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Evidence-based guidelines for implementation and measurement of antibiotic stewardship interventions in inpatient populations in-
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EXECUTIVE SUMMARY

Antibiotic stewardship has been defined in a consensus state-
ment from the Infectious Diseases Society of America (IDSA),
the Society for Healthcare Epidemiology of America (SHEA),
and the Pediatric Infectious Diseases Society (PIDS) as “coordi-
nated interventions designed to improve and measure the ap-
propriate use of [antibiotic] agents by promoting the selection
of the optimal [antibiotic] drug regimen including dosing, du-
ration of therapy, and route of administration” [1]. The benefits
of antibiotic stewardship include improved patient outcomes,
reduced adverse events including Clostridium difficile infection
(CDI), improvement in rates of antibiotic susceptibilities to tar-
geted antibiotics, and optimization of resource utilization across

the continuum of care. IDSA and SHEA strongly believe that
antibiotic stewardship programs (ASPs) are best led by infec-
tious disease physicians with additional stewardship training.

Summarized below are the IDSA/SHEA recommendations for
implementing an ASP. The expert panel followed a process used in
the development of other IDSA guidelines, which included a sys-
tematic weighting of the strength of recommendation and quality
of evidence using the GRADE (Grading of Recommendations As-
sessment, Development and Evaluation) system (Figure 1) [2–5].
A detailed description of the methods, background, and evidence
summaries that support each of the recommendations can be
found online in the full text of the guidelines. For the purposes
of this guideline, the term antibiotic will be used instead of anti-
microbial and should be considered synonymous.

RECOMMENDATIONS FOR IMPLEMENTING AN
ANTIBIOTIC STEWARDSHIP PROGRAM

Interventions

I. Does the Use of Preauthorization and/or Prospective Audit and Feedback
Interventions by ASPs Improve Antibiotic Utilization and Patient Outcomes?
Recommendation

1. We recommend preauthorization and/or prospective audit
and feedback over no such interventions (strong recommen-
dation, moderate-quality evidence).
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XVIII. In Adults in Intensive Care Units (ICUs) With Suspected Infection,
Should ASPs Advocate Procalcitonin (PCT) Testing as an Intervention to
Decrease Antibiotic Use?
Recommendation

19. In adults in ICUs with suspected infection, we suggest the
use of serial PCT measurements as an ASP intervention to
decrease antibiotic use (weak recommendation, moderate-
quality evidence).

Comment: Although randomized trials, primarily in
Europe, have shown reduction in antibiotic use through im-
plementation of PCT algorithms in the ICU, similar data are
lacking for other regions including the United States where the
patterns of antibiotic prescribing and approach to stewardship
may differ. If implemented, each ASP must develop processes
and guidelines to assist clinicians in interpreting and respond-
ing appropriately to results, and must determine if this inter-
vention is the best use of its time and resources.

XIX. In Patients With Hematologic Malignancy, Should ASPs Advocate
for Incorporation of Nonculture-Based Fungal Markers in Interventions
to Optimize Antifungal Use?
Recommendation

20. In patients with hematologic malignancy at risk of con-
tracting invasive fungal disease (IFD), we suggest incorporat-
ing nonculture-based fungal markers in ASP interventions to
optimize antifungal use (weak recommendation, low-quality
evidence).

Comment: ASPs with an existing intervention to optimize
antifungal use in patients with hematologic malignancy can
consider algorithms incorporating nonculture-based fungal
markers. Those interventions must be done in close collabo-
ration with the primary teams (eg, hematology-oncology).
Antibiotic stewards must develop expertise in antifungal
therapy and fungal diagnostics for the programs to be suc-
cessful. The value of those markers for interventions in
other populations has not been demonstrated.

Measurement
XX. Which Overall Measures Best Reflect the Impact of ASPs and Their
Interventions?
Recommendation

21. We suggest monitoring antibiotic use as measured by days
of therapy (DOTs) in preference to defined daily dose (DDD)
(weak recommendation, low-quality evidence).

Comment: Every ASP must measure antibiotic use, strati-
fied by antibiotic. DOTs are preferred, but DDDs remain an
alternative for sites that cannot obtain patient-level antibiotic
use data. ASPs should consider measurement of appropriate
antibiotic use within their own institutions by examining
compliance with local or national guidelines, particularly
when assessing results of a targeted intervention, and share

that data with clinicians to help inform their practice. Al-
though rates of CDI or antibiotic resistance may not reflect
ASP impact (because those outcomes are affected by patient
population, infection control, and other factors), those out-
comes may also be used for measurement of targeted
interventions.

XXI. What is the Best Measure of Expenditures on Antibiotics to Assess
the Impact of ASPs and Interventions?
Recommendation

22. We recommend measuring antibiotic costs based on pre-
scriptions or administrations instead of purchasing data
(good practice recommendation).

XXII. What Measures Best Reflect the Impact of Interventions to Improve
Antibiotic Use and Clinical Outcomes in Patients With Specific
Infectious Diseases Syndromes?
Recommendation

23. Measures that consider the goals and size of the syndrome-
specific intervention should be used (good practice
recommendation).

Special Populations
XXIII. Should ASPs Develop Facility-Specific Clinical Guidelines
for Management of Fever and Neutropenia (F&N) in Hematology-
Oncology Patients to Reduce Unnecessary Antibiotic Use and Improve
Outcomes?
Recommendation

24. We suggest ASPs develop facility-specific guidelines for
F&N management in hematology-oncology patients over
no such approach (weak recommendation, low-quality evi-
dence).

Comment: Clinical guidelines with an implementation
and dissemination strategy can be successfully used in the
care of cancer patients with F&N and are strongly
encouraged.

XXIV. In Immunocompromised Patients Receiving Antifungal Therapy,
do Interventions by ASPs Improve Utilization and Outcomes?
Recommendation

25. We suggest implementation of ASP interventions to
improve the appropriate prescribing of antifungal treatment
in immunocompromised patients (weak recommendation,
low-quality evidence).

Comment: In facilities with large immunocompromised
patient populations, ASP interventions targeting antifungal
therapy can show benefit. Those interventions must be
done in close collaboration with the primary teams (eg he-
matology-oncology, solid organ transplant providers). Anti-
biotic stewards must develop expertise in antifungal therapy
and fungal diagnostics for the programs to be successful.
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Standards Institute [21]. Multidrug resistant (MDR) bac-
teraemia was defined as a BSI with methicillin-resistant
staphylococci or vancomycin-resistant enterococci for
Gram-positive bacteria or as resistance to three or more
classes of antimicrobial agents for Gram-negative bacteria.

Outcome and follow-up
The primary outcome of the study was mortality 28 days
after the onset of FN. Patients were followed up through
interviews and medical record reviews using a standar-
dised case report form by researchers who were not asso-
ciated with the attending physician’s team. Follow-up was
maintained for 28 days after the onset of fever in FN pa-
tients. For patients who were discharged before 28 days,
follow-up phone calls were made on the 28th day after the
onset of FN to determine whether they were still alive; if a
patient was deceased at the time of the phone call, the sur-
vival time was calculated based on the date of death re-
ported by the family. A second episode of FN in the same
patient was considered only if the patient remained free of
signs or symptoms of infection for at least 7 days after the
completion of the treatment for the first episode and if all
causative organisms were eradicated.

Statistical analysis
Observational studies are often limited by an imbalance
in both known and unknown confounders, which make

some FN patients more likely to receive antimicrobial
treatment according to ASP guidelines than to receive
other antimicrobial treatments. Therefore, we applied a
propensity score adjustment to balance baseline charac-
teristics and to reduce the probability of treatment selec-
tion bias. The propensity score (probability of receiving
an antibiotic recommended by the ASP) was calculated
using a stepwise multivariate logistic regression model,
in which the dependent variable was treatment accord-
ing to ASP guideline; all variables that were considered
to potentially influence antimicrobial prescribing and
that had a P value < 0.20 in a univariate analysis were in-
cluded. In the multivariate model, independent variables
were eliminated from the highest to the lowest P value
but remained in the model if the P value was < 0.05
(backward method). The validity of the model was
assessed by estimating the area under the receiver oper-
ating characteristics (ROC) curve using c-statistics. The
balance in the covariates across the study groups was
demonstrated by testing for differences in individual co-
variates between the ASP group and non-ASP group
after stratifying by quintiles of propensity scores. The
multivariate Cox proportional hazard model adjusted by
propensity score was used to assess the association of
ASP adherence with 28-day mortality, and all covariates
with a P-value < 0.15 in a univariate analysis were in-
cluded. In the multivariate model, independent variables

Figure 1 Initial antimicrobial selection for the in-patient treatment of FN according to the ASP of the Hospital de Clínicas de Porto Alegre.
*High-risk patients = MASCC score < 21 points; Low-risk patients = MASCC score ≥ 21 points. Low-risk patients were treated with intravenous
antibiotics if they had one or more of the following: presence of clinical comorbidities, FN after high-dose chemotherapy, expectation of
duration of neutropenia > 7 days, documented infection, clinical instability (e.g. hypotension, acute respiratory failure, acute renal failure) and
gastrointestinal intolerance (e.g. severe mucositis, vomiting). ASP, antimicrobial stewardship program; FN, febrile neutropaenia; MASCC,
Multinational Association for Supportive Care in Cancer.

Rosa et al. BMC Infectious Diseases 2014, 14:286 Page 3 of 8
http://www.biomedcentral.com/1471-2334/14/286

Rosa RG, et al. BMC Infect Dis. 2014 May;14:286.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosa%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=24884397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Association+between+adherence+to+an+antimicrobial+stewardship+program+and+mortality+among+hospitalised+cancer+patients+with+febrile+neutropaenia:+a+prospective+cohort+study


curve = 89%). Microbiological characteristics were not
entered into the propensity score modeling because its
results were unknown at the baseline.

Mortality
The 28-day mortality rate was significantly lower in pa-
tients who were treated according to the ASP recommen-
dations compared with the non-ASP group (log-rank
P = 0.02) (Figure 2).
In the univariate Cox proportional hazards model, 28-day

mortality during FN (Table 5) was associated with non-
adherence to the ASP recommendations (P = 0.001), relaps-
ing disease stages (P = 0.001), a confirmed BSI (P = 0.001), a
high-risk MASCC score (P < 0.001), hypotension at the
time of diagnosis of FN (P < 0.001) and time to anti-
biotic therapy > 1 h (P = 0.001). After the propensity
score-weighted multivariate analysis (Table 6), the

variables that constituted independent predictors for
mortality included presentation with relapsing disease
stages (P = 0.003), a confirmed BSI (P = 0.003), a high-
risk MASCC score (P = 0.008), and time to antibiotic
therapy > 1 h (P = 0.001). Adherence to the ASP was
independently associated with a higher survival rate
(P = 0.03). Mortality was attributable to infection in all
29 patients who died.

Discussion
The present study showed that, after risk adjustment, hos-
pitalised FN cases treated according to ASP recommenda-
tions had a relative risk reduction in 28-day mortality of
64% compared with cases receiving antimicrobial treat-
ment non-adherent to ASP recommendations.
Our findings reinforce the relevance of appropriate ad-

herence to ASPs, and the importance of the continued
evaluation of these programs for the medical commu-
nity. ASPs are often based on the best-available evidence,
with consideration of local data on antimicrobial resist-
ance, and primarily seek to reduce morbidity and mor-
tality in patients for whom the protocols were designed.
Additionally, ASPs are often focused on implementing
strategies that prioritize the rational use of antimicro-
bials to reduce the incidence of antibiotic-resistant bac-
teria. This is of paramount importance in the current
scenario of bacterial multidrug resistance associated with
low availability of effective antibiotics to treat these
infections.
Previous studies have shown rates of mortality and ad-

herence to an ASP similar to those found in our cohort.
For example, Kuderer et al. reported in-hospital mortal-
ity of 9.5% in subjects with FN [22], and compliance to
an ASP was found in 56% of FN cases in a study by Jin
et al. [23]. The impact of ASP implementation on clin-
ical outcomes in different infectious diseases [24,25]
serves as a theoretical basis for the hypothesis that ASP
reduces mortality.
The relatively low adherence to the ASP found in our

study indicates the need for strategies to increase med-
ical adherence to ASPs. We hypothesise that noncompli-
ance with the ASP in our study is related to prescribing
practices of multi-tasking attending physicians, who do
not take time to consult the institutional ASP protocol.
In the present study, most FN cases non-adherent to the
ASP were treated with monotherapy even though there
was a high prevalence of specific factors that indicated the
need for changes in the initial antibiotic regimen (i.e., diar-
rhoea, perianal pain, hypotension, cutaneous manifest-
ation of infection, and suspected oral cavity infection).
Moreover, the prescribed antimicrobial spectrum was clas-
sified as insufficient in most cases in the non-ASP group.
The present study had some limitations. Antimicrobial

modifications during the course of FN were not

Table 4 Multivarate logistic model of baseline factors
significantly associated with antimicrobial treatment
according ASP guideline
Variables Odds

ratio
95% CI P-value

Age, years 1.03 1.007–1.06 0.01

Clinical comorbidity 0.40 0.18–0.89 0.02

Hypotension at the time of diagnosis of FN 0.04 0.01–0.15 <0.001

Diarrhoea at the time of diagnosis of FN 0.05 0.02–0.11 <0.001

Perianal pain at the time of diagnosis of FN 0.07 0.02–0.21 <0.001

Suspected source of oral cavity infections 0.05 0.01–0.22 <0.001

Cutaneous manifestations of infection 0.04 0.01–0.11 <0.001

Note: Variables entered into the model: age, clinical comorbidity, ANC at the
time of the diagnosis of FN, nosocomial-acquired FN, antibiotic use in the
previous 30 days, high-risk MASCC score, hypotension at the time of diagnosis
of FN, diarrhoea at the time of diagnosis of FN, perianal pain at the time of
diagnosis of FN, suspected source of oral cavity infections, and cutaneous
manifestations of infection.
CI, confidence interval.

Figure 2 Kaplan–Meier curves of 28-day mortality according
adherence to ASP after propensity score weighting.
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Table 1
Characteristics of the patients

Characteristic Total (N = 95) Pre-ASP (n = 50) Post-ASP (n = 45) P value

Age, mean ± SD (minimum-maximum), y 57 ± 15 (21-82) 57 ± 17 (18-82) 56 ± 15 (21-84) .781
Female sex 41 (43) 25 (50) 16 (36) .156
No. of FN attacks per patient (minimum-maximum) 1.6 (1-5) 1.63 (1-5) 1.57 (1-4) .725
Duration of neutropenia per FN attack, d 4.2 4.9 3.5 .100
Diagnosis
Leukemia 35 (37) 22 (44) 13 (29) .127
Lymphoma 26 (27) 12 (24) 14 (31) .437
Multiple myeloma 6 (6) 3 (6) 3 (6) .893
Solid tumors 4 (4) 2 (4) 2 (4) .914

Comorbidities
Diabetes mellitus 14 (13) 8 (16) 6 (13) .714
Chronic heart disease 27 (28) 16 (32) 11 (23) .414

MASCC score <21 (high risk) 81 (85) 45 (90) 36 (80) .352
Fatality 20 (21) 15 (30) 5 (11) .024

NOTE. Values are n (%) or as otherwise indicated.
ASP, antimicrobial stewardship program; FN, febrile neutropenia; MASCC, Multinational Association of Supportive Care in Cancer.

Table 2
Appropriateness of antimicrobials

Pre-ASP appropriateness/FN attack (%) Post-ASP appropriateness/FN attack (%) P value

Appropriateness of antimicrobials
Appropriate empirical use (step 1) 60/78 (77) 52/71 (73) .603
Appropriate adding or changing antimicrobial (step 2) 19/36 (53) 35/43 (81) .006
Appropriate continuation or de-escalation or discontinuation (step 3) 32/60 (53) 60/71 (85) <.001

ASP, antimicrobial stewardship program; FN, febrile neutropenia.

Table 3
Etiologic agents of infections during FN attacks

FN attacks (n = 152) Pre-ASP (n = 81) Post-ASP (n = 71) P value

Gram-positive bacteria 26 19 (23) 7 (10) .020
Staphylococcus spp 24 18 (22) 6 (8) .020

Staphylococcus epidermidis 11 8 (10) 3 (4) .180
Staphylococcus hominis 4 3 (4) 1 (1) .378
Staphylococcus haemolyticus 3 3 (4) 0 (0) .101
Staphylococcus auricularis 2 2 (2) 0 (0) .183
Staphylococcus capitis 2 1 (1) 1 (1) .925
Staphylococcus aureus 1 0 (0) 1 (1) .284
Staphylococcus mitis 1 1 (1) 0 (0) .348
Methicillin resistance 15 12 (67) 3 (50) .025

Enterococcus faecium 2 1 (1) 1 (1) .925
Gram-negative bacteria 50 35 (43) 15 (20) .003

Escherichia coli 19 12 (15) 7 (10) .357
Klebsiella pneumoniae 16 11 (14) 5 (7) .190
Pseudomonas aeruginosa 10 8 (10) 2 (3) .080
Acinetobacter 3 2 (2) 1 (1) .639
Salmonella 1 1 (1) 0 (0) .348
Klebsiella oxytoca 1 1 (1) 0 (0) .348
Carbapenem resistance 12 11 (31) 1 (7) .005

Fungal agents
Candida 26 16 (20) 10 (14) .354

Total 102 70 (86) 32 (45) .003

NOTE. Values are n (%) or as otherwise indicated.
ASP, antimicrobial stewardship program; FN, febrile neutropenia.

Table 4
Univariate and adjusted analysis for the effect of the ASP, post-ASP versus pre-ASP

Univariate Adjusted

OR 95% CI P value OR 95% CI P value

Appropriate continuation or de-escalation or discontinuation 4.7 2.1-10.82 <.001 4.3 1.82-10.41 .001
Gram-positive infections 0.41 0.15-1.06 .066 0.32 0.11-0.95 .041
Gram-negative infections 0.41 0.19-0.87 .02 0.44 0.18-1.08 .074
Candida infections 0.6 0.28-1.57 .356 0.7 0.26-2.25 .630
MASCC score <21 (high vs low risk) 0.71 0.24-2.09 .546 0.33 0.06-1.84 .208

ASP, antimicrobial stewardship program; CI, confidence interval; MASCC, Multinational Association of Supportive Care in Cancer; OR, odds ratio.
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AMY sonrası FEN hastalarında mortalite düştü. 
Uygun antibiyotik oranı yükseldi, toplam 
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Candida infeksiyonları azaldı. 
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Not:	Hastada	viral	etken	düşünülüyorsa	veya	hasta	grip	benzeri	hastalık	semptomları	taşıyorsa
ve	ek	olarak	hastanın	klinik	durumu	orta/ciddi	olarak	değerlendiriliyorsa	hastadan	influenza	hızlı	
test/Solunum	Yolları	Virüs	Paneli	(Multiplex	PCR)	istenebilir.	
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*	Viral	üst	solunum	yolu	
enfeksiyonu	iyileştikten	
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ÖNERİLMEZ.

Semptomatik	tedavi	
yeterlidir.
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A B S T R A C T

Objective: We aimed to demonstrate the benefits of implementing a clinical pathway to decrease the
inappropriate use of antibiotics in upper respiratory tract infections (URTI) in an emergency
department (ED).
Methods: The study was performed in a hospital with 300 beds. All patients who applied with URTI from
1st to 30th of April 2017 were included and the appropriateness of the antibiotics were compared with
the patients in the same period in 2016. A checklist for the clinical pathway of URTI was completed by the
ED physicians.
Results: 351 patients were included, 176 these patients were in pre-ASP period and 175 patients were in
post-ASP period. The rate of prescriptions including antibiotics was 49% in pre-ASP period and has
decreased to 29% in post-ASP period (p < 0.001). Adherence to clinical pathway has increased from 50% to
80% (p < 0.001). In the post-ASP period, clinical pathway was used in 133 out of 175 patients (76%) and
the consequently rate of appropriate antibiotic use was 82%.
Conclusion: The implementation of clinical pathway for URTI has decreased inappropriate antibiotic use
in ED. As the secondary effect, using clinical pathway in ED also has increased the awareness of ED
physicians who did not adhere to clinical pathway.
© 2019 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

The Organization for Economic Co-operation and Develop-
ment (OECD) Health Policy Studies reported that Turkey is one
of the countries with the highest rates of antimicrobial
resistance (2018), therefore control of antibiotic consumption
is an urgent need (Isler et al., 2019). Upper respiratory tract
infection (URTI) is one of the leading causes of outpatient
admission and antibiotic prescription (Shapiro et al., 2014;
Sharma et al., 2017; Steinman et al., 2003). High rates of
antibiotic consumption in URTI increase the risk of adverse
events, healthcare costs, and antimicrobial resistance (Grijalva
et al., 2009; Jenkins et al., 2013). Around half of the antibiotic

prescriptions in the emergency department (ED) are either
unnecessary or inappropriate (Jenkins et al., 2013).

Unnecessary antibiotic consumption in viral infections and
antimicrobial resistance has prompted the implementation of
antimicrobial stewardship programs (ASP). The ASPs including
implementation of national guidelines (Ouldali et al., 2017) and
pharmacist intervention (Davis et al., 2016; Santiago et al.,
2016; Zhang et al., 2017) have been shown to decrease
inappropriate antibiotic prescription in the ED. However, more
clinical data are needed (Barlam et al., 2016). The Guideline for
“Implementing an antibiotic stewardship” by the Infectious
Diseases Society of America (IDSA) has suggested facility-
specific clinical pathways to optimize prescribing practices for
areas of high antibiotic consumption. In this study we have
demonstrated  the benefit of implementing a clinical pathway
by decreasing inappropriate antibiotic prescription among the
patients with diagnosis of URTI in an emergency department.
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primary health care facilities (Isler et al., 2019). Inappropriate
antibiotic use in URTI has forced us to administer a clinical
pathway in ED to decrease antibiotic prescription. In this study, we
demonstrated the significant beneficial effect of a clinical pathway
for decreasing inappropriate antibiotic use among patients with
URTI in ED. Prescriptions including at least one antibiotic were
decreased, while antiviral use was increased and adherence to
clinical pathway was increased in the post-ASP period when
compared with pre-ASP period (Table 2).

The clinical pathway specific for the patients with febrile
neutropenia was shown to decrease inappropriate antimicrobial
use (Madran et al., 2018). In a recent study conducted in a tertiary
university hospital in France, several ASPs including local
treatment guidelines were implemented in ED and unnecessary
antimicrobial prescriptions were decreased after implementation
of these ASPs (Dinh et al., 2017).

We observed that the rate of appropriate  antibiotic use was
increased in the second phase, despite the fact that CP was not
applied among the patients (Figure 2). This observation could be

related to the influence of the clinical pathway to all the
physicians, despite lack of their full adherence to the CP.

Rapid microbiological diagnostic tests including Group A
Streprococcal rapid antigen test in ED are practical to discriminate
bacterial and viral URTI. In our study, Group A Streprococcal rapid
antigen test was a component of our clinical pathway and its
increased usage may have contributed to decreasing antibiotic
consumption. The rapid influenza diagnostic test was not used
frequently. This could be due to its lower sensitivity. Molecular
based tests were shown to decrease inappropriate antibiotic use in
patients with respiratory tract infection in recent studies (Branche
et al., 2015; Keske et al., 2018). In a study conducted in our center,
the impact of molecular rapid diagnostic test on ASP was assessed
in cases of URTI. It was shown that the rapid molecular test
decreased inappropriate antibiotic use in viral URTIs (Keske et al.,
2018). However, implementing this test in ED may not be practical
and cost effective.

The control group in our study was retrieved retrospectively;
this could be one of the limitations of our study, but a prospective
design would not be possible while we were improving the system.
In our algorithm, we suggested amoxicillin-clavulanic, although
amoxicillin was suggested in the IDSA guideline. This was because
of considering the acceptance rate of physicians. But, in the future,
amoxicillin-clavulanic acid could be replaced by amoxicillin. Our
study has shown the beneficial effects of implementing a clinical
pathway for URTI in decreasing antibiotic consumption; however,
long term follow-up is necessary.

In conclusion, the implementation of a clinical pathway for
URTI has significantly decreased inappropriate antibiotic use in
ED. The implementation of the ASP in ED has increased the
awareness of ED physicians who did not use the clinical
pathway.
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Table 2
Number of prescriptions.

Total
n = 351 (%)

Pre-
ASP
n = 176
(%)

Post-
ASP
n = 175
(%)

p

The number of the prescriptions
including antibiotics

137 (39) 85
(49)

52
(29)

<0.001

The number of the prescriptions
including antivirals

78 (22) 31 (18) 47
(26)

0.04

Adherence to clinical pathway 226 (64) 87
(50)

139
(80)

<0.001

Table 3
Laboratory Tests.

Total
n = 351 (%)

Pre-ASP
n = 176 (%)

Post-ASP
n = 175 (%)

p

Group A Streptococcal
rapid antigen test

48 (14) 3 (2) 45 (26) <0.001

Rapid Influenza A-B Test 62 (18) 29 (16) 33 (19) 0.559
Rapid Respiratory
Tract Virus Test

3 (1) 1 (1) 2 (1) 0.559

Figure 2. The evaluated patients with URTI in pre-ASP and post-ASP period.
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primary health care facilities (Isler et al., 2019). Inappropriate
antibiotic use in URTI has forced us to administer a clinical
pathway in ED to decrease antibiotic prescription. In this study, we
demonstrated the significant beneficial effect of a clinical pathway
for decreasing inappropriate antibiotic use among patients with
URTI in ED. Prescriptions including at least one antibiotic were
decreased, while antiviral use was increased and adherence to
clinical pathway was increased in the post-ASP period when
compared with pre-ASP period (Table 2).

The clinical pathway specific for the patients with febrile
neutropenia was shown to decrease inappropriate antimicrobial
use (Madran et al., 2018). In a recent study conducted in a tertiary
university hospital in France, several ASPs including local
treatment guidelines were implemented in ED and unnecessary
antimicrobial prescriptions were decreased after implementation
of these ASPs (Dinh et al., 2017).

We observed that the rate of appropriate  antibiotic use was
increased in the second phase, despite the fact that CP was not
applied among the patients (Figure 2). This observation could be

related to the influence of the clinical pathway to all the
physicians, despite lack of their full adherence to the CP.

Rapid microbiological diagnostic tests including Group A
Streprococcal rapid antigen test in ED are practical to discriminate
bacterial and viral URTI. In our study, Group A Streprococcal rapid
antigen test was a component of our clinical pathway and its
increased usage may have contributed to decreasing antibiotic
consumption. The rapid influenza diagnostic test was not used
frequently. This could be due to its lower sensitivity. Molecular
based tests were shown to decrease inappropriate antibiotic use in
patients with respiratory tract infection in recent studies (Branche
et al., 2015; Keske et al., 2018). In a study conducted in our center,
the impact of molecular rapid diagnostic test on ASP was assessed
in cases of URTI. It was shown that the rapid molecular test
decreased inappropriate antibiotic use in viral URTIs (Keske et al.,
2018). However, implementing this test in ED may not be practical
and cost effective.

The control group in our study was retrieved retrospectively;
this could be one of the limitations of our study, but a prospective
design would not be possible while we were improving the system.
In our algorithm, we suggested amoxicillin-clavulanic, although
amoxicillin was suggested in the IDSA guideline. This was because
of considering the acceptance rate of physicians. But, in the future,
amoxicillin-clavulanic acid could be replaced by amoxicillin. Our
study has shown the beneficial effects of implementing a clinical
pathway for URTI in decreasing antibiotic consumption; however,
long term follow-up is necessary.

In conclusion, the implementation of a clinical pathway for
URTI has significantly decreased inappropriate antibiotic use in
ED. The implementation of the ASP in ED has increased the
awareness of ED physicians who did not use the clinical
pathway.
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primary health care facilities (Isler et al., 2019). Inappropriate
antibiotic use in URTI has forced us to administer a clinical
pathway in ED to decrease antibiotic prescription. In this study, we
demonstrated the significant beneficial effect of a clinical pathway
for decreasing inappropriate antibiotic use among patients with
URTI in ED. Prescriptions including at least one antibiotic were
decreased, while antiviral use was increased and adherence to
clinical pathway was increased in the post-ASP period when
compared with pre-ASP period (Table 2).

The clinical pathway specific for the patients with febrile
neutropenia was shown to decrease inappropriate antimicrobial
use (Madran et al., 2018). In a recent study conducted in a tertiary
university hospital in France, several ASPs including local
treatment guidelines were implemented in ED and unnecessary
antimicrobial prescriptions were decreased after implementation
of these ASPs (Dinh et al., 2017).

We observed that the rate of appropriate  antibiotic use was
increased in the second phase, despite the fact that CP was not
applied among the patients (Figure 2). This observation could be

related to the influence of the clinical pathway to all the
physicians, despite lack of their full adherence to the CP.

Rapid microbiological diagnostic tests including Group A
Streprococcal rapid antigen test in ED are practical to discriminate
bacterial and viral URTI. In our study, Group A Streprococcal rapid
antigen test was a component of our clinical pathway and its
increased usage may have contributed to decreasing antibiotic
consumption. The rapid influenza diagnostic test was not used
frequently. This could be due to its lower sensitivity. Molecular
based tests were shown to decrease inappropriate antibiotic use in
patients with respiratory tract infection in recent studies (Branche
et al., 2015; Keske et al., 2018). In a study conducted in our center,
the impact of molecular rapid diagnostic test on ASP was assessed
in cases of URTI. It was shown that the rapid molecular test
decreased inappropriate antibiotic use in viral URTIs (Keske et al.,
2018). However, implementing this test in ED may not be practical
and cost effective.

The control group in our study was retrieved retrospectively;
this could be one of the limitations of our study, but a prospective
design would not be possible while we were improving the system.
In our algorithm, we suggested amoxicillin-clavulanic, although
amoxicillin was suggested in the IDSA guideline. This was because
of considering the acceptance rate of physicians. But, in the future,
amoxicillin-clavulanic acid could be replaced by amoxicillin. Our
study has shown the beneficial effects of implementing a clinical
pathway for URTI in decreasing antibiotic consumption; however,
long term follow-up is necessary.

In conclusion, the implementation of a clinical pathway for
URTI has significantly decreased inappropriate antibiotic use in
ED. The implementation of the ASP in ED has increased the
awareness of ED physicians who did not use the clinical
pathway.
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Table 2
Number of prescriptions.

Total
n = 351 (%)

Pre-
ASP
n = 176
(%)

Post-
ASP
n = 175
(%)

p

The number of the prescriptions
including antibiotics

137 (39) 85
(49)

52
(29)

<0.001

The number of the prescriptions
including antivirals

78 (22) 31 (18) 47
(26)

0.04

Adherence to clinical pathway 226 (64) 87
(50)

139
(80)

<0.001

Table 3
Laboratory Tests.

Total
n = 351 (%)

Pre-ASP
n = 176 (%)

Post-ASP
n = 175 (%)

p

Group A Streptococcal
rapid antigen test

48 (14) 3 (2) 45 (26) <0.001

Rapid Influenza A-B Test 62 (18) 29 (16) 33 (19) 0.559
Rapid Respiratory
Tract Virus Test

3 (1) 1 (1) 2 (1) 0.559

Figure 2. The evaluated patients with URTI in pre-ASP and post-ASP period.
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Effects of clinical pathway implementation on
antibiotic prescriptions for pediatric
community-acquired pneumonia
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Abstract

Background

Italian pediatric antimicrobial prescription rates are among the highest in Europe. As a first

step in an Antimicrobial Stewardship Program, we implemented a Clinical Pathway (CP) for

Community Acquired Pneumonia with the aim of decreasing overall prescription of antibiot-

ics, especially broad-spectrum.

Materials andmethods

The CP was implemented on 10/01/2015. We collected antibiotic prescribing and outcomes

data from children aged 3 months-15 years diagnosed with CAP from 10/15/2014 to 04/15/

2015 (pre-intervention period) and from 10/15/2015 to 04/15/2016 (post-intervention

period). We assessed antibiotic prescription differences pre- and post-CP, including rates,

breadth of spectrum, and duration of therapy. We also compared length of hospital stay for

inpatients and treatment failure for inpatients and outpatients. Chi-square and Fisher’s

exact test were used to compare categorical variables andWilcoxon rank sum test was

used to compare quantitative outcomes.

Results

120 pre- and 86 post-intervention clinic visits were identified with a diagnosis of CAP. In out-

patients, we observed a decrease in broad-spectrum regimens (50% pre-CP vs. 26.8%

post-CP, p = 0.02), in particular macrolides, and an increase in narrow-spectrum (amoxicil-

lin) post-CP. Post-CP children received fewer antibiotic courses (median DOT from 10 pre-

CP to 8 post-CP, p<0.0001) for fewer days (median LOT from 10 pre-CP to 8 post-CP,
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Cephalosporins and amoxicillin-clavulanate use decreased as well (9.7% and 14.5% pre-CP vs.
8.5% and 14.0% post-CP), but the difference was not statistically significant.

Changes in prevalence of broad-spectrum antibiotic prescriptions for CAP. In the pre-
intervention period the median bsDOT was 10 (range 1–25) and in the post-intervention
period 8 (range 4–14), with a significant and stable difference in prescribing between pre- and
post-intervention groups reported for each sub-period in the time series (Fig 3). As a result,
pre-intervention bsDOT/DOT was 0.45, while in post-intervention it was 0.29.

Changes in duration of therapy. For treating mild CAP our clinical pathway recom-
mends a 7-day antibiotic therapy.

Pre-intervention median LOT was 10 (range 3–15), while post-intervention median LOT
was 8 (range 5–10) (p<0.0001) as recommended in the CP, with a decreasing trend over all
sub-periods after implementation.

DOT/LOT ratio indicates use of combination therapy and the length of therapy: pre-inter-
vention DOT/LOT was 1.16, post-intervention 1.07. Specifically, during the related sub-peri-
ods, pre-CP DOT/LOT was included between 1.25 and 1.08, post-CP ratio, instead, ranged
from 1.19 to 1.04 (Fig 2C and 2D).

Changes in dosage for the most commonly prescribed antibiotic for CAP. The most
commonly prescribed antibiotic for outpatients with CAP was amoxicillin. Pre-intervention

Fig 2. a–b. Median DOT pre and post-implementation for outpatients and DOT over time for outpatients. c. Median LOT pre and post-
implementation for outpatients. d. LOT over time for outpatients.

https://doi.org/10.1371/journal.pone.0193581.g002

Effects of clinical pathway implementation for community-acquired pneumonia
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Abstract

Objective: To evaluate adherence to uncomplicated urinary tract infections (UTI) guidelines and UTI diagnostic accuracy in
an emergency department (ED) setting before and after implementation of an antimicrobial stewardship intervention.

Methods: The intervention included implementation of an electronic UTI order set followed by a 2 month period of audit
and feedback. For women age 18 – 65 with a UTI diagnosis seen in the ED with no structural or functional abnormalities of
the urinary system, we evaluated adherence to guidelines, antimicrobial use, and diagnostic accuracy at baseline, after
implementation of the order set (period 1), and after audit and feedback (period 2).

Results: Adherence to UTI guidelines increased from 44% (baseline) to 68% (period 1) to 82% (period 2) (P#.015 for each
successive period). Prescription of fluoroquinolones for uncomplicated cystitis decreased from 44% (baseline) to 14%
(period 1) to 13% (period 2) (P,.001 and P= .7 for each successive period). Unnecessary antibiotic days for the 200 patients
evaluated in each period decreased from 250 days to 119 days to 52 days (P,.001 for each successive period). For 40% to
42% of cases diagnosed as UTI by clinicians, the diagnosis was deemed unlikely or rejected with no difference between the
baseline and intervention periods.

Conclusions: A stewardship intervention including an electronic order set and audit and feedback was associated with
increased adherence to uncomplicated UTI guidelines and reductions in unnecessary antibiotic therapy and
fluoroquinolone therapy for cystitis. Many diagnoses were rejected or deemed unlikely, suggesting a need for studies to
improve diagnostic accuracy for UTI.
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Introduction

Acute uncomplicated cystitis and pyelonephritis are common
indications for prescription of antimicrobials in healthy, non-
pregnant women [1]. Guidelines for the treatment of these
conditions were first published by the Infectious Diseases Society
of America (IDSA) in 1999[2]. Several studies subsequently
documented that prescribing practices for uncomplicated urinary
tract infection (UTI) varied widely and adherence to these and
other UTI guidelines was often low [3–13]. The updated IDSA
and European Society for Microbiology and Infectious Diseases
guidelines published in 2011 emphasize the importance of local
susceptibility data and the ecological adverse effects of antimicro-
bial therapy, including antimicrobial resistance and Clostridium

difficile infection [14]. Ecological effects merit particular consider-
ation in treatment of cystitis because there is minimal risk of
progression to severe illness and infection may resolve in 25% to
42% of women who are not treated or who are treated with a drug
without in vitro activity against the uropathogen [14–16]. As in the
1999 guidelines, the updated guidelines continue to recommend
that in areas in which trimethoprim-sulfamethoxazole (TMP-
SMX) resistance rates for uropathogens causing acute uncompli-
cated cystitis do not exceed 20%, TMP-SMX for 3 days is
recommended as a first line option. Fluoroquinolones for 3 days
are recommended as a second line option for treatment of cystitis
due to their adverse ecological effects [17]. The updated guidelines
are more specific in recommending that nitrofurantoin for 5 days
or a single dose of fosfomycin should also be considered as first line
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to 14% (P,.001), and the average duration of TMP-SMX or
ciprofloxacin therapy for cystitis decreased from 5.6 days at
baseline to 3.9 days (P,.001) (Table 2).
In comparison to period 1, after audit and feedback, unneces-

sary UTI days of therapy for the 200 patients evaluated decreased

significantly further to 52 unnecessary days (P,.001), prescription
of fluoroquinolones for uncomplicated cystitis remained relatively
stable at 13% (P= .70) and the average duration of TMP-SMX or
ciprofloxacin therapy for cystitis decreased from 3.9 to 3.6 days
(P= .17) (Table 2).

Table 1. Patient characteristics by study time period.

Baseline Period 1 Period 2 P value

Characteristic n = 200 n = 200 n = 200 Baseline– period 1
Period 1-
period 2

Age, median, (IQR 25–75) 30 [22–43] 27 [21–43] 30 [ 22–42] .66 .75

Age . 50 25 (12.5) 28 (14.0) 23 (11.5) .66 .45

Ethnicity Black 69 (34.5) 74 (38.0) 57 (28.5) .60 .07

Hispanic/Latino 18 (9.0) 27 (13.9) 24 (12.0) .15 .65

White 83 (41.5) 83 (42.6) 57 (28.5) 1.00 .006

Diabetes 12 (6.0) 13 (6.5) 10 (5.0) .84 .52

Renal conditionsa 21 (10.5) 23 (11.5) 17 (8.5) .75 .32

History of STIb 47 (23.5) 52 (26.0) 62 (31.0) .56 .27

Post-menopausalc 26 (13.0) 25 (12.5) 21(10.5) .40 .27

Hospitalization within the past 12 months 30 (15.0) 22 (11.0) 20 (10.0) .31 .57

Antibiotic use within the past 12 months Any 97 (48.5) 103 (51.5) 100 (50.0) .55 .76

Trimethoprim-
sulfamethoxazole

28 (14.0) 35 (17.5) 39 (19.5) .34 .61

Ciprofloxacin 34 (17.0) 29 (14.5) 20 (10.0) .49 .17

Nitrofurantoin 8 (4.0) 16 (8.0) 15 (7.5) .09 .85

Diagnosis Cystitis 133 (66.5) 131 (65.5) 148 (74.0) .83 .06

Pyelonephritis 67 (33.5) 69 (34.5) 52 (26.0) .83 .06

Data are no. or proportion (%) of patients, unless otherwise indicated.
aRenal conditions include history of kidney stones, recent acute or chronic kidney disease, urinary incontinence with or without previous surgery for this condition.
bSTI, sexually transmitted infection.
cDocumented post-menopausal status or age . 50 if status not documented.
doi:10.1371/journal.pone.0087899.t001

Figure 1. Percentage of cases adherent to UTI guidelines at baseline and during the tiered stewardship intervention. The percentages
in the boxes are the average of the 4 time points during each period.
doi:10.1371/journal.pone.0087899.g001

UTI Stewardship in an Emergency Department Setting
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Treatment failures and adverse outcomes
Treatment failure occurred in 11%, 7%, and 8% of patients

reviewed during the baseline period, period 1, and period 2,
respectively (P $.16 for each comparison). A primary adverse
event of either allergic reaction, gastrointestinal side effect, or
vaginal yeast infection occurred in 6%, 8%, and 10% of patients
reviewed during the baseline period, period 1, and period 2,
respectively (P $.59 for each comparison). Other adverse events
occurred in 24%, 27%, and 24% of patients reviewed during the
baseline period, period 1, and period 2, respectively (P$.52 for
each comparison) (Table 2). Although not included as an outcome,
antimicrobial resistance rates for Escherichia coli obtained from the
institution’s traditional antibiogram over the time period of the
study 2010, 2011 and 2012 to TMP-SMX were 19%, 20%, and
21%, to nitrofurantoin were 5%,7%, and 9% and for ciprofloxacin
were 16%, 16%, and 16% respectively.

Diagnostic accuracy
Forty percent, 42%, and 41% of cases diagnosed as UTI by

clinicians were classified as unlikely or rejected cases of UTI
during the baseline period, period 1, and period 2, respectively (P
$.37 for each comparison) (Figure 2). Examples of cases classified
as unlikely or rejected are described in Table 3. Most unlikely or
rejected cases had more than one reason to be classified as such.
For 245 total cases deemed unlikely or rejected, the reasons they
were deemed unlikely or rejected included: 126 (51%) in which
patients reported having no urinary symptoms, 50 (20%) had a
definite genital tract infection; 59 (24%) had vaginal symptoms
attributed to either a genital tract infection for which testing was
not done or a non-infectious genital tract syndrome, 47 (19%) had
no documentation of urinary symptoms, 10 (4%) had a definite
non-genital tract infection to explain the symptoms, 69 (28%) had
a probable non-genital tract alternative diagnosis. Urine cultures
were done in 40 (16%) cases and all were negative. Negative
urinalyses with no urine culture performed occurred in 19 (8%)
cases. No improvement despite adequate therapy was seen in 3
(1%) patients.

Discussion

We demonstrated that a stewardship intervention that included
implementation of an electronic order set followed by a period of
audit and feedback was associated with a sustained improvement
in adherence to uncomplicated UTI guidelines. These findings
have important implications for several reasons. First, the
improvement in adherence to guidelines was achieved through a
simple intervention that required minimal resources. Because the
EPICH EMR system is widely used, similar order sets could be
instituted in many other U.S. healthcare facilities. Second, because
UTI is one of the most common indications for prescription of
antimicrobials, improving management of this condition should be
a focus of stewardship programs. Our intervention reduced both
unnecessary antibiotic days of therapy for UTI and fluoroquin-
olone use for cystitis. Reducing overuse of fluoroquinolones is an
important goal due to their propensity to cause adverse ecological
effects and due to rising rates of resistance to these agents [26].
Finally, the improvement in adherence to UTI guidelines was
achieved without any apparent increase in treatment failures or
adverse events.
Despite the increase in adherence to UTI treatment guidelines,

it is notable that there was no improvement in UTI diagnostic
accuracy during the intervention. For 40% to 42% of cases
diagnosed as UTI by clinicians, the diagnosis was deemed unlikely
or rejected, consistent with previous studies [20–23]. The lack of
improvement in diagnostic accuracy with the audit and feedback
intervention may have been in part due to its relatively short
duration (2 months) and that the feedback was not given in real
time. However, it is likely that diagnostic accuracy is more difficult
to improve as compared to choosing the appropriate medication
and duration of therapy.
One strategy to optimize diagnostic accuracy might be to

improve use and interpretation of the urinalysis. In our ED, the
protocol followed by the triage nurses requires a urinalysis to be
performed in any woman presenting with abdominal pain, urinary
tract symptoms, genital tract symptoms, or fever. Based upon
clinical documentation and discussion with ED providers during
audit and feedback, treatment of UTI cases classified as unlikely or
rejected was often driven by the finding of a ‘‘dirty urine’’ (i.e.,
abnormal urinalysis). Patients who did not have symptoms
suggestive of a UTI or who had alternative explanations for their

Table 2. Antibiotic use, treatment failures, and adverse events for study patients at baseline and during intervention Period 1 and
Period 2.

P value

Outcome
Baseline
N=200

Period 1
N=200

Period 2
N=200 Baseline-Period 1 Period 1-Period 2

Mean duration of therapy for cystitisa (days) 5.6 3.9 3.6 ,.001 .17

Percentage of fluoroquinolone regimens for cystitis 44.4 14.5 12.9 ,.001 .70

Unnecessary antibiotic days of therapy, total 250 119 52 ,.001 ,.001

Treatment failureb 22 (11.0) 14 (7.0) 17 (8.5) .16 .58

Primary adverse eventsc 12 (6) 17 (8.5) 19 (9.5) .66 .59

Other adverse eventsd 49 (24.5) 54 (27) 47 (23.5) .54 .52

aIncluding only trimethoprim-sulfamethoxazole and ciprofloxacin containing regimens.
bA change in the initially prescribed UTI treatment regimen within 2 weeks of prescription due to clinical failure, isolation of a resistant organism, or adverse effects.
cIncluding allergic reactions, gastrointestinal side effects, and vaginal yeast infections occurring within 8 weeks of treatment and felt to be related to the antibiotic
prescribed for UTI.
dIncluding return visits to the ED or other hospital sites for persistence of UTI symptoms or for additional treatment for alternative diagnoses related to UTI symptoms,
missed STI diagnoses, or for treatment of a recurrent UTI (separate from initial UTI) occurring within 8 weeks of the initial ED visit.
doi:10.1371/journal.pone.0087899.t002

UTI Stewardship in an Emergency Department Setting
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o r i g i n a l a r t i c l e

A Role for Antimicrobial Stewardship in Clinical Sepsis Pathways:
a Prospective Interventional Study

John Burston, MBBS, FRACP;1,2 Suman Adhikari, B Pharm, Grad Dip Clin Pharm;2,3 Andrew Hayen, BA(Hons),
M. Biostat, PhD;4,5 Heather Doolan, BN, MPH;6 Melissa L. Kelly, BMed, MPH&TM;1,2 Kathy Fu, MBBS;1,2

Tomas O. Jensen, MD, MSc;1,2 Pamela Konecny, MBBS, MPH, MD(Res)1,2

objective. To evaluate the impact of early infectious diseases (ID) antimicrobial stewardship (AMS) intervention on inpatient sepsis
antibiotic management.

design. Interventional, nonrandomized, controlled study.

setting. Tertiary-care referral hospital, Sydney, Australia.

patients. Consecutive, adult, non–intensive care unit (non-ICU) inpatients triggering an institutional clinical sepsis pathway from May to
August 2015.

intervention. All patients reviewed by an ID Fellow within 24 hours of sepsis pathway trigger underwent case review and clinic file
documentation of recommendations. Those not reviewed by an ID Fellow were considered controls and received standard sepsis pathway care.
The primary outcome was antibiotic appropriateness 48 hours after sepsis trigger.

results. In total, 164 patients triggered the sepsis pathway: 6 patients were excluded (previous sepsis trigger); 158 patients were eligible; 106
had ID intervention; and 52 were control cases. Of these 158 patients, 91 (58%) had sepsis, and 15 of these 158 (9.5%) had severe sepsis. Initial
antibiotic appropriateness, assessable in 152 of 158 patients, was appropriate in 80 (53%) of these 152 patients and inappropriate in 72 (47%) of
these patients. In the intervention arm, 93% of ID Fellow recommendations were followed or partially followed, including 53% of cases in which
antibiotics were de-escalated. ID Fellow intervention improved antibiotic appropriateness at 48 hours by 24% (adjusted risk ratio, 1.24; 95%
confidence interval, 1.04–1.47; P= .035). The appropriateness agreement among 3 blinded ID staff opinions was 95%. Differences in inter-
vention and control group mortality (13% vs 17%) and median length of stay (13 vs 17.5 days) were not statistically significant.

conclusion. Sepsis overdiagnosis and delayed antibiotic optimization may reduce sepsis pathway effectiveness. Early ID AMS improved
antibiotic management of non-ICU inpatients with suspected sepsis, predominantly by de-escalation. Further studies are needed to evaluate
clinical outcomes.

Infect Control Hosp Epidemiol 2017;38:1032–1038

Sepsis represents a major international health challenge with
high mortality.1,2 Although early antibiotic therapy is likely to
reduce mortality in severe sepsis,3 recent debate has focused on
the importance of antibiotic appropriateness in addition to
timing.1,4,5 The international ‘surviving sepsis’ campaign
focused on improving outcomes in sepsis.6 In New South
Wales, Australia, the Clinical Excellence Commission (CEC)
introduced statewide clinical sepsis pathways for emergency
departments and subsequently for non–intensive care unit
(non-ICU) inpatient wards in 2014, as part of a quality
improvement program.7 The CEC sepsis pathways promote

performing blood cultures, measuring serum lactate levels,
conducting intravenous fluid resuscitation, and administering
antibiotics within 60 minutes of sepsis recognition.7 The CEC
pathways are based on the Sepsis-2 definitions of sepsis as
infection with 2 or more systemic inflammatory response
syndrome (SIRS) criteria and of severe sepsis as sepsis causing
organ dysfunction.6 The CEC inpatient sepsis pathway was
implemented in this hospital in October 2014 (referred to
hereafter as ‘the sepsis pathway’) following an intensive
preimplementation phase of junior medical officer and nurse
education, resource development within the rapid response
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Meropenem Survey - Veri Toplama Formu

Hastaya Ait Bilgiler
• Ad soyad
• Protokol
• Oda
• Primer Hekim
• Varsa Enf. Hekimi
• Primer Tanı
• Yatış Tarihi
• Cerrahi Operasyon Geçirdi Mi?
• Antibiyotik Alerjisi Var Mı?
• Ko-morbidite

• Diyabet, KBY, KOAH/Astım, Siroz, KKY
• Solid Organ Tm (Remisyon, Aktif, Metsatatik)
• Hematolojik Kanser (Remisyon, Aktif)
• Kemik İligi Transplantasyonu

Değerlendirme
• Antibiyotik Başlama Tarihi
• Meropenem başlama endikasyonu
• Kültürde üreme var mı?
• Kan, idrar, balgam ve diğer kültürler
• Kültürde üreme varsa rapor tarihi
• Antibiyotik kesme tarihi
• CRP (mg/L)
• PCT (ng/mL)
• Lökosit (K/uL)
• GFR (ml/dk)

Sonuç
• Başlama endikasyonu uygun mu?
• Devam endikasyonu uygun mu?
• Süre uygun mu?
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• Ulusal/bölgesel veriler

• Hastane Tipi

• Multidisipliner

• Yönetim Desteği



INFECTIOUS 
DISEASES

PHARMACY

NURSING CARE

ADMINISTRATIONQUALITY
DEPARTMENT

INFECTION 
CONTROL

TEAM

MİCROBIOLOGY

MULTI 
DISCIPLINARY
COOPERATION

Multidisipliner yaklaşım



□	
□	

Orta	Şiddetli	Diyare:	 Hastalık	nedeniyle	günlük	yaşam	aktivitesi	zorlaşmış
Şiddetli	Diyare:	 Hastalık	nedeniyle	hipovolemi	belirti	bulguları	olan,	24	saat	içinde	6	dan	fazla	
şekilsiz	dışkılama,	şiddetli	abdominal	ağrı	gibi	şikayetler	ile	günlük	aktiviteleri	yerine	getirememe	
şikayeti	olan	ya	da	hastaneye	yatış	yapılan	hastalar	bu	grupta	değerlendirilir.	

◊	Hidrasyon;		 su	ve	tuz	içeren	oral	veya	parenteral	sıvı	alımı	ile	sağlanır.	Yiyecek	olarak	hasta	çorba,	
et	suyu,	kraker,	kavrulmuş	ve	pişmiş	gıdalar,	şeftali,	muz,	yağsız	pirinç	gibi	besinler	tüketebilir.	

Erişkin	Hastalarda	Akut	Gastroenterit	Vaka	Yönetimi	

Son	24	saatte	 > 	3	sulu	dışkılama	ve	aşağıdaki	semptomlardan	

□	Amdominal	ağrı/kramp
□	Tenesmus

Sulu	İshal

*Hafif	Şiddetli	Diyare: 	Günlük	aktivitelerde	herhangi	bir	değişklik	yok.	

Hafif	İshal* Orta /	Şiddetli	İshal*	

Hidrasyonu◊

sağla.

Loperamid	
tedavisi	
başlanabilir.

ateş< 38°C ateş>38°C	

<72	saat	 >72	saat	

Semptomatik	tedavi	gerekiyorsa	Loperamid
başlanabilir.	
• İlk	doz	4	mg		
• Devam dozu;	her	sulu	dışkılama	için	2	mg	olacak

şekilde	tedavi	sürdürülür.		
• Günlük	maksimum	doz	16	mg'	dır.	
• Tedavi	en	fazla	2	gün	devam	ettirilebilir.		

Ø Dışkı	Kültürü
Ø Dışkıda	lökosit	
Ø Parazit	taraması
Ø Gerekirse	dışkı	multipleks	

PCR yap

v Hidrasyonu◊ sağla

Empirik	antibiyotik	tedavisi	
başla
q Azitromisin																					

1x500	mg	PO	(3	gün)	
q Siprofloksasin																			

2x500	mg	PO	(3-5	gün)
q Norfloksasin																									

2x400	mg	PO	(3-5	gün)	

Şiddetli İshal* Hafif	/Orta	İshal*

Ø Dışkı	Kültürü
Ø Dışkıda	lökosit	
Ø Parazit	taraması	
Ø Gerekirse	dışkı	

multipleks	PCR yap

v Hidrasyonu◊ sağla

q Dışkı	kültür	sonuçları	
sonuçlanana	kadar	
empirik	antibiyotik	
kullanımından	
KAÇINILMALI.

Ateş	var	veya
salgın	şüphesi	

yok	

Ateş	yok	veya
salgın	şüphesi	

var

Dizanterik	(Kanlı)	İshal	

Test	sonuçlarında	herhangi	bir	bakteri	ya	da	parazit	
saptanırsa	gerekirse etkene	yönelik	antimikrobiyal	tedavi	

başlanmalı	

Başka Bir	Antibiyotik	
Başlandı	İse	Adı/Nedeni:			
.............................................
.............................................
.............................................
.............................................
.............................................
.............................................
...	

Antibiyotik	Başlandı	
İse	Adı/Nedeni:			
.........................................
.........................................
.........................................
.........................................
.........................................
.........................................
...........................	



Ateş > 38.0 ◦C veya < 36.0 ◦C Solunum sayısı ≥ 22/dakika
Kalp atım hızı > 90/dk Hastanın bilinç durumunda kötüleşme

Sistolik kan basıncı ≤ 100 mmHg

Saat:

Kan kültürü al, Prokalsitonin bakılmasını sağla UD

İlk doz antibiotiği şimdi başla (Enfeksiyon Hastalıkları) UD

O2  desteği sağla UD

IV sıvı desteği UD

Kan gazı al UD

Aldığı - çıkardığı sıvı takibi UD

Kültür İle Doğrulanmış Sepsis 

Tarih: 

İmza:

* Systemic Inflammatory Response Syndrome ** Quick Sepsis-related Organ Failure Assessment

      UD:Uygun değil  

Form no:6494.040     Rev:0

Hastayı aşağıdaki tanımlanan SIRS ve qSOFA Kriterlerine göre değerlendiriniz. Mutlaka her iki 
değerlendirme de yapılmalıdır. 

Not: Sepsis 6  Uygulamaları doktor direktifi ile uygulanır.

SIRS (Sistemik Inflamatuar Yanıt Sendromu) Kriterleri qSOFA**  Kriterleri

SEPSİS ŞÜPHESİ

SIRS* kriterlerinden en az 2’sinin ya da qSOFA** kriterlerinden en az 2’sinin pozitif olması durumunda 
hastada sepsis olasılığı ortaya çıkar. 

Solunum sayısı ≥ 22/dakika veya arteriyel 
karbondioksit basıncı (PaCO 2 ) < 32 mmHg

Kanda beyaz küre sayısı > 12.000/mcL veya                   
< 4000/mcL veya > %10 band formasyonu

Hastanın klinik durumunu takip et. Gerekirse 
kriterleri tekrar gözden geçir.

     SEPSİS ERKEN TANI KLİNİK YOLU - YETİŞKİN

K
ay

na
k 

1. Seymour CW, Liu VX, Iwashyna TJ, Brunkhorst FM, Rea TD, Scherag A, Rubenfeld G, Kahn JM, 
Shankar-Hari M, Singer M, Deutschman CS, Escobar GJ, Angus DC. Assessment of Clinical Criteria for 
Sepsis: For the Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 
2. Shankar-Hari M, Phillips GS, Levy ML, Seymour CW, Liu VX, Deutschman CS, Angus DC, Rubenfeld 
GD, Singer Mh; Sepsis Definitions Task Force. Developing a New Definition and Assessing New Clinical 
Criteria for Septic Shock: For the Third International Consensus Definitions for Sepsis and Septic Shock 

Sepsis şüphesi yok.

SE
PS

İS
 6

Sepsis şüphesi var.

Hasta Kimlik Etiketi

Sepsis Düşünülmedi

Klinik Tanı Sepsis

Saat:

Saat:

Hekim Hemşire 

 PRİMER DOKTORU / KAT DOKTORUNA haber ver!

Primer Doktor ve / veya Enfeksiyon Hastalıkları 
Doktorunu  ara!

HAYIR

EVET
HAYIR

EVET

Doktor değerlendirme: Bulgular enfeksiyonla ilgili olabilir mi? 
Öksürük, Balgam, Karın ağrısı, Batında gerginlik, Diyare, İdrar yapma güçlüğü, Ense sertliği ve Baş ağrısı, 

Yumuşak doku enfeksiyonu, Kateter enfeksiyonu, Endokardit.

Takip





Nasıl Uygulanmalı?









    Kl inik tabloya aşağıdaki  semptomlardan en az bi ri  eşl ik etmel idi r.    

Puan 
1

Üre > 42 mg/dL    1
Solunum > 30/dk 1
Sistolik kan basıncı < 90 mmHg veya 
diyastolik kan basıncı < 60 mmHg  1
Yaş > 65    1

Risk Sınıflaması 

Semptomlar 
Bilinç bulanıklığı              

                  Toplam ......

Değerlendirme sonucunda; tek majör veya en az üç minör ölçüt tespit edildi mi?

Hasta YOĞUN BAKIM'da takip 
edilmelidir

Hasta SERVİS' te takip edilebilir

Ayaktan Tedavi Yatarak İzlenmesi Planlanmalıdır. 

Evet Hayır 

ERİŞKİN HASTALARDA TOPLUM 
KÖKENLİ PNÖMONİ KLİNİK YOLU                                                                       

(J12-18)

Majör Ölçütler;
q İnvazif mekanik ventilasyon destek ihtiyacı,
qVazopresör gerektiren septik şok tablosu,            

(Kan gazı tetkik sonuçları değerlendirmeye 
dahil edilmelidir)

Minör Ölçütler;
qSolunum sayısı > 30/dk, 
qSPO2 < % 90 ,
qAkciğer radyogramında multilober infiltratlar, 
qKonfüzyon / oryantasyon bozukluğu,
qÜre > 42 mg/dl,
q Lökopeni (Lökosit <4000/mm3),
qTrombositopeni (Trombosit < 100 000 /mm3),
qHipotermi ( < 36 oC),
qYoğun sıvı yüklemesi gerektiren hipotansiyon

Hastanın Yeniden Değerlendirilmesi

Grup 2                                       
Toplam Puan = 2                                 

(Mortalite riski %9.2)

Grup 3                                       
Toplam Puan = 3-5                                 

(Mortalite riski %22)

Grup 1                                       
Toplam Puan = 0-1                                 

(Mortalite riski %1.5)

Akciğer parankim dokusunun akut enfeksiyonu ve akut                           
enfeksiyon ile uyumlu semptomun bulunması. 

Radyolojik olarak kanıtlanmış akut infiltrasyon

Pnömoni ile uyumlu akciğer dinleme bulgusu 

Hasta Barkodu 

Pn
öm

on
i T

an
ım

ı

Önerilen Tanı Testleri;                                                                                        
• Akciğer grafisi / tomografisi, 
• Tam kan sayımı,                      
• Üre, Kreatinin, Sodyum     
• CRP1, PCT2, 
• Kan, balgam kültürü,
• SYVP3 / İnfluenza PCR4

        + / -
ya da 

       

         +
ya da 

        +

Değerlendirme notu; 

Kısaltmalar: 
CRP1: C Reaktif Protein 
PCT2: Prokalsitonin Testi
SYVP3: Solunum Yolları Virüs Paneli 
PCR4: Polimeraz Zincir Reaksiyonu 

Not: Aspirasyon pnömonis i  ve dış transfer olarak gelen  hasta lar kl inik yol  kapsam dışında değerlendiri l i r. 

1.KGS / 0296 no'lu "Türk Thoraks  Derneği : Erişkinlerde Toplumda Gel işen Pnömoni  Tanı ve Tedavi  Uzlaşı Raporu, 2009"  

 Form No: 6494.053, Rev No: 00

Kaynak: 1 KGS / 0295 no'lu "Infectious  Diseases  Society of America/American Thoracic Society Consensus  Guidel ines  on the 
Management of Community-Acquired Pneumonia  İn Adults , 2007" 

Sefuroksim tb 500 mg 2 x 1 PO
Seftriakson flk 1000 mg 1 x2 IV

Moksifloksasin tb /flk 400 mg 1 x 1 PO / IV
Piperasil in tazobaktam flk 4,5 gr 3 x 1 IV

Levofloksasin tb / flk 750 mg 1 x 1 PO / IV
Meropenem flk 1000 mg 3 x 1 IV

Azitromisin flk 500 mg 1 x 1 IV
Klaritromisin flk 500 mg 2 x 1 IV

Amoksisil in Klavunat tb 1000 mg 2 x 1 PO
Ampisil in sulbaktam flk 1,5 - 3 gr 4 x 1 IV

1- Toplum kökenli metisil in dirençli  S.aureus (MRSA) enfeksiyonlarında tedavi planına  Teikoplanin ya da Linezolid 
eklenmelidir.                                                                                                                                                                                                                                                                                        
2- SYVP / İnfluenza PCR test sonucunun negatif olması durumunda viral etkenler ekarte edilemez. Hastanın kliniği influenza 
i le uyumlu ise antiviral tedavi başlanmalıdır.                                                                                                                                                                                                             
3- SYVP / İnfluenza PCR test sonucunun pozitif olması durumunda hekim bakteriyel bir etken düşünmüyorsa tedavi planına 
antibiyotik eklenmemelidir.                                                                                                                                                                                                                                                                                                                
4- Kliniği stabil  olan ve taburcu edilen hastaların bir hafta sonra poliklinik şartlarında yeniden değerlendirilmesi öneril ir. 

Erişkin Hastalar İçin Önerilen Antibiyotik Dozları ve Uygulama Yolları
Antibiyotik İsmi Önerilen Doz Uygulama Sıklığı Uygulama Yolu 

              tedavi seçenekleri ile izlenmelidir. 

Tedavi planı dışına çıkıldı ise order edilen antibiyotik ismi;  
Bu antibiyotiğin seçilme nedeni;

TEDAVİ SÜRESİ 

Önerilen ampirik antibiyotik tedavi süresi ortalama  5 - 10 gün .                                                                                                                  
Antibiyotik tedavisi kesilmeden önce;                                                                                                                                                      
Ӿ Hasta en az 72 saattir ateşsiz izlenmiş olmalı,                                                                                                                                        
Ӿ Hasta desteksiz soluyabilmeli,                                                                                                                                                                           
Ӿ Hastanın kliniği stabil olmalıdır. (Solunum < 24/dk, nabız < 100/dk, sistolik kan basıncı > 90 mmHg)

Önemli Notlar; 
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Ayrıca; Pseudomonas etkeninin tespit edilmesi/şüphesi durumunda hasta hastane şartlarında, 

TEDAVİ PLANI

Levofloksasin / Moksifloksasin tb 

Levofloksasin / Moksifloksasin flk

Azitromisin / Klaritromisin /
Levofloksasin veya Moksifloksasin flk

Azitromisin / Klaritromisin flkSeftriakson / Ampicilin sulbactam flk 

Seftriakson / Ampicilin sulbactam flk 

Seftriakson flk / Amoksisilin klavulanat 

Piperasilin tazobaktam / Meropenem flk 

Klaritromisin  / Azitromisin tb 

Hastayı Değerlendiren Hekim                                                    
İMZA





Etkinliği nasıl ölçülmeli?



• AMY Hekim
• AMY Hemşire
• AMY Eczacı
• Kalite Birimi
• Bilgi Teknolojileri
• Düzenli Toplantı
• Verilerin İlgili Birimlere İletilmesi (Feed-back)



“Antibiyotik Yönetimi Bülteni”,





Antibiotic Consumption
(Outpatient & Inpatient

Inadequate Infection
Control Practices

Susceptible
bacteria

Resistant
bacteria

Step 1

Step 2



Özetle

• En önemli basamak ölçmek ve sorunu belirlemek.
• Soruna yönelik rehber hazırlamak
• Rehberi ilgili her hastada kullanmak
• Etkinliği ölçmek
• Rehberi uygulamayanlara geri bildirimde bulunmak



Curiosity
Challenge

Courage

to solve a problem

Tasuku Honjo
2018 Nobel Tıp Ödülü sahibi

Continue
Confidence

Concentrate



TEŞEKKÜRLER

• Prof. Dr. Önder Ergönül’e
• İnfeksiyon Kontrol Hemşirelerine
• Hastane Eczacılarına
• Kalite Birimine
• Hemşirelik Hizmetlerine
• Hastane Yönetimine

Antibiyotik Yönetimi Bülteni
Mayıs 2019                  Sayı 6

Asemptomatik Bakteriüri Rehberi
Amerika Enfeksiyon Hastalıkları Derneği (IDSA), asemptomatik 
bakteriüri rehberini güncelledi. Buna göre, gebeler ve ürolojik 
girişim planlanan hastalarda üriner semptom olmasa da idrar 
kültür taraması yapılması ve anlamlı bir üreme olursa antibiyotik 
tedavisi verilmesi önerilmektedir. Bunun dışında kalan hastalarda 
idrar kültür taraması ve tedavisi önerilmemektedir. 
(https://www.idsociety.org/globalassets/idsa/practice-guidelines/
2019-asymptomatic-bacteriuria.pdf)

Transplant Hastalarında Viral Solunum Yolu 
Enfeksiyonları Rehberi
Viral solunum yolu enfeksiyonlarında erken tanı ve tedavinin 
öneminin vurgulandığı rehber, Amerika Transplantasyon 
Enfeksiyon Hastalıkları Derneği tarafından yayınlanmıştır. Viral 
solunum yolu enfeksiyonları transplantasyon öncesi ve sonrasında 
ağır klinik durumlara yol açabilmektedir. İnfluenzada oseltamivir 
tedavisine bu hasta grubunda erken dönemde başlanmalıdır. 
RSV’de orta, parainfluenza ve human metapneumovirüste düşük 
kanıt düzeyinde ribavirin kullanılması önerilmektedir. 
(Manuel O ve ark. Clin Transplant. 2019 Feb 28:e13511.)

Amerikan Hastanesi Klinik Deneyimleri
Yol Gösteriyor: Acil Serviste ÜSYE Klinik Yolu 
Sonuçları
Hastanemiz Acil Servis’inde uygulanan üst solunum yolu 
enfeksiyonu (ÜSYE) klinik yolunun antibiyotik tüketimine etkisinin 
araştırıldığı bu çalışmada klinik yol öncesi antibiyotik içeren 
reçete oranı %49 iken, klinik yol sonrası bu oran %29’a 
gerilemiştir. Klinik yol uygulanmaya başlandıktan sonra ÜSYE olan 
hastalarda uygun antibiyotik reçeteleme oranı %82 olarak 
saptanmıştır. 
(Madran B, Keske Ş, Uzun S, Taymaz T, Bakır E, Bozkurt İ,
Ergönül Ö. Int J Infect Dis. 2019 Apr 30.)


