patients (13%)
had both initial empiric drugs stopped, and by hospital day 10, 65% were de-escalated or
discharged. Last, the de-escalation proportions (by hospital day) in patients with negative
respiratory cultures were similar to those in patients with negative blood cultures.

Table 1 describes the characteristics of the entire cohort and the cohort stratified by de-
escalation status on hospital day 4 after cultures were drawn. Patients with de-escalation
were younger, had a lower comorbidity burden, and were less likely to be on dialysis than
patients who were not de-escalated. Patients with negative MRSA nasal cultures were more
likely than those with positive swabs to have anti-MRSA drugs stopped by day 4 (40.6% vs
26.6%; P=.005) but not appreciably more likely to have both drugs stopped on day 4 (10%
Vs 6.2%, P=.2).

Hospital rates of de-escalation on day 4 ranged from 2% to 35% with a median of 13%
(Figure 3). De-escalation was more common in larger hospitals (ie, with >401 beds)
compared with smaller hospitals (ie, with <200 beds) (9.7% vs 5.9%), in teaching
institutions compared with others (9.7% vs 6.3%), and in urban compared with rural
hospitals (8.2% vs 6.9%). De-escalation also varied widely across regions in the United
States. Figure 4 shows the hospitals divided into quartiles of de-escalation rate, and within
each quartile patients are stratified by predicted mortality. Within each quartile of de-
escalation rate, patients at higher predicted risk for mortality were less likely to be de-
escalated. However, the trend was much stronger across hospital quartiles than within them,
so that low-risk patients at hospitals with low rates of de-escalation were much less likely to
be de-escalated than were high-risk patients at hospitals with high de-escalation rates. The
de-escalation rate was less than 50% even among patients at lowest risk for mortality at
hospitals in the top quartile of de-escalation.

Hospital-level Outcomes

The characteristics of patients with de-escalation on days 3 and 4 based on the hospital rates
of de-escalation (quartiles of de-escalation) and unadjusted outcomes are described in
Supplementary Table 1.

Patient-level Outcomes

The left-hand columns of Table 2 compare the outcomes for patients with day 4 de-
escalation with those for patients not de-escalated on day 4 in models without propensity
adjustment. De-escalation was associated with reductions in all negative outcomes with the
exception of C. difficile incidence, which was similar in both groups. Post-IPTW
adjustment, all standardized differences were less than 10%, as shown in the Love plot
(Supplementary Figure 1). In the propensity-adjusted analyses using IPTW, de-escalation
was not significantly associated with 14-day mortality (odds ratio [OR], .65; 95%
confidence interval [Cl1], .39-1.08). De-escalation was significantly associated with less
frequent late ICU admission (OR, .38; 95% Cl, .18-.79]), late IMV (OR, .25; 95%

Cl, .09-.66), late vasopressor use (OR, .13; 95% ClI, .04—.44), shorter LOS (risk-adjusted
ratio of means, .76; 95% Cl, .75-.78) and lower hospitalization cost (risk-adjusted ratio of
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means, .74; 95% Cl, .72-.76). De-escalation was not significantly associated with
developing CDI (OR, 1.33; 95% Cl, .40-4.47). Last, among the patients with de-escalation,
only 13 patients (1.4%) were ever re-escalated to broad-spectrum antibiotics (resumption of
antipseudomonal and/or anti-MRSA therapy) during the hospitalization.

DISCUSSION

The recent IDSA/ATS pneumonia guidelines conclude that de-escalation of broad-spectrum
antibiotics is appropriate in stable patients 48 hours after negative cultures. In this large,
multihospital, retrospective cohort of adult patients with pneumonia treated empirically with
a combination of an anti-MRSA and an antipseudomonal agent, fewer than 1 in 7 such
patients had their extended-spectrum coverage de-escalated by hospital day 4. De-escalation
practices varied widely by hospital, with larger teaching hospitals having the highest rates of
de-escalation. Although patients at hospitals with higher de-escalation rates did not suffer
worse outcomes, no hospital de-escalated even 40% of its eligible patients. The overall de-
escalation rates were less than 50% even among patients at lowest risk for mortality at
hospitals in the top quartile of de-escalation, suggesting there is substantial opportunity for
improvement.

The guidelines based their recommendations on a series of observational studies of antibiotic
de-escalation. All of these studies found de-escalation to be safe, but the studies were
generally small and not representative of US hospitals in general. The largest study
examined 9319 patients (including both positive and negative cultures) admitted to 119
Veterans Administration (VA) facilities from 2008 to 2011. Overall, 28% of the patients who
received initial broad-spectrum antibiotics were de-escalated by hospital day 4, although the
rate varied 6-fold across facilities [5, 16]. De-escalation was uncommon even in culture-
positive cases (36%) and only 27% of the culture-negative patients underwent de-escalation.
In the propensity-matched cohort, de-escalation was associated with a shorter LOS but not
with 30-day readmissions or CDI [16]. In a more recent single-center study, Cowley et al
[17] examined de-escalation of anti-MRSA therapy among 279 patients with culture-
negative nosocomial pneumonia, of whom only 33% were de-escalated by hospital day 4.
There were no significant differences in 28-day mortality, but patients who were de-
escalated had shorter LOS and lower incidence of acute kidney injury. Our study generally
confirms these findings in a larger and more recent cohort. We also found that de-escalation
was associated with a shorter LOS in our cohort, as well as with lower rates of inpatient
mortality and late deterioration. Patients who de-escalated and hospitals with high de-
escalation fractions did not have worse outcomes. Few patients had their antibiotics re-
escalated, and re-escalation was not more common at hospitals with the highest de-
escalation rates.

Our study is also novel in studying the variation within and across non-VA hospitals, which
is important for 2 reasons. First, it is likely that our propensity-adjusted model included
some residual confounding by indication. Within an institution, the patients who are de-
escalated are the least sick and are therefore likely to have good outcomes. Inverse
Probability of Treatment Weighting helps to overcome this bias, but may not be completely
successful. Across hospitals, those with higher rates of de-escalation are likely not those
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with the least sick patients, since they tended to be larger, teaching hospitals. It is more
likely that de-escalation in these hospitals is the result of intentional antimicrobial
stewardship efforts. At the same time, looking at de-escalation rates across hospitals (2—
35%) demonstrates that there is substantial room for improvement. In particular, the low
rates of de-escalation among low-risk culture-negative patients highlight an easy target for
antimicrobial stewardship, since close to 100% of such patients should be de-escalated.

In recent years, more hospitals have taken to performing MRSA swabs of the nares and de-
escalating patients with negative swabs. Several studies support this practice [18, 19]. We
found that only a small minority of patients had nasal testing, and among those who did,
only about one-third had their anti-MRSA antibiotics tapered after a negative test. Moreover,
nasal MRSA testing did not lead to overall antimicrobial de-escalation.

Our findings should be interpreted in light of several limitations. First, by relying on ICD-9
codes to define our study cohort, we may not have identified all patients with pneumonia,
may have misclassified some patients, and also may have missed important confounders.
Second, although we used propensity analysis to adjust for confounders, it is likely that there
are residual unmeasured confounders. Nevertheless, our findings are in keeping with all
other studies and support the conclusions of the new guidelines. Third, we lacked clinical
data and therefore could not directly measure clinical severity. However, we utilized several
indirect measures of severity, such as late ICU admission, vasopressor use, and mechanical
ventilation, that we have shown previously to have excellent prognostic ability for inpatient
mortality [8]. Last, we also lacked provider-level data and therefore could not account for
de-escalation variations at the provider level.

Conclusions

Overall, fewer than 1 in 7 eligible patients with pneumonia had their empiric antibiotic
coverage de-escalated following negative cultures. The de-escalation rates varied widely
among hospitals and were low even among the lowest-risk patients. As expected, patients
with de-escalation did not exhibit worse outcomes. These data suggest that physicians will
need to substantially change their response to negative cultures for most non—critically ill
patients if they are to adhere to the new guidelines. Since antibiotics are not benign and
antimicrobial stewardship is an important priority, hospital antibiotic stewardship programs
should emphasize de-escalation following negative cultures as an opportunity to reduce
exposure to broad-spectrum antibiotics, improving both antimicrobial stewardship and
medication safety by substitution of lower-toxicity agents.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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outcome analysis)
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Figure 1.

Patient selection flow chart to identify study eligible patients. Abbreviations: CT, computed
tomography; ICU, intensive care unit; MRSA, methicillin-resistant Staphylococcus aureus,

PCR, polymerase chain reaction.
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hospitals with at least 100 eligible pneumonia patients with negative cultures. *Represents

mean. Abbreviations: Max, maximum; Min, minimum.
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Bar chart of hospital rates of day 4 de-escalation () axis), grouped by hospital de-escalation
quartile and further stratified by sextiles of predicted mortality (x axis).
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Patient Outcomes of Patients With Pneumonia With Negative Cultures Comparing Odds of Events for Those
Who Were De-escalated With Those Who Were Not De-escalated on Hospital Day 4

Outcome Unadjusted OR (95% CI) IPTW OR (95% CI) P Value
In-hospital 14-day mortality .45 (.30-.67) .65 (.39-1.08) .095
Late ICU (day 5+)7 .30 (.16-.56) 38 (.18-.79) 01
Late IMV (day 54)7 .19 (.08-.45) .25 (.09-.66) .005
Late vasopressor (day 5+)° .10 (.03-.32) 13 (.04-.44) .001
coi? .96 (.42-2.23) 1.33 (.40-4.47) 64
Cost® .65 (.62-.68) 74 (.72-.76) <.001
Length of stay .70 (.68-.73) .76 (.75-.78) <.001

Data are presented as ORs (95% Cls) except for cost and length of stay (mean multipliers). Abbreviations: CDI, Clostridioides difficile infection;
ClI, confidence interval; ICU, intensive care unit; IMV, invasive mechanical ventilation; IPTW, Inverse Probability of Treatment Weighting; OR,

odds ratio.

a . . . .
Among patients not previously in the ICU, on IMV, or on vasopressor, respectively.

bPatients with Clostridium difficile diagnosis codes present on admission (008.45) or with a positive Clostridium difficile test by hospital day 4

were excluded.

c ... . . . . .
Patients with no costs or from hospitals where most patients show no costs are excluded from this analysis.
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