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Background

Microbiological results frequently finalize after patients are discharged from the
emergency department (ED), necessitating efficient, accurate follow-up to optimize
antimicrobial therapy and ensure appropriate patient care. Direct, head-to-head
comparisons of culture follow-up models with and without clinical pharmacist
involvement remain limited.

Objective

The purpose of this study is to compare time from culture result to initial review between
a main ED with clinical pharmacist involvement and two external EDs without
pharmacist involvement.

Methods

This single-center retrospective, observational study evaluated patients discharged from
three EDs within one health system (August 2023 — February 2024) whose microbiology
results finalized post-discharge. Clinical pharmacists reviewed cultures prior to advanced
practice provider follow-up within the main ED, while external EDs managed follow-up
without pharmacist involvement. The primary outcome was time from culture result to
initial review. Secondary outcomes included callback intervention errors, time to first
attempted patient contact, time to callback completion, and readmission rates. Data were
analyzed using IBM SPSS (version 30.0). Categorical variables were compared with
Pearson’s chi-square or Fisher’s exact test. Continuous variables were analyzed with
Student’s t-test or Mann—-Whitney U test, based on distribution.

Results

Among 300 patients (main ED, n=150; external EDs, n=150), the median time from
culture result to initial review was shorter with pharmacist involvement: 3.1 hours [IQR
1.1-5.3] versus 8.8 hours [IQR 3.8-23.9] (p < 0.001). Median time from culture result to
callblack completion was also shorter: 5.2 hours [1.7-27.3] versus 25.0 hours [5.8-57.6] (p
< 0.001). Callback interventions were more often error-free in the pharmacist model
(91.3% versus 77.3%, p = 0.001); the most common error at EDs without pharmacist
involvement was antimicrobial initiation without indication (8.0%). No statistically
significant differences were observed in time to first attempted patient contact, time to
new prescription sent, prescription fill after contact, 30-day hospitalization for the same
condition, or readmission.

Conclusion

Integrating clinical pharmacists into ED culture follow-up workflow was associated with
faster initial review, callback completion, and fewer callback intervention errors, without
detectable differences in downstream healthcare utilization. EDs should consider
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pharmacist-integrated models to enhance the timeliness of post-discharge culture

management.

INTRODUCTION

The Centers for Disease Control and Prevention (CDC) esti-
mated 139.8 million visits to emergency departments (ED)
in 2021.1 Evaluation for suspected bacterial infection is
common, and associated microbiological results often fi-
nalize after ED discharge, requiring reliable post-discharge
culture follow-up workflows to ensure timely, accurate ac-
tion on new information. Effective culture follow-up ser-
vices aim to rapidly review finalized results and promptly
contact patients when an intervention is needed. Inter-
ventions might include optimizing or discontinuing antibi-
otics, communicating results to primary care, arranging ad-
ditional testing, and providing patient education.? By
facilitating appropriate antimicrobial therapy, these pro-
grams help reduce treatment failure and other downstream
harms.

Implementation models vary widely across institutions.
Reported personnel include medical doctors (MDs), ad-
vanced practice practitioners [APPs, including nurse practi-
tioners (NPs) and physician assistants (PAs)], clinical phar-
macists and pharmacy residents, microbiology lab staff, and
registered nurses (RNs) — often in different combinations
and with differing scopes of responsibility.2 Although many
EDs incorporate clinical pharmacists in culture follow-up
review services, direct, contemporaneous comparisons of
programs with versus without pharmacist involvement re-
main limited. This study compares the time from culture
result to initial review between a main ED with clinical
pharmacist involvement and two external EDs without
pharmacist involvement. Secondary outcomes evaluate
process and safety domains, including time to first at-
tempted patient contact and errors in callback interven-
tions.

METHODS

STUDY DESIGN AND SETTING

This single-center retrospective, observational, cohort
study was approved by the East Alabama Health (EAH) and
Auburn University Institutional Review Boards with waived
informed consent. Guidance from the EQUATOR Network
was utilized in the development of this study and manu-
script.34 The study site, East Alabama Health, serves an
11-county area and is comprised of a main hospital and
ED, a free-standing ED (FED), and a rural emergency hos-
pital (REH). The main hospital ED has 34 beds serving
around 40,000 patients per year, the FED has 12 beds serv-
ing around 25,000 patients per year, and the REH has 10
beds serving around 16,000 patients per year.

CULTURE FOLLOW-UP WORKFLOW

Within the main ED, pharmacists initially perform culture
review with final review by an APP. As with the APPs, this

task is in addition to their normal workload. For the FED
and REH, APPs are responsible for culture review without
pharmacist involvement. Review and assessment take place
during the shift and vary based on location. Pharmacists
cover daily at the main ED from 11:00 a.m. to 10:00 p.m.
while APPs cover 24h at the FED, and 12h at the REH. At
each location, microbiological culture results populate on
an ED culture follow-up dashboard within the electronic
health record (EHR), Cerner™. In real-time, the dashboard
populates positive results that finalize post-discharge from
the ED and also links to the patient’s profile and relevant
ED visit within the EHR. Personnel can write comments
and free-text recommendations within the ED culture fol-
low-up dashboard. Within the main ED, pharmacists pro-
vide free-text recommendations within the ED culture fol-
low-up dashboard and flag the item for provider review. The
provider either accepts, rejects, or modifies the recommen-
dation and a registered nurse calls in the prescription to
the patient’s preferred pharmacy. The registered nurse at-
tempts to call the patient, leaves voicemails as necessary,
and sends a letter if no call back received. A callback qual-
ifies for completion if the following conditions are met: (1)
patient is contacted, or (2) if a message is left by the nurse.
If no answer, the nurse makes a second attempt in 24 hours.
If no answer after the second call, a letter is sent to the
patient. Of note, positive blood culture results are phoned
to the charge RN before populating on the ED culture-fol-
low-up dashboard. Workflow for the intervention and con-
trol group is described in Figure 1.

STUDY POPULATION

The study evaluated patients who had positive microbiol-
ogy data resulting after discharge from any of the three EDs
between August 2023 through February 2024. Patients were
excluded from the study if they were discharged to comfort
care or hospice from the ED, were admitted to EAH as inpa-
tient from the ED, were transferred to another facility from
the ED, or if they expired during their ED visit.

DATA COLLECTION

The institution’s EHR was utilized to generate a list of pa-
tients from all three EDs with cultures resulting post-dis-
charge. Data were collected from chart review by two study
team members, with complex cases brought to the primary
author for adjudication. Authors decided a priori to include
300 patients in the study with 150 patients from the main
ED and 75 patients from each external ED as a convenience
sample to ensure project completion during the pharmacy
residency year. Based on an estimated reduction in time to
initial patient contact of approximately 12 hours per prior
literature, 256 patients would be needed to meet 80% power
with alpha set at 0.05. This power calculation supported our
convenience sample of 300 patients.5~10
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Figure 1. Culture Follow-Up Workflows
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Figure 1. Culture Follow-Up Workflows

OUTCOMES

The primary outcome was time from culture result to initial
culture review. Culture result time was defined as the time
the culture was marked as finalized by the microbiology
laboratory. Secondary outcomes included time from culture
result to first attempted patient contact. Time of first at-
tempted patient contact was defined as the first time docu-
mented within the health record (within the ED culture fol-
low-up dashboard) that personnel attempted to contact the
patient. Other secondary outcomes included type of phar-
macist intervention (e.g. agent changed, dose changed, du-
ration changed); acceptance rate of pharmacist interven-
tions by APP; method and necessity to contact patient; and
accuracy of callback interventions. Definitions of poten-
tial callback intervention errors were determined a priori
through consensus among study investigators. The primary
author (a PGY-2 emergency medicine pharmacy resident at
the time of data collection) assessed for errors, with adju-
dication by the senior author, a board-certified infectious
disease pharmacist). Errors were categorized as follows: an-
timicrobial not active against the identified pathogen
(“bug-drug mismatch”); incorrect antimicrobial dose/fre-
quency (based on the institution’s pharmacy and thera-
peutics committee-approved renal dosing protocol, supple-
mented with UpToDate® Lexidrug™ for agents not
included in the protocol); duration shorter than guideline

recommendations; allergy to prescribed antimicrobial; no
documentation of patient contact or follow-up by callback
nurse; antimicrobial initiation with no indication (e.g.,
asymptomatic bacteriuria treatment); no review performed
by APP or pharmacist; and prescription that differed from
the intended order as documented in the culture follow-up
dashboard.

Consistent with Clinical & Laboratory Standards Insti-
tute (CLSI) guidance, intravenous cefazolin breakpoints
were used to predict susceptibility for oral cephalosporins
commonly used for uncomplicated urinary tract infections,
and ampicillin susceptibility was used to infer activity of
amoxicillin.11

We also assessed rate of prescriptions filled after culture
follow-up contact, using insurance claims data in the exter-
nal fill history from the EHR; rate of hospitalization for the
same condition within thirty days; and rate of ED re-visit.

STATISTICAL ANALYSIS

Data analysis was conducted via IBM SPSS version 30.0.0.0.
Categorical data was analyzed via Pearson’s chi-square or
Fisher’s exact test and are reported as n (%). Continuous
data was analyzed via Student’s t-test or Mann-Whitney U
based upon distribution and reported as mean * SD or me-
dian [IQR] respectively. Statistical significance was defined
by a 2-tailed p-value < 0.05.
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RESULTS

A total of 7,049 microbiological cultures were screened dur-
ing the study period. Of these, 2,314 were excluded (85 col-
lected prior to registration in the ED; 2,229 resulted prior to
ED discharge), leaving 4,735 eligible cultures. From these,
the patient list was randomized to minimize temporal bias,
and patients were reviewed until the target of 300 patients
was met. In all, 414 patients were reviewed for inclusion/
exclusion criteria until the target of 300 patients was met;
114 patients were excluded (main ED, n=56; external EDs,
n=58), most commonly for duplicate encounters (Figure 2).
The final cohort included 300 patients (main ED, n=150; ex-
ternal EDs, n=150).

Baseline characteristics are shown in Table 1. Patients in
the main ED were older (median age 52 years [IQR 27-74]
vs. 39.5 years [IQR 23-66.3]; p = 0.016) and were less likely
to present to the ED for infection (64.0% vs. 76.7%; p =
0.023). The distribution of culture types was similar be-
tween groups, with urine cultures predominating (main ED
76.0% vs. external 72.0%), followed by pustule/abscess cul-
tures (10.0% vs. 9.3%).

The median time from culture result to initial review was
significantly shorter at the main ED with clinical pharma-
cist involvement (median 3.1 hours [IQR 1.1-5.3]) than at
the external EDs without pharmacist involvement (median
8.8 hours [IQR 3.8-23.9]; p < 0.001). Time from result to
callback completion was also shorter in the intervention
group (5.2 hours [IQR 1.7-27.3] vs. 25.0 hours [5.8-57.6]; p
< 0.001). Initial review was performed by pharmacists in
88.7% of main ED encounters and by APPs in 96.7% of ex-
ternal ED encounters (p<0.001). Median time from culture
result to time that a new prescription was sent/called in did
not differ, nor did the time from culture result to first at-
tempted patient contact (Table 2).

Errors in ED callback interventions were less frequent in
the main ED with pharmacist involvement (error-free call-
backs 96% vs. 81%, p = 0.001). In the control group, the
most common error type was antimicrobial initiation with-
out indication: 10 of 11 cases involved inappropriate treat-
ment of asymptomatic bacteriuria (ASB), and one case in-
volved antibiotic treatment for diarrhea. Two patients in
the control group received antibiotics despite documented
allergies (one sulfonamide allergy prescribed trimethoprim/
sulfamethoxazole; one penicillin allergy prescribed amox-
icillin/clavulanate). Five errors reflected untreated infec-
tious indications in the control group (bacteremia, Gard-
nerella vaginalis, CTDNA-positive, and two wound/tissue
infections). Notably, the bacteremia case had been docu-
mented by an APP as “no action needed” and was later
identified by a stewardship pharmacist upon review of
blood culture reports, leading to the patient returning to
the ED for treatment. Within the main ED, one untreated
indication error occurred when a patient with pyelonephri-
tis was treated with nitrofurantoin. In this case, despite be-
ing in the pharmacist-integrated model, the culture was not
reviewed by a pharmacist. Of the 6 total errors in the main
ED group, only two were attributable to pharmacist actions:
one instance of ASB treatment following pharmacist rec-

ommendation and one dosing error in which amoxicillin
was prescribed TID rather than renally adjusted BID for re-
duced renal function. All remaining errors originated from
downstream RN or APP actions rather than pharmacist re-
view.

There were no statistically significant differences be-
tween groups in the rate of prescription fill after contact,
30-day hospitalization for the same condition, or ED revisit.
Detailed outcomes appear in Table 2.

DISCUSSION

In this contemporaneous, multi-ED comparison, integrat-
ing clinical pharmacists into ED culture follow-up was as-
sociated with substantially faster initial review and patient
contact and with fewer errors in callback interventions. The
absolute median improvement in time to review was ~5
hours, and the pharmacist-integrated model achieved call-
back completion nearly five times faster, underscoring a
meaningful operational and safety advantage in acting on
finalized microbiology. Timelier review and outreach can
prevent treatment delays for resistant or mis-targeted in-
fections, reduce unnecessary antimicrobial exposure when
cultures indicate no treatment is warranted, and accelerate
communication of results and follow-up plans - all patient-
safety benefits in the post-discharge window. Our findings
align with the overall direction of prior work demonstrating
that pharmacist-involved programs shorten time-based
outcomes and improve process reliability in ED culture fol-
low-up models.

In this study, time from culture result to initial review
was reduced in a main ED with pharmacy involvement. This
aligns with other studies evaluating clinical pharmacist in-
tegration in culture follow-up, which consistently demon-
strate time benefits with pharmacist involvement.5"%!! In
previous literature, time from culture result to initial re-
view among ED culture follow-up programs ranged from 0.8
to 47.9 hours.2 The median time in our study of 3.1 hours
was within this range and on the faster end of this range.
This might be explained in part by the real-time dashboard
integrated within the EHR for culture follow-up results and
documentation of actions. Published studies use hetero-
geneous time endpoints—e.g., time from result to review,
time to patient notification/contact, and time to order en-
try or therapy optimization—and differ in staffing models
(dedicated pharmacist hours vs pharmacists embedded in
broader clinical duties), hours of coverage, and division of
labor between pharmacists, APPs, and RNs.5-20 Against this
backdrop, the absolute median reduction of ~5 hours in
time to initial review observed here is directionally consis-
tent with pharmacist-integrated programs and sits within
the range reported by before-after and service-implemen-
tation studies. It is important to note that our study ob-
served a reduction in time to initial review, even though
pharmacists were not dedicated to culture review exclu-
sively. This context supports the external validity of our
work while acknowledging that endpoint definitions and
operational designs drive between-study variability.
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Figure 2. Inclusion Flowchart
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Figure 2. Inclusion Flowchart

Our study also saw a significant reduction in callback-in-
tervention errors with pharmacist oversight, which is clini-
cally and operationally important. Notably, while all errors
represent opportunities for process improvement, a subset
of errors were potential harmful clinically. No harmful er-
rors occurred in the pharmacist-integrated model, whereas
14 occurred in the external EDs. These included untreated
infections, dosing errors, antimicrobial prescribing in the
setting of documented allergy, and cases in which the final
dispensed prescription did not match the intended order.

The disproportionate number of harmful errors in the ex-
ternal EDs reinforces the value of pharmacist adjudication,
particularly during complex decision-making scenarios.
Several errors (e.g., inappropriate treatment of asympto-
matic bacteriuria) were unlikely to cause short-term harm
but nevertheless reflect modifiable stewardship opportuni-
ties. In the external EDs, the leading error was initiating
antimicrobials without indication (7%), with 10 of 11 cases
due to inappropriate treatment of ASB. Almulhim and col-
leagues found a higher percentage of appropriate interven-
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Table 1. Baseline Characteristics

Intervention Group (main ED with Control Group (external EDs without
Variable pharmacist involvement) pharmacist involvement) P-value
(n=150) (n=150)
aﬁi‘f;;gsar’:eﬁ;m‘fé;] 52[27-74] 39.5[23-66.3] 0016
Sex, no. (%) 0.459
Male 31(20.7) 25(16.7)
Female 119(79.3) 125(83.3)
Race, no. (%) 0.772
Caucasian 77 (51.3) 71(47.3)
African American 62 (41.3) 70(46.7)
Asian 2(1.3) 1(0.7)
Other/Unknown 9(6.0) 8(5.3)
Pregnant 0.601
Not applicable 31(20.7) 25(16.7)
Yes 10(6.7) 10(6.7)
No 108 (72.0) 115(75.7)
Unable 1(0.7) 0(0)
Reason for ED Visit 0.023
Infection related 96 (64.0) 115(76.7)
Non-infection related 54 (36.0) 35(23.3)
Test/Cu;gi;?gg;ﬁgfsultmg 0.062
Urine 112(76.0) 108 (72.0)
Pustule/Abscess 15(10.0) 14(9.3)
Blood 11(7.3) 5(3.3)
Chlamydia 6(4.0) 4(2.7)
Stool 3(2.0) 2(1.3)
Tissue 2(1.3) 5(3.3)
Surgical Incision 1(0.7) 0(0)
Respiratory 0(0) 9 (6.0)
Gonorrhea 0(0) 2(1.3)
Anaerobic 0(0) 1(0.7)
Decubitus 0(0) 1(0.7)
Herpes 0(0) 1(0.7)

ED = emergency department; IQR = interquartile range; N/A = not applicable; WBC = white blood cells; RPM = respirations per minute; BPM = beats per minute

tions in the pharmacist group compared to an APP group,
also driven largely by the inappropriate treatment of ASB.21
These patterns suggest complementary improvement op-
portunities: (1) targeted stewardship education and (2) cul-
ture ordering guidance (e.g., limiting urine cultures when
symptoms are absent) to prevent cascades that drive unnec-
essary treatment.

Despite earlier review and outreach, the time from result
to first attempted patient contact and to new prescription
sent was similar between groups. This step was largely RN-
driven after provider sign-off in both models, creating a
common downstream bottleneck that attenuates any up-
stream gains from faster pharmacist review. In some ED
culture follow-up models, clinical pharmacists assume re-

sponsibility for the full continuum of after-visit result man-
agement, including entering and pending antimicrobial or-
ders directly, requiring only an APP co-signature, and
completing the patient callback themselves.10.22 Such
models reduce reliance on downstream RN-driven commu-
nication steps and may mitigate transcription errors that
arise when free-text recommendations must be manually
relayed. Still other culture follow-up models include collab-
orative practice agreements in which pharmacists can inde-
pendently prescribe and make medication changes.!8:23 Ju-
risdictional variability in collaborative practice agreement
requirements may influence the feasibility of fully pharma-
cist-led pathways; however, these examples illustrate that
expanding pharmacist authority can streamline the entire
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Table 2. Outcomes

Intervention Group (main ED

Control Group (external EDs
without pharmacist

Outcome with pharm(zrl:;iitsi(;l)\/olvement) involvement) P-value
(n=150)
Primary Outcome
Time from culture [rleQSE']t fo inftialreview 3.1[1.1-53] 8.8[3.8-23.9] <0.001
Secondary Outcomes
Tgfnf;;’er;grf'ﬂzlf:‘a'é%cﬁggfsck 5.2[17-27.3] 25.0[5.8-57.6] <0001
Time from culture result to.ﬁrst n=54 n=71
attempted pahent{gg?act, median hours 28.8[21.4-66.4] 46.1[24.2-81.6] 0.098
Tim_e f.rom culture rgsult to new n=18 n=26 0.377
prescription sent, median hours [IQR] 45.8[24.4-58.6] 47.4[25.4-103.9]
Personnel performing initial review of <0001
culture, no. (%)
APP 17(11.3) 145 (96.7)
Pharmacist 133(88.7) 2(1.3)
RN 0(0) 3(2.0)
Type of intervention performed, no. (%) 0.126
None 92(61.3) 81(54.0)
Agent changed 31(20.7) 44(29.3)
Duration changed 3(2.0) 0(0)
Readmission recommended 7(4.7) 4(2.7)
Patient well check 17 (11.3) 21(14.0)
Error in ED callback intervention 0.001
No 144 (96) 122(81)
Yes 6(4) 28(19)
Type of error in callback intervention, no. 0.003
(%)
None 144 (96) 122(81)
Frequency 1(1) 4(3)
Duration too short 0 2(1)
Infectious diagnosis without treatment 1(1) 5(3)
Antimicrobial initiatign v.vith.no 1(1) 11(7)
indication
Allergy 0(0) 2(1)
No provider review 2(1.3) 2(1.3)
No documentation of well check 1(0.7) 1(0.7)
Prescription different from order 0(0) 1(0.7)
Intervention requirid patient contact, 55(36.7) 73(48.7) 0.047
no. (%)
Method of patient contact, no. (%) 0.068
N/A 97 (64.7) 77 (51.3)
Phone 41(27.3) 50(33.3)
Letter 12(8.0) 22(14.7)
Unable to Reach 0(0) 0(0)
Contact not Documented 0(0) 1(0.7)
Documentation of prescription fill in 0.294
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. . Control Group (external EDs
Intervention Group (main ED without pharmacist
Outcome with pharmacist involvement) . Ip P-value
(n=150) involvement)
(n=150)
claims history, no. (%)
N/A 123(82.0) 112(74.7)
Yes 14(9.3) 21(14.0)
No 13(8.7) 17 (11.3)
Hospltal|zat|onc\évll‘]tcl;i|tri103;]0 days for same 19(12.7) 10(6.7) 0.122
ED revisit within 30 days for same 10(6.7) 16 (10.7)
condition
Re-Visit Recommended 8(5.3) 8(5.3) 1.000

ED = emergency department; IQR = interquartile range; N/A = not applicable

culture follow-up process and potentially amplify timeli-
ness gains.

As in several prior reports, our study did not detect dif-
ferences in 30-day hospitalization or ED revisits.%7,10-12,18,
24-26 Gjven the sample size and the multifactorial nature
of these endpoints, the study may be underpowered to de-
tect modest differences; moreover, social and access factors
(transportation, pharmacy hours, out-of-pocket costs)
likely dilute the effect of process improvements on uti-
lization metrics. These null findings should not be inter-
preted as lack of clinical value; rather, they highlight the
need for larger, possibly multicenter evaluations and for
patient-centered outcomes (symptom resolution, adverse
drug events, satisfaction) that are more proximal to stew-
ardship impact.

STRENGTHS AND LIMITATIONS

Strengths include the contemporaneous, head-to-head
comparison of pharmacist-integrated versus non-pharma-
cist models within the same health system and standard-
ized use of an ED culture follow-up dashboard, as well as
inclusion of diverse culture types. External generalizability
is strengthened by the fact that clinical pharmacy involve-
ment in culture follow-up services were not available 24
hours a day within the intervention group. Key limitations
include baseline imbalances (age, presenting complaint),
single-center design, reliance on EHR timestamp proxies
(with potential overestimation of blood-culture timeliness
because critical results are phoned to the charge RN before
final result time), and use of claims-based fill history that
may undercount cash prescriptions. Additionally, two cases
in the control group were reviewed by a pharmacist. APPs
at external EDs could informally consult pharmacists, po-
tentially biasing effects toward the null, though there was
no formalized process or assigned duties for pharmacists to
review culture follow-ups at external EDs. Finally, the study
was not powered for clinical utilization outcomes.

Journal of Acute Care Pharmacotherapy

CONCLUSION

Our results support integrating clinical pharmacists into
ED culture follow-up as a pragmatic means to accelerate
action and reduce errors. Further, the reduction in errors
may be used as support for development of collaborative
practice agreements or pharmacist prescribing in jurisdic-
tions where pharmacists are eligible for advance practi-
tioner privileges. Future research should evaluate cost-ef-
fectiveness, patient-reported outcomes, time from order to
medication in hand, and coverage models (e.g., after-hours
or 7-day service). Workflow downstream from initial review
should be evaluated to improve timeliness of patient con-
tact. Studies should also compare pharmacist-led models
with enhanced APP training to determine whether similar
gains in timeliness and error reduction can be achieved.
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