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Table 1. Recommendations for implementing an antimicrobial stewardship program
. Strength of Quality of
Recommendations recommen- K
dation evidence
Interventions
1. Preauthorization and/or prospective audit and feedback about the absence of such interventions Strong Moderate
2. Didactic materials should not be solely relied upon for stewardship Weak Low
3. Antimicrobial stewardship programs (ASPs) should develop facility-specific clinical practice guidelines Weak Low
coupled with a dissemination and implementation strategy
4. ASPs should implement interventions to improve antibiotic use and clinical outcomes that target patients Weak Low
with specific infectious diseases syndromes
5. Antimicrobial stewardship interventions should be designed to reduce the use of antibiotics associated Strong Moderate
with a high risk of Clostridium difficile infection as compared to that in the absence of intervention
6. Strategies such as antibiotic time-outs and stop orders should be used to encourage prescribers to perform Weak Low
routine review of antibiotic regimens to improve antibiotic prescribing
7. Computerized clinical decision support system should be incorporated into the electronic health record at Weak Moderate
the time of prescribing be incorporated as part of ASPs to improve antibiotic prescribing
8. Antibiotic cycling should not be used as a stewardship strategy Weak Low
Optimization
9. Hospitals should implement PK monitoring and adjustment programs for aminoglycosides Strong Moderate
10. Hospitals should implement PK monitoring and adjustment programs for vancomycin Weak Low
11. ASPs should advocate the use of alternative dosing strategies vs. standard dosing for broad-spectrum Weak Low
[-lactams to decrease costs
12. ASPs should implement programs to increase both appropriate use of oral antibiotics for initial therapy Strong Moderate
and timely transition of patients from intravenous to oral antibiotics
13.In patients with a history of f-lactam allergy, ASPs should promote allergy assessments and penicillin Weak Low
skin testing when appropriate
14. ASPs should implement guidelines and strategies to reduce antibiotic therapy to the shortest effective du- Strong Moderate
ration
Microbiology and Laboratory Diagnostics
15. Stratified antibiograms should be developed over solely relying on nonstratified antibiograms to assist Weak Low
ASPs in developing guidelines for empiric therapy
16. Selective and cascade reporting of antibiotics should be performed over reporting of all tested antibiotics Weak Low
17. Rapid viral testing for respiratory pathogens should be used to reduce the use of inappropriate antibiotics Weak Low
18. Rapid diagnostic testing should be performed in addition to conventional culture and routine reporting Weak Moderate
on blood specimens if combined with active ASPs support and interpretation
19. In adults in ICUs with suspected infection, serial PCT measurements should be performed as an interven- Weak Moderate
tion by ASPs to decrease antibiotic use
20. In patients with hematologic malignancy at risk of contracting invasive fungal disease, nonculture-based Weak Low
fungal markers should be incorporated in ASPs interventions to optimize antifungal use
Measurement
21. Antibiotic use should be monitored by days of therapy (DOTs) in preference to defined daily dose (DDD) Weak Low

22. Antibiotic costs should be measured based on prescriptions or administrations instead of on purchasing
data
23. Measures that take into consideration the goals and size of the syndrome-specific interventions should be

Good practice recom-
mendation
Good practice recom-

used mendation
Special Populations
24. ASPs should develop facility-specific guidelines for Fever and Neutropenia management in hematology- Weak Low
oncology patients over no such approach
25. Implementation of ASPs interventions to improve prescriptions of antifungal agents for immunocompro- Weak Low

mised patients

26. In nursing homes and skilled nursing facilities, implementation of antibiotic stewardship strategies to de-
crease unnecessary use of antibiotics

27. Implementation of antibiotic stewardship interventions to reduce inappropriate antibiotic use and/or re-
sistance in the NICU

28.In terminally ill patients, ASPs provide support to clinical care providers in making decisions related to
antibiotic treatment

Good practice recom-
mendation
Good practice recom-
mendation
Good practice recom-
mendation
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Use of specific
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- Patient receiving antifungal agents

Signs of infection - Patients positive for microbial culture test

(ex. blood culture)

- Biomarker positive patients (ex. f-D-glucan)

Specific patient
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- Patients with febrile neutropenia
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Selection of - Antibiogram
antimicrobial agents - Imaging diagnosis
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- Microbial culture testing

- Genetic testing

- TDM
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pharmacodynamics theory

Dosage regimen for
antimicrobial agents

. Discontinuation/ - Administration period (2 weeks or more)
- Intensive care L . L A
. change of antimicrobial | - Route of administration (intravenous/
- Organ transplantation
agents oral)

education and enlightenment activities for staff

Utilization of various guidelines, introduction of electronic medical records and infection control software,

Fig. 1.

(Modified from the reference 4)

Example of an antimicrobial stewardship intervention process in Japan

For conducting the intervention, each institution must first determine how to monitor the patient as the target of antimicrobial

stewardship and how to monitor the proper use of antimicrobial agents. In general, use of specific antimicrobial agents and posi-

tive blood cultures are as the trigger to start monitoring. However, it is also effective to target specific infectious diseases or

groups of diseases. It is possible to select the indications according to the situation at each facility.
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Table 2. Rates of infectious diseases in pharmacist-driven antimicrobial stewardship between 2012 and 2013

Total number of patients (%)

Diagnosis 2012 2013 P-value™
n=138 n =347
Catheter-related bloodstream infection 31 (22.5) 47 (13.5) 0.02
Bloodstream infection (other than CRBSI) 21(15.2) 40 (11.5) 0.27
Pneumonia 27 (19.6) 74 (21.3) 0.67
Surgical site infection 14 (10.1) 66 (19.0) 0.02
Urinary tract infection 9(6.5) 11(3.2) 0.09
Diabetic foot 17 (12.3) 30 (8.6) 0.22
Osteomyelitis 4(2.9) 21 (6.1) 0.16
Abdominal infection 8(5.8) 28 (8.1) 0.39
Febrile neutropenia 1(0.7) 9(2.6) 0.19
Others 6(4.3) 21(6.1) 0.46

*Data were compared using the chi-squared test with the statistical significance level set at p<0.05.
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Table 3. Rates of types of intervention in pharmacist-driven antimicrobial stewardship between 2012 and 2013

Total number of interventions (%)

Types of intervention 2012 2013 P-value*
n=2313 n =653
Antimicrobial use 123 (39.3) 268 (41.0) 0.61
Dosage and administration 76 (24.3) 167 (25.6) 0.66
Therapeutic drug monitoring 17 (5.4) 60 (9.2) 0.04
Source of infection 31(9.9) 55(8.4) 0.45
Bacterial culture tests and laboratory tests 49 (15.7) 52 (8.0) <0.001
Adverse drug reactions 11(3.5) 38 (5.8) 0.13
Drug interactions 6(1.9) 13 (2.0) 0.94

*Data were compared using the chi-squared test with the statistical significance level set at p<<0.05.

[Target serum concentration]

Trough concentration of vancomycin: 10-15 ug/mL (severe cases: 10-20 ug/mL)
Caution;
When the trough concentration of VCM is more than 15 ug/mL, the rate of development of renal function impairment
increases. Therefore, if the target trough concentration exceeds 15 ug/mL in the early stages, it is necessary to pay close
attention to the kidney function.
If VCM is administered concomitantly with aminoglycosides, the trough concentration of VCM should be less than 15 ug/mL.

[Timing of measurement of the serum concentration]

Principle;
Immediately prior to administration on the third day of administration (it is nearly steady-state at this time when a loading
dose is given on the first day or the injection is administered twice a day).
When the administration is continued for 7 days or more, the serum concentration is measured again after day 7.

Exceptionl;
Depending on the blood collection schedule, it is also possible to measure the serum concentration just before administration
on the fourth day (e.g., severe case, acute kidney injury, chronic kidney disease).

Exception2;
In case of weekends or cases where it is difficult to estimate the serum concentration, measurement on day 2 of

administration may also be considered.

Fig. 2. Example of measurement of the serum concentration of vancomycin

We modified the TDM guideline” to a method that is consistent with the practice at our hospital to avoid outsourcing the
serum concentration measurement. In addition, we also introduced PBPM by ward pharmacists.
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Infectious disease physician (Part time)

o 1

AST
Doctors (ICD*!)
Pharmacist (IDCP*?)
Nurse (ICN*?)
©) Clinical laboratory technician ®
Wards
Doctors
&) @ Pharmacists **

Clinical ©) (IDCPs and
laboratory non-IDCPs)

(outside) Nurses

*11CD: infection control doctor

*2IDCP: infectious disease chemotherapy pharmacist

*3ICN: infection control nurse

**We have allocated IDCPs to each ward since 2016.

Fig. 3. Pharmacist-driven antimicrobial stewardship system for bacteremia and severe infections

(D The IDCPs receive the interim and final results of bacteriological examination. (2) The IDCPs consult the clinical laboratory
about the pathogenic bacteria in the reports (For example, the IDCPs consult the laboratory about the shape of the bacteria in
the interim report, the MIC for the identified microorganism, the setting breakpoint, etc.). 3 The pharmacist and doctors in the
AST confirm and support the activities of the ward pharmacist including IDCPs. (@) For patients with severe or refractory infec-
tious diseases, the IDCP in the AST consult with doctors or pharmacists in the ward. & The IDCP in the AST report cases of bac-
teremia and cases with refractory infections at the weekly AST meetings and receive advice from the infectious disease physician
or doctors in the AST, as needed. In addition, for patients suffering from severe and/or refractory infectious diseases despite AST
support, the IDCPs consult the infectious disease physician along with the ward pharmacists or attending doctors.

Pharmacist-driven antimicrobial stewardship

« Confirmation of collection of 2 sets for blood cultures

« Support of the initial therapy by ward pharmacists

« Evaluation of the initial therapy and recommendation for appropriate antimicrobial
therapy by ward pharmacists

« The IDCP*! and doctors in the AST support ward pharmacists

Examination of blood cultures and
selection of the initial therapy of
bacteremia and severe infections

Pharmacist-driven antimicrobial stewardship

« Evaluation of the initial therapy and recommendation for appropriate antimicrobial
therapy by ward pharmacists if the initial therapy has failed, for example, when the
patient’s clinical symptoms do not improve

+ Recommendation for re-examination of blood cultures and search for sources of
infection if the initial therapy has failed

« The IDCP and doctors in the AST support ward pharmacists

Positive report on interim results
of blood culture to pharmacists
and doctors

Report on final results of blood Pharmacist-driven antimicrobial stewardship

Evaluation of the current therapy and recommendation of a definitive therapy by
ward pharmacists

Recommendation for re-examination of blood cultures and search for sources of
infection if these inspections have not been done yet, the patient’s clinical symptoms
do not improve, and/or bacteremia persists

Recommendation for the appropriate duration of treatment

Recommendation for another therapy if the current therapy has failed, for example,
when the patient’s clinical symptoms do not improve and/or the bacteremia persists
The ICDP and doctors in the AST support ward pharmacists

culture to pharmacists and doctors

*1IDCP: infectious disease chemotherapy pharmacist

Fig. 4. Outline of pharmacist-driven antimicrobial stewardship for patients with bacteremia and severe infections
Pharmacist-driven antimicrobial stewardship system, support attending doctors from the initial therapy to definitive therapy
for patients with bacteremia and severe infections. In addition, IDCP and doctors in the AST support the ward pharmacists.

BAEFREFRMEE Vol 67 No. 5

549



550

(#655] SEEBMEZD AS EE)

(A) Number of annual blood culture collections
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(B) Two-sets collection rate for blood culture
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Fig. 5. Trends in the number and two-set sample collection rate for blood cultures per year
(A) Annual number of blood culture collections between 2011 and 2017. Data on blood cultures were collected yearly between
April 1 and March 31 of the following year. (B) Two-set sample collection rate for blood culture between 2011 and 2017. Data
on the two-set sample collection rate for blood culture were collected yearly between April 1 and March 31 of the following

year.

W] T 2IC B IR ERIEPUR, LY
T A7 THUES (BEvflz &d) 128105
Tugvy b=y [EREIERES] ($E 6% &)
28T % B-D-7 )V 71 ], [daptomycin % 5- %
WBIFAZ LT F R AFRFF—+] [liposomal
amphotericin B #%5-E& 128175 K, Mgfii] 7%
ST AMAHE OB 7T b a— v 2R L,
AN D RATAT TE BMEH & L7ze F72, Gt
#¢F— 24 (infection control team : ICT) &#HET
FHHEFOIRREIC [38C DL oA Ik 22 2
oy MR BNz, KM T A EM AR &%
PRINLT & B RH HREEE L 720
V.  FEEREREERERZROE LIcMEEEEER
THRAHIDEBE

BEERFFLTIE, WTREZ PR ) iR C IR G RERS 5L
EERATZ ZHAIM A2 BT 2 BT, HiROFESE
T FH S22 7 SR e HH 214 551 Bl & o AR B 8 55) il
TITH) S TEBTHBLULEREZXA L EHIZ, H
FALFHFE TR ORRERIE T b 2 PR L F LR E
SR OIG 2 HEAE L CERPIESH SR IZHBT &
LEHIMOBR AT 720 T ORER, PURILFERDE
FRERRAIM AL 2011 I 1 HTH o 7228, 2015 4F
1224, 2016 4F-12 6 %4, 2017 4E12 7 44, 2018 4E 12
9% L motze F72, 2016 -2 S IX KRB HLHAL
SRR IEHI AT A FL i L C R RE 2 BR 1) SRR e

BAMEFEREFRMEE Vol 67 No. 5

FIRT 23 HU R 38 B SR oL 2 dl & LT,
AST &l L 72 FBE I & B IBYIEE RO L IE L
TG B % 8 U 72 DU time  outs (P TIEPLA
SEBAAG TR 72 W AR EE CIRAWE OFEEE, PURHEIR,
ik - &, ¥548E8E, de-escalation DU, (G
WM ER2FMT AL & LTWD) BTV, g
FEFH L SEHIAG L 2 OB & 5 5 %3 A 1 dl~N L1k
#l% 7 b L7 (Figs. 3, 4)o
V. NMEXBEERZEABIORR (7Ot X1
1B, 770 N ALIERICEEY S5
1. MRIBEFREREFL, 2 v FROHR

2011 4EFEA S 2017 4EBE I\ BT B ML B 28 BRI
¥, 24y MESFEE Fig 518 Y. HEIRTO 2011
AR VAR PR 50 268 1, 2 £ v M ESFERIZ 25.7%
Th o705, HHROHY) MM K o TEMBRIUEL
1$ 2015 FRELIRELC 2000 UL EE 22 ), 20y bE
SFERIT 2014 4ERE LIRS 90% DLl & 7 5 72,
2. MRBEGHEGICEIT 5ZERSE

2012, 2013 4EBEIC BT B M5 22 b P Bk 3
% FEH [ O FHH AR R OMGERE % Fig. 6, Table
4IRS RG> & FAIM AR L7 (Wi
EHESCIERE) L AER I IR T 2 3% I B
2O PR DL S04 L 72T (A I S 32 1)
(P4 U OMRE L 7oA 2R, SR IEPUR SR R &
de-escalation F = ZINER IR THEIZE <,



(#657] SEEBMEZD AS EE)

—— Intervention group for the initial therapy (n=35) Non-intervention group for the initial therapy (n=44)
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Fig. 6. Cumulative rate of achievement of appropriate antimicrobial therapy in patients with intervention or non-intervention
in relation to the initial therapy
We set the day on which the sample for blood culture was collected as Day 1. The cumulative rate of achievement of appro-
priate antimicrobial use for the initial therapy as assessed by the Kaplan-Meier method was 82.9% on day 1, 88.6% on day 3,
and 97.1% on day 4 in the intervention group, and 43.2% on day 1, 50.0% on day 2, 77.3% on day 3, and 84.1% on day 4 in the
non-intervention group; the rate was significantly higher in the intervention group than that in the non-intervention group
(p<0.01). The intervention for the initial therapy was supported by the IDCP. Data were collected between April 1, 2012
and March 31, 2014, analyzed by the Kaplan-Meier method and compared by the log-rank test. The statistical significance
level was set at p<0.05.

Table 4. Rates of 30-day survival, change of antimicrobial agents at interim and final reports and de-escalation in
patients with intervention and non-intervention for the initial therapy

Number of patients (%)
Intervention group for the Non-intervention group for P-value*
initial therapy (n = 35) the initial therapy (n = 44)
30-day survival rate 33(94.3) 35(79.5) 0.10
At the interim and final reporting 8(22.9) 24 (54.5) <0.01
De-escalation after the final reporting 9(25.7) 3(6.8) 0.03

*Data were compared using the Fisher’s exact test with the statistical significance level set at p<0.05.
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(A) Number of urinary antigen tests for Legionella and
S. pneumoniae

(B) Rates of antimicrobial use in urinary pneumococcal antigen-positive

cases™!

- _—r 2011 2012 2013
& i (n=6) (n=28) (n=13)
° The appropriate
2 antimicrobial agents™? (%) 2(33.3) 3(37.5) 12(92.3)
.l
§ ; ; SBT/ABPC (%) 1(16.7) 3(37.5) 11 (84.6)
= i CTRX (%) 1(16.7) 0(0) 0(0)
g5 o
£ 7
E i LVFX (%) 0(0) 0(0) 1(7.7)
5
vg w TAZ/PIPC (%) 4(66.7) 5(62.5) 1(7.7)
=S 1
Z
H <P-value>
—— 2011 vs.2012: p = 1.00, 2011 vs. 2013 : p = 0.04
T T T 2012vs.2013: p=0.04
2011 2012 2013 *1 We conducted the evaluation after excluding patients with pulmonary
L [ | diseases such as chronic obstructive pulmonary disease, nursing and
p=0.10 p=003 healthcare-associated pneumonia and severe pneumonia, for which
: selection of carbapenem should be considered.
p<0.01 *2 We defined SBT/ABPC, CTRX and LVFX, which are recommended in

guidelines as appropriate antimicrobial agents.

Fig. 7. Number of urinary antigen tests for Legionella and S. pneumoniae and rate of antimicrobial use for urinary pneumo-

coccal antigen-positive cases

(A) Number of urinary antigen tests for Legionella and S. pneumoniae between 2011 and 2013. Data on urinary antigen

tests for Legionella and S. pneumoniae were collected yearly between April 1 and March 31 of the following year and estab-

lished monthly. (B) The rate of antimicrobial use in urinary pneumococcal antigen-positive cases between 2011 and 2013.

Data on antimicrobial use for urinary pneumococcal antigen-positive cases were collected yearly between April 1 and

March 31 of the following year and compared using the Kruskal-Wallis test (A) and chi-squared test (B). The statistical

significance level was set at p<<0.05.
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(B) Cumulative use with adherence to appropriate antimicrobial

(A) 30-day survival rate in patients with SAB pre-ASP and post-ASP therapy in patients with SAB pre-ASP and post-ASP
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Fig. 8. 30-day survival rate and cumulative use with adherence rate appropriate antimicrobial therapy in SAB patients pre-
ASP and post-ASP
(A) 30-day survival rate in SAB patients pre-ASP and post-ASP. (B) Cumulative use with adherence rate to appropriate
antimicrobial therapy in patients pre-ASP and post-ASP for SAB. (C) Cumulative use with adherence rate appropriate an-
timicrobial therapy in MSSA infection patients pre-ASP and post-ASP. (D) Cumulative use with adherence rate to appro-
priate antimicrobial therapy in MRSA infection patients pre-ASP and post-ASP. We set the day on which the sample for
blood culture was collected as Day 1. The pre-ASP group data were collected from April 1, 2008 to March 31, 2012 and the
post-ASP group data were collected from April 1, 2012 to March 31, 2016. Data were analyzed by the Kaplan-Meier meth-
od and compared by the log-rank test, with the statistical significance level set at p<0.05.

Table 5. Rates of adverse drug reactions, de-escalation and adherence with care bundle in patients with
SAB in pre-and post-ASP

Pre-ASP (n =25) Post-ASP (n=48) P-value*?
Rate of adverse drug reactions 4(16.0%) 4(8.3%) 0.43
Rate of de-escalation®! 2 (8.0%) 17 (35.4%) 0.01
Administration for 14 days or more 12 (48.0%) 38 (79.2%) <0.01
Re-examination of blood culture*? 9 (36.0%) 27 (56.3%) 0.13
Implementation of TTE *? 9 (36.0%) 23 (47.9%) 0.46

*1'We evaluated the rate of de-escalation during antimicrobial agent administration after antimicrobial
susceptibility testing reports pre-and post-ASP.

*2 We evaluated these events with or without implementation before treatment completion.

*3 Data were compared using the chi-squared test with the statistical significance level set at p<0.05.
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Pharmacist-driven antimicrobial stewardship activities: efficacy of
pharmacist-driven antimicrobial stewardship activities and
construction of a system centering on ward pharmacists

Masaru Samura
Department of pharmacy, Yokohama general hospital, 2201-5 Kurogane-cho, Aoba-ku, Yokohama, Kanagawa, Japan

Guidelines for implementing antimicrobial stewardship programs in Japan recommend the formation of
antimicrobial stewardship teams (ASTs) with the active involvement of pharmacists specially qualified in
infectious diseases. Yokohama General Hospital is a medium-sized hospital with 7 wards and 300 beds. Our
hospital does not have a full-time infectious disease physician. However, we started pharmacist-driven an-
timicrobial stewardship in 2012. Our pharmacist-driven antimicrobial stewardship to ensure appropriate
antimicrobial therapy mainly involves implementation of early intervention for cases with bacteremia and
severe infections, preparation of treatment protocols for some infectious diseases, performance of thera-
peutic drug monitoring of antimicrobial agents on protocol-based pharmaceutical care, which we called
protocol-based pharmacotherapy management, and promotion of sample collection for blood culture with
the cooperation of the infection control team. In addition, we have continuously trained infectious disease
chemotherapy pharmacists (IDCPs) and placed them in each ward to improve the activities of the AST
and antimicrobial agent time-outs (to evaluate the type of infection, antimicrobial selection, dosage, route
of administration, propriety of de-escalation and duration of treatment at about 72 hours after the start of
antimicrobial therapy) in the wards. In general, because the activities of the AST are limited by the num-
ber of members and the available time, it is considered that ward pharmacists establishing relationships
with the attending doctors could be the key persons in antimicrobial stewardship.

Placement of IDCPs in each ward may enhance the quality antimicrobial stewardship and possibly con-
tribute to improvements of the process indicators and outcomes. In particular, we think that the roles
played by IDCPs in wards play a major role in supporting the proper use of antibiotics in the absence of
infectious disease specialists.
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