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Background. Antimicrobial susceptibility testing (AST) is often needed prior to antimicrobial optimization for patients with
gram-negative bloodstream infections (GN-BSIs). Rapid AST (rAST) in combination with antimicrobial stewardship (AS) may
decrease time to administration of narrower antibiotics.

Methods. This was a prospective, nonblinded, randomized trial evaluating the impact of a phenotypic rAST method vs
conventional AST (cAST) in hospitalized patients with GN-BSI and source control. The primary outcome was time to
narrowest effective therapy.

Results. Two hundred seventy-four patients were randomized and 205 underwent analysis (97 cAST, 108 rAST). Median
(interquartile range [IQR]) time to susceptibility results was 23 hours shorter in the rAST group (cAST: 62 [59-67] hours vs rAST: 39
[IQR, 35-46] hours; P<.001). Median (IQR) time to narrowest effective therapy was similar between groups (cAST: 73 [44-138]
hours vs rAST: 64 [42-92] hours; P=.10). Median (IQR) time to narrowest effective therapy was significantly shorter in a
prespecified subgroup of patients not initially on narrowest therapy and during AS working hours (cAST: 93 [56-154] hours vs
rAST: 62 [43-164] hours; P=.004). Significant decreases were observed in median (IQR) time to oral therapy (cAST: 126 [76-209]
hours vs rAST: 91 [66-154] hours; P=.02) and median (IQR) length of hospital stay (cAST: 7 [4-13] days vs rAST: 5 [4-8] days; P=.04).

Conclusions. In patients with GN-BSI, rAST did not significantly decrease time to narrowest effective therapy but did decrease time to
oral antibiotics and length of hospital stay. Rapid AST using existing microbiology platforms has potential to optimize patient outcomes.

Keywords. antimicrobial stewardship; antimicrobial susceptibility testing; bloodstream infection; gram negative; rapid
diagnostic testing.

Gram-negative (GN) bacilli are responsible for 40% of blood-
stream infections (BSIs) and represent a major contributor to
healthcare-related morbidity and mortality [1-4]. Increasing
incidence of multidrug-resistant GN organisms has made em-
piric use of broad-spectrum antibiotics standard practice for
most institutions [5]. However, judicious use of antibiotics is
important to limit the development of resistance [6].
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Recent studies have demonstrated that transitioning to oral
therapy and shortening durations of therapy are safe strategies
for patients with uncomplicated GN-BSI, including the use of
oral B-lactams [7-11]. A retrospective study by Tamma and col-
leagues reported a 2-day decrease in length of hospital stay (LOS)
in patients transitioned to oral step-down therapy [9]. However,
antimicrobial susceptibility testing (AST) can be a rate-limiting
step in de-escalation and transitioning to oral therapy.

Conventional microbiology methods for organism identifica-
tion and AST require time for organism growth, mass
spectrometry (MS) identification of organism, and exposure to
phenotypic
Shortening time to GN-BSI susceptibility results was associated

antimicrobials to  determine susceptibility.
with decreases in time to antimicrobial changes in multiple
retrospective studies and a single randomized controlled
trial (RCT) that evaluated a commercially available platform
[12-14]. Time to oral therapy and LOS were not affected.

A recent Cochrane review [15] also found no evidence that rapid
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AST (rAST) was associated with decreased mortality or LOS.
Previous studies have demonstrated improvements in antibiotic
use with faster microbiology results in conjunction with antimi-
crobial stewardship (AS) programs; however, this is not observed
in the absence of AS [9, 16-19].

A phenotypic method for rAST directly from positive blood
cultures was used to compare rAST and conventional AST
(cAST) in patients with GN-BSL. It was hypothesized that
rAST in combination with AS would decrease time to narrow-
est effective therapy and hospital LOS.

METHODS

Design and Setting

This was a prospective RCT evaluating the impact of rAST on
patients with GN-BSI in combination with AS between
1 August 2020 and 5 November 2021. The study was conduct-
ed at 2 medical centers in Portland, Oregon (Providence
Portland Medical Center and Providence St Vincent
Medical Center). The study sites are each approximately 500
beds and part of an 8-hospital health system using a central-
ized microbiology clinical laboratory and a regional AS pro-
gram. Resources for the AS program include 2 full-time
infectious diseases (ID) pharmacists, a postgraduate year 2
ID pharmacy resident, and 1 full-time ID physician. A rapid,
direct-from-blood matrix-assisted laser desorption/ioniza-
tion-time-of-flight (MALDI-TOF) process was utilized on
all study participants and has been part of the institutional
standard of care since 2018. This study was approved by the

Providence St Joseph Health System Institutional Review
Board, and a waiver of informed consent was granted.

Study Participants

Hospitalized adult (aged >18 years) patients were randomized
to rAST or cAST when the automated blood culture system
(BacT/Alert, bioMérieux, Durham, North Carolina) turned pos-
itive and routine Gram stain results demonstrated a GN organ-
ism. Only the first positive blood culture per patient encounter
was randomized. Patients were excluded after randomization if
they had polymicrobial blood cultures, no susceptibility testing
performed, organisms eventually identified as gram-positive,
died, or transitioned to hospice or comfort care within 24 hours
of randomization or lacked source control (Figure 1). Lack of
source control was defined as any of the following remaining
at discharge: infected prosthetic material, undrained fluid collec-
tion, biliary obstruction, urinary obstruction, or deep-seated in-
fection (osteomyelitis or endocarditis).

Procedures

Microbiology

The following laboratory-developed method was successfully
validated in the 12 months prior to our study. GN bacilli
were rapidly identified to species level by MALDI-TOF MS di-
rectly from the positive blood culture bottle [20], similar to
methods described previously by Horing and colleagues [21].
In brief, a 5-mL aliquot of blood culture suspension was re-
moved from the blood culture bottle in a biosafety cabinet in
a sterile fashion and transferred to a serum separator tube
(SST). The SST was spun for 5 minutes at 4000 rpm. Using a

274 patients with gram-negative
organisms identified on Gram stain

69 Excluded

1: < 18 years old

1: Never admitted

2: Admitted to a non-study-site hospital

2: Gram-positive organism

13: Polymicrobial cultures

11: Died within 24 hours of positive blood
culture

7: Transitioned to hospice or comfort care
within 24 hours of positive blood culture
30: Lack of source control

2: No susceptibilities performed

¥
205 patients
included
Rapid AST: Conventional AST:
108 97

Figure 1. Participant screening and randomization. Abbreviation: AST, antimicrobial susceptibility testing.
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sterile bulb transfer pipet, serum supernatant at the top was re-
moved, leaving behind a bufty coat layer, a gel layer, and a red
blood cell layer. The SST pellet was washed with 200 pL of
nuclease-free water by vigorously mixing the buffy coat layer in-
side the SST. The mixture was transferred into a 1.5-mL
Eppendorf tube. The supernatant was removed, and the pellet
used for (1) spotting it on a Vitek MS target slide for identification
and (2) inoculating a blood plate with a generous amount of pellet
(“smudge plate”), which was then incubated at 5% carbon dioxide
for 4 hours. If the patient was randomized to rAST, an aliquot of
the pellet was diluted in 0.45% saline to a density of 0.5 McFarland.
This suspension was used to inoculate a Vitek 2 susceptibility card
(GN72). If the patient was randomized to the cAST, standard pro-
cedures for Vitek were followed. If direct identification by MS
failed, the smudge plate was used for identification by
MALDI-TOF. The above procedures were performed 24 hours
per day, 7 days a week as blood culture bottles turned positive.

Antimicrobial Stewardship

Prior to the study initiation, the AS team received real-time pages
from the microbiology laboratory when species were identified via
rapid-MALDI-TOF procedures. An institutional guidance docu-
ment existed to guide organism-specific empiric therapy for bac-
teremic patients. For the duration of the study, ID pharmacists
continued to receive real-time pages and no additional notifica-
tions were provided when AST resulted. Results and recommen-
dations were reviewed with ID physicians daily Monday through
Friday, 7:00 am through 4:00 pm. Pages sent during AS off-hours
were reviewed the next working day. Patients were followed until
AST returned and recommendations for follow-up blood cultures,
antimicrobial changes, transition to oral therapy, and duration of
therapy were generated. A note template was created for the pur-
poses of the study and is included in Supplementary Figure 1. For
uncomplicated Enterobacterales infections with source control
and adequate clinical improvement, AS routinely recommended
no follow-up blood cultures, switch to oral therapy, and 7-day du-
ration of therapy. Recommendations were given to the primary
team through phone calls and/or communications in the electron-
ic medical record. Changes to antibiotic therapy were made at the
discretion of the primary team.

Outcome Measures

The primary outcome was time to narrowest effective therapy,
defined as time from blood culture collection to first adminis-
tration of narrowest-spectrum antimicrobial agent given
patient-specific susceptibility results, concomitant infections,
antibiotic allergies, and comorbid conditions, plus cessation
of unnecessary gram-positive agents. If the narrowest therapy
was first administered as a discharge prescription, the pre-
sumed intended start of the discharge prescription was used
as the time of administration. For patients who did not receive
narrowest therapy, the time from blood culture collection to

end of antibiotic use was used for the primary outcome. A
time of zero was used for patients already on narrowest effec-
tive therapy at time of blood culture collection. Narrowest ef-
fective therapy was determined retrospectively after blinded
review by 2 ID pharmacists (A. B. C. and B. F.) and an ID phy-
sician (T. P.) using an agreed-upon definition of narrowest
therapy (Supplementary Table 1).

Secondary outcomes included time to susceptibility results,
time to oral therapy, infection-related discharge readiness at
days 3 and 5, LOS, in-hospital mortality, 30-day mortality,
30-day
Infection-related discharge readiness was defined as meeting

readmission, and recurrence of bacteremia.
all the following: source control achieved, afebrile for 24 hours,
Pitt bacteremia score <1 [22], improvement in at least 1 local
sign or symptom of infection, able to tolerate oral medications,
and susceptibility to an oral agent.

Recurrence of bacteremia was defined as identification of the
same organism in a blood culture within 30 days of antibiotic
completion. Patients were considered immunocompromised if
they had any of the following: history of solid organ transplant
or stem cell transplant, >20 mg/day of prednisone (or equiva-
lent) for >14 days in the past 30 days, immunomodulatory med-
ications in the past 90 days, or any daily leukocyte count <1000
cells/mL during bacteremia treatment. Additional outcome def-
initions are described in the Supplementary Methods.

Randomization and Blinding

A randomization key was generated and used to distribute pa-
tients between AST groups in equal fashion (with a block
randomization scheme and block size randomly picked from
2 and 4) stratified by hospital. Patients were randomized
when the Gram stain showed a GN organism.

Patients undergoing rAST had the following comment added to
their susceptibility results: “Presumptive susceptibility results.
Verification to follow.” AS team members were not blinded to
method of AST assigned. Treating clinicians were not informed
of the study and were blinded to the randomization group.

Data Collection

Patients were followed for 90 days after the first blood culture re-
sult. Age, sex, race, ethnicity, LOS, discharge disposition, and co-
morbidity data were collected using an internal electronic SAP
BI Web Intelligence report. Patient International Classification of
Diseases, Tenth Revision diagnoses codes were used to generate a
Charlson Comorbidity Index (CCI) score for each patient [23].
All other study data were manually extracted through medical re-
cord review and managed using REDCap [24], an electronic data
capture tool hosted at Providence St Joseph Health.

Statistical Analysis
Continuous variables were summarized as mean + standard

deviation or median (IQR) as appropriate, whereas categorical
variables were summarized as frequency (percentage). Student
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t test or Wilcoxon rank-sum test was performed to compare
continuous variables, and * test or Fisher exact test was per-
formed to compare categorical variables. A prespecified sub-
group analysis was planned for the primary outcome, which
evaluated the effects of susceptibility methods in patients not
initially on narrowest therapy and during AS program hours
(Monday-Friday, 7:00 aM-4:00 pm) and off-hours, respectively.
All analyses were performed using R statistical program
(R Foundation for Statistical Computing, Vienna, Austria)
[25]. Taking into account a postrandomization exclusion esti-
mate of 30%, a sample size of about 150 per treatment group
(yielding 105 per group for the final analysis) was estimated
to achieve 80% power in detecting a 10-hour difference in the
primary outcome of time to narrowest therapy. A 10-hour dif-
ference was chosen based on the smallest expected difference in
rAST and cAST results that would be possible. A P value < .05
was considered statistically significant.

RESULTS

A total of 274 GN organisms were identified on Gram stain and
corresponding patients were randomized. Medical record re-
view identified 69 patients meeting exclusion criteria as de-
scribed in Figure 1. The final analysis included 205 patients
(108 rAST, 97 cAST). The average age was 69 years, and 53%
were female (Table 1). The most common source of infection
was urinary (67%). AS progress notes were recorded in the elec-
tronic medical record for 77 (37.6%) patients. Pitt bacteremia
score and CCI score were similar between groups. Age, source
of infection, and immunocompromised status were also simi-
lar. ID consultation was more common in the cAST group.

Primary Outcome

The median (IQR) time to narrowest effective therapy was shorter
in the rAST group by 9 hours but was not statistically significant
(73 [44-138] vs 64 [42-92] hours; P=.10) (Table 2). When pa-
tients already on narrowest therapy at time of organism identifi-
cation were excluded from the analysis, there was a significant
reduction of 21 hours in median (IQR) time to narrowest therapy
(89 [58-148] vs 68 [45-95] hours; P=.008) (Table 3). A pre-
planned subpopulation analysis indicated a 31-hour reduction
in time to narrowest therapy within rAST group during AS work-
ing hours (median [IQR], 93 [56-154] hours vs 62 [43-91] hours;
P =.004), but not during off-hours (median [IQR], 73 [60-138]
hours vs 76 [52-115] hours; P =.56).

Secondary Outcomes

Outcomes are summarized in Table 2 and select outcomes are
displayed in a timeline in Figure 2. Additional analysis compar-
ing median and mean values of select outcomes are listed in
Supplementary Table 2. Time from blood culture collection
to susceptibility result was significantly shorter in the rAST

group by 23 hours (median [IQR], 62 [59-67] hours vs 39
[35-46] hours; P <.001). Time to Gram stain and identification
was similar between groups. Median (IQR) LOS was 2 days
shorter in the rAST group (7 [4-13] days vs 5 [4-8] days; P=
.04). More patients in the rAST group received oral therapy
(66% vs 80%; P=.04) and were discharge ready by day 3
(38% vs 56%; P =.01), with no difference in discharge readiness
by day 5. Time to oral therapy was 35 hours shorter in the rAST
group (median [IQR], 126 [76-209] hours vs 91 [66-154]
hours; P = .02). No differences in mortality, bacteremia recur-
rence, 30-day emergency department visit without admission,
or 30-day hospital readmission were observed. Antibiotic use
is described in Supplementary Table 3. The most common
oral therapy was cephalexin (45.3%). There was no significant
difference in antibiotic consumption or length of therapy.

DISCUSSION

In this randomized trial, rAST in the setting of AS resulted in a
trend toward shorter time to narrowest effective therapy;
however, this result was not statistically significant. When pa-
tients who were already on narrowest therapy at the time of
organism identification were excluded from the analysis,
rAST resulted in a significantly shorter time. A significant re-
duction in median time to oral therapy was demonstrated in
the rAST group.

This is the first study to analyze downstream effects of rAST
including time to oral therapy and discharge readiness in a co-
hort with GN-BSI with source control. The focus of this study
was narrowest effective therapy, unlike other studies that have
used broader definitions of optimal therapy and generally fo-
cused on empiric therapy changes [14, 26-29]. What consti-
tutes narrowest therapy can vary based on local susceptibility
patterns. The considerations for narrowest effective therapy
(Supplementary Table 1) are similar to agents used in the
Healthcare Safety Network’s  Standardized
Antimicrobial Administration Ratio narrow category, but

National

made more specific to Gram-negative organisms and our local
susceptibility patterns.

Five RCTs have evaluated the impact of rAST [14, 26-30].
Comparison of outcomes between these studies is limited by
the variability in rAST method, patient population, and organ-
isms. Nevertheless, these studies demonstrated improvements
in antibiotic use with rAST using various definitions of im-
provement. The RAPIDS-GN study evaluated a rAST platform
(Accelerate Pheno) in combination with AS in 448 patients
with GN-BSI [14]. The study used a rAST method that reported
results in approximately 7 hours, similar to the
direct-inoculation method used here. The authors found a sig-
nificant decrease in time to GN antibiotic change (17.3% vs

42.1%; P <.001). This is the only prospective RCT in addition
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Table 1. Clinical and Microbiologic Demographics Table 1. Continued

Overall cAST rAST Overall cAST rAST
Demographic (N=205) (n=97) (n=108) Demographic (N=205) (n=97) (n=108)
Age, y, mean + SD 68.5+16.4 683+152 686+17.4 Source of infection
Female sex 109 (53) 45 (46) 64 (59) Central line 2(1.0) 1(1.0) 1(0.9)
Race Intra-abdominal 38 (19) 17 (18) 21 (19)

Black 12 (5.9) 10 (10) 2(1.9 Other 2 (1.0) 2(2.1) 0(0)

White 48 (24) 16 (16) 32 (30) Pulmonary 14 (6.8) 9(9.3) 5 (4.6)

Other/unknown 144 (71) 71 (73) 73 (68) Skin 7 (3.4) 5(5.2) 2(1.9
Ethnicity Urinary 137 (67) 60 (62) 77 (71)

Hispanic or Latino 22 (11) 6(6.2) 16 (15) Unknown 5(2.4) 3(3.1) 2(1.9)

Not Hispanic or Latino 175 (86) 0 (93) 85 (79) Follow-up blood culture 111 (54) 55 (57) 56 (52)

Unknown 7 (3.4) 1(1.0) 6 (5.6) Follow-up blood culture positive 10 (9.0) 5(9.1) 5(8.9)

Missing 1 0 1 Febrile days, median (IQR) 1(0-2) 1(0-2) 1(0-1)
Hospital Infectious diseases consult 28 (14) 19 (20) 9 (8.3%)

Hospital 1 77 (38) 35 (36) 42 (39) Discharge disposition

Hospital 2 128 (62) 62 (64) 66 (61) Intermediate care, nonskilled 3(1.5) 2(2.1) 1(0.9)
CCl score, mean + SD 59+ 3.6 6.1 +3.9 5.7 +34 Expired 3(1.5) 2(2.1) 1(0.9)
Comorbidities Home or self-care 110 (54) 48 (49) 62 (57)

Diabetes 112 (54.6) 5 (56.7) 57 (62.8) Home with home health 45 (22) 25 (26) 20(19)

Myocardial infarction 45 (22.0) 16 (16.5) 29 (26.9) Home with home hospice 7 (3.4) 2(2.1) 5 (4.6)

Congestive heart failure 59 (28.8) 4 (24.7) 35 (32.4) Hospice medical facility 1(0.5) 1(1.0) 0(0)

Peripheral vascular disease 14 (6.8) 7(7.2) 7 (6.5) Inpatient rehabilitation 4 (2.0) 2(2.1) 2 (1.9

CVAor TIA 18(8.8) 10(10.3) 8(7.4) Short-term general inpatient 2 (1.0) 2(2.1) 0 (0)

Dementia 32 (15.6) 12 (12.4) 20 (18.5) Skilled nursing facility 30 (15) 13 (13) 17 (16)

COPD 42 (20.5) 15 (15.5) 27 (25.0) Data are presented as No. (%) unless otherwise indicated.

Connective tissue disorder 14 (6.8) 7(7.2) 7(6.5) Abbreviations: cAST, conventional antimicrobial susceptibility testing; CCl, Charlson

Peptic ulcer disease 4 (2.0) 4(4.1) 0 (0) Comorbidity Index; COPD, chronic obstructive pulmonary disease; CVA, cardiovascular

Chronic kidney disease 62 (30.2) 34 (35.1) 28 (25.9) accident; ESBL, extended-spectrum p-lactamase; HIV, human immunodeficiency

T g m— 14 (6.8) 9(9.3) 5 (4.6) virus; \(‘Il.J., inter?swe care unit; IQR, interquartile .rang.e; rAST, rapid antimicrobial

Leukenia or lymphoma 15 (7.3) 2(2.1) 13(12.0) sust?eptwblmy testing; SD, sﬁan»dard devnat\orT; TIA, transient ischemic attack. .

“Variables were recorded within 24 hours prior to or 24 hours after blood culture collection

HIV/AIDS 110.5) 1(1.0) 0 individually and as part of the Pitt bacteremia score. The value furthest from normal (either

Liver disease 19(9.3) 8(8.2) 11(10.2) highest or lowest) was used in calculating the Pitt bacteremia score.

Pitt bacteremia score, median (IQR) 2(0-3) 2(0-3) 2(0-3) ®Hypotension defined as need for intravenous vasopressor agents, systolic blood pressure
Temperature® (BP) <90 mm Hg, or acute hypotensive event with a drop in systolic BP >30 mm Hg or
<35°C or >40°C 7 (3.4) 4 (4.1) 3(2.8) diastolic BP >20 mm Hg.

35.1°C=36.0°C or 39.0°C-39.9°C 66 (32) 26 (27) 40 (37) ‘Immunocompromised condition defined as any of the following: history of solid organ

WG e sy e o vy e <00
HypmenSionab 95 (46) 43 (44) 52 (48) immunomodulatory medications in past 30 days.

Mechanical ventilation® 8(3.9) 4(4.) 4(3.7) 9Admitted to an intensive care unit at the time of blood culture organism identification.
Cardiac arrest® 10 (4.9) 6(6.2) 4(3.7)
Mental status®

Alert 159(78) 7678) & to the present study to analyze the impact of rAST in a cohort of

Comatose 2 (1.0) 1(1.0) 1(0.9) X

Disoriented 43 (21) 19 (20) 24 (22) exclusively GN-BSI.

Stuporous 1(0.5) 101.0) 01(0) The subgroup analysis, which excluded patients who were al-
Immunocompromised® 1(10) 1101 10 (9.3) ready on narrowest therapy at the time of organism identifica-
ICU admission” 38(19) 15.(16) 23(22) tion and who received AST results during AS off-hours,
Orgamsm species demonstrated a significant reduction in time to narrowest ther-

Acinetobacter 2 (1.0) 2 (2.0) 0 . . . .

Citrobacter 3(1.5) 0 3028) apy. This effect was not observed in patients with AST results

Eadhaiaia 139 (67.8)  61(62.9) 78 (74.3) reported during AS off-hours, suggesting the importance of

Enterobacter 6(2.9) 2(2.0) 4(3.7) combining rAST with AS services. This is consistent with pre-

gzl ZOE 1) a4 15 i1es) vious literature evaluating rapid diagnostic technology (RDT),

Morganella 105 10.0 0 which demonstrated no impact on outcomes in the absence of

Proteus 13 (6.3) 10 (10.3) 3(2.8) . .

Providencia 1(05) 100l 0 AS [16, 17]. AS services were only available Monday through

. 10 (4.9) 6(6.2) 4(3.7) Friday, which may have muted the effect of the intervention

Salmonella 1(0.5) 0 1(0.9) during alternative hours. However, a similar study with
ESBL 20 (9.8) 8(8.2) 12 (11)

24-hour AS coverage reported a low rate of antibiotic changes
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Table 2. Qutcomes

Overall rAST P
Outcome (N=205) cAST(n=97) (n=108) Value®
Time to narrowest 67 (43-122) 73 (44-138) 64 (42-92) 10

effective therapy, h

Time to Gram stain, h 15 (13-18) 14 (13-19) 15(13-18) 91
Time to species 23 (20-31) 24 (20-33) 23 (19-27) 12
identification, h
Time to susceptibilities, h 52 (38-63) 62 (59-67) 39 (35-46) <.001
Received oral therapy 150 (73) 64 (66) 86 (80) .040
Time to oral therapy, h 97 (68-186) 126 (76-209) 91 (66-154)  .022
Length of hospital stay, d 6 (4-10) 7 (4-13) 5 (4-8) .035
Discharge readiness by 98 (48) 37 (38) 61 (56) .012
day 3
Discharge readiness by 150 (73) 65 (67) 85 (79) .082
day 5
Recurrence of 0 0 0
bacteremia
30-d readmission 22 (11) 12 (13) 10 (9.3) .50
ED visit within 30 d 13 (6.4) 7(7.4) (5.6) .78
Mortality
In-hospital 3(1.5) 2(2.1) 1(0.9) .60
30-d 6(2.9) 5(5.2) 1(0.9) .10
90-d 11(5.4) 8(8.2) 3(2.8) 12
Length of therapy®, d 10 (8-12) 10 (8-11) 10 (7-12) .49
Days of therapy® 11 (9-15) 11 (9-14) 11 (9-15) .99

Data are presented as No. (%) or median (interquartile range) unless otherwise indicated.
Abbreviations: cAST, conventional antimicrobial susceptibility testing; ED, emergency
department; rAST, rapid antimicrobial susceptibility testing.

@Pvalues were generated from Wilcoxon rank-sum test for continuous variables and Fisher
exact test or i test for categorical variables, between rAST and cAST.

PLength of therapy was defined as the number of consecutive days the patient received any
antibiotic therapy. Any day in which the patient received a dose of an antibiotic was counted
as 1 day.

°Days of therapy was defined as the number of days a patient is on any particular antibiotic
and is cumulative for all antibiotics the patient received.

overnight due to AS preference not to intervene for nonurgent
recommendations [26].

In contrast to previous RCTs [15], patients undergoing rAST
had a significantly lower LOS. The Rapid Identification and
Susceptibility = Testing for  Gram-negative Bacteremia
(RAPIDS-GN) study reported no difference in LOS (8.2 vs 9.8
days). While the authors note the study was not powered to de-
tect decreases in LOS and the sample size was higher compared
to the present study (205 vs 448), there are several possible expla-
nations for the decrease observed here. First, patient population
differences may have led to differences in severity of illness.
Patients in the RAPIDS-GN study had higher rates of mechanical
ventilation, intensive care unit admission, and nonurinary sourc-
es. However, the Pitt bacteremia score and CCI score (2.4 and
5.9, respectively) were similar to the current study. Second, the
present study excluded patients without source control, which
may have selected for patients more likely to be impacted by
the intervention. A lower proportion of patients in the
RAPIDS-GN study had urinary sources of infection (35% vs
67%), highlighting this

difference. Last, differences in

Table 3. Subgroup Analysis of Patients With Time to Narrowest Therapy
Exceeding Time to Organism Identification

Overall rAST P
Characteristic (n=182) CcAST(n=84) (n=98) Value®
Time to narrowest 72 (48-126) 89 (58-148) 68 (45-95) .008

therapy, h

Time to oral therapy, h 95 (68-176) 121 (76-200) 90 (66-143) .017

Length of therapy®, d 10 (8-11) 10 (8-11) 10 (8-12) .58

Days of therapy® 11 (9-14) 11 (9-14) 11 (9-14) .82

AS hours (7:00 AM—4:00 pm, (n=101) (n=45) (n=56)
Mon-—Fri)

Time to narrowest 70 (47-126) 93 (56-154) 62 (43-91) .004
therapy, h

Time to oral therapy, h 94 (66-183) 121 (77-199) 86 (63-164) .035

Length of therapy®, d 10 (8-11) 10 (8-11) 10 (8-11) .69
Days of therapy® 12 (9-14) 12 (10-15) 11 (9-14) .28
AS off-hours (4:01 Pm—6:59 Av, (n=81) (n=39) (n=42)
Mon-Fri and all hours
Sat-Sun)
Time to narrowest 73 (67-125) 73 (60-138) 76 (52-115) .56
therapy, h

95 (69-174) 137 (70-207) 92 (70-135) .21
9 (8-12) 10 (8-12) 9 (8-12) 71
11(9-14) 10 (9-13) 11 (9-15) 41

Data are presented as median (interquartile range) unless otherwise indicated.
Abbreviations: AS, antimicrobial stewardship; cAST, conventional antimicrobial
susceptibility testing; rAST, rapid antimicrobial susceptibility testing.

@Pvalues were generated from Wilcoxon rank-sum test for continuous variables
and Fisher exact test or 4° test for categorical variables, between rAST and
cAST.

PLength of therapy was defined as the number of consecutive days the patient
received any antibiotic therapy. Any day in which the patient received a dose of
an antibiotic was counted as 1 day.

°Days of therapy was defined as the number of days a patient is on any particular
antibiotic and is cumulative for all antibiotics the patient received.

Time to oral therapy, h
Length of therapy®, d
Days of therapy®

antibiograms and AS practices can impact antibiotic use. A
third-generation cephalosporin resistance rate of only 9.8%
among Enterobacterales was observed here, compared to
18.4% in RAPIDS-GN, which can limit the availability of oral
therapies often necessary for hospital discharge. High rates of
B-lactam-susceptible Escherichia coli (84% susceptible to cefazo-
lin per the 2021 antibiogram, based on a susceptibility break-
point of <4)
narrow-spectrum oral therapy, with 69% of patients who re-
ceived oral therapy receiving a f-lactam. A combination of low

allows for streamlined transitions to

resistance rates and existing culture of aggressive oral transition
practices may have led to a decreased LOS.

All-cause 30-day mortality in our study was 2.9%, which is
lower than the reported mortality in the RAPIDS-GN (9.6%);
however, that study included patients without source control.
Similar to other studies, there was no difference in mortality
rates between groups. The only RCT of rAST to have reported
a difference in mortality is Doern and colleagues, who report-
ed a 5.7% decrease in attributable mortality [27]. The authors
conducted a similar method of rAST; however, comparison of
results is limited by the lack of AS intervention and diverse
isolate sources and organisms. Retrospective studies of rAST
have not demonstrated a difference in mortality but many
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Figure 2.  Time course of patient outcomes between rapid antimicrobial susceptibility testing (rAST) and conventional antimicrobial susceptibility testing (cAST). Outcomes
from the full cohort as reported in Table 2. Time points are reported as median values.

are not powered to detect differences [31, 32]. A systematic re-
view and meta-analysis of molecular RDT used for BSI found
an associated decrease in mortality with RDT when used in
combination with AS [17]. While the methods assessed in
this study do not include phenotypic rAST, these results are
encouraging.

Strengths of this study include the randomized design and a
method of rAST, which did not require purchase of a laborato-
ry platform or single-use panels. Many RDTs are supplementa-
ry tests that cannot fully replace traditional platforms since they
are limited in which bacteria and resistance genes they detect.
For example, the Biofire BCID panel used in the study by
Banerjee and colleagues detected only 81% of organisms
from blood cultures [26]. Similarly, Accelerate Pheno is not
currently US Food and Drug Administration approved to re-
port cefazolin, ampicillin, or trimethoprim-sulfamethoxazole
susceptibilities, which excludes their use in de-escalation [33].
Second, inclusion of AS intervention was a key component to
the study design, which has been shown to enhance out-
comes in combination with RDT [17]. Last, patients who
never received narrowest therapy were included in the anal-
ysis, which reflects intention to treat. In addition, it more
closely parallels real-world practice where AS recommenda-
tions may not always be accepted. Individual patient factors
that would require broader therapy were considered in the
determination of the primary outcome, which limits
confounding.

There are several limitations to this study. First, this study em-
ployed a unique exclusion criteria of infectious source control,
which led to postrandomization exclusion of 30 patients.
Similar proportions of patients (cAST: 58%, rAST 42%) between
groups were excluded for this reason (Supplementary Table 4);
however, it is still possible that postrandomization exclusion
led to unmeasured confounders between groups. Exclusion of
polymicrobial cultures also limits generalizability, though this

only accounted for 4.7% of patients. Second, clinicians and AS
personnel were not blinded, which could have influenced treat-
ment recommendations. Third, specific types and interventions
by AS were not fully captured as many were made via informal
channels such as phone calls or internal messaging systems
that were not linked to the medical record. Since AS personnel
were not blinded and recommendation acceptance rates were
not captured, this may have introduced bias that led to observed
differences between groups. To mitigate this, AS personnel uti-
lized a standard empiric treatment guideline and intervention
(Supplementary Figure 1 and Supplementary Table 1).
Although treating clinicians were blinded to the study group
and not informed of the study’s existence, they may have ob-
served faster times to AST results based on time stamps in the
electronic medical record or the result comment that included
the word “presumptive.” Though unlikely, this unblinding could
have influenced treatment decisions. Last, this study was per-
formed at a single healthcare system with one AS program,
which may limit generalizability. The study institutions also
rates (E
B-lactamase rate: 6%), which limits generalizability.

In this study of patients with GN-BSI, rAST did not signifi-
cantly decrease time to narrowest effective therapy, but did de-

have low resistance coli  extended-spectrum

crease time to administration of oral antibiotics and decreased
LOS. This LOS reduction resulted in an approximate $1.2 mil-
lion dollar cost-avoidance in the rAST group alone. There was
no direct cost of implementing rAST at the study institutions
since rapid identification via MALDI-TOF was already in place,
although indirect costs such as microbiologist time were not
evaluated. The cost-effectiveness of this method likely varies de-
pending on existing laboratory practices, patient populations,
and AS resources. In a subgroup analysis excluding patients re-
ceiving narrowest therapy prior to organism identification, time
to narrowest therapy was significantly shorter in the rAST group,
especially when combined with AS. Faster AST reporting in the
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setting of AS has the potential to facilitate early transitions to oral
therapy and hospital discharge. Direct blood culture inoculation
of existing microbiology laboratory platforms is an alternative
method for optimizing patient outcomes compared to commer-
cial platforms.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.
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