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Staphylococcus aureus | & ZEMAE (SAB) IXHTERDHWVERIECTH Y, BREMEONER, BE,
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TENEETHD, EERERRE (LT, Hk) (&, 300 ROPRIERRTH Y, FEORPEEME
IEARETH DD, MECFELREEFMEE T, MRBEOFBRE, RICRELZINEL, TEE,
SERRREIET & & & ITEIE R B A A X189 % Antimicrobial stewardship program (ASP) E&h%
ToTW%, SE, HRETHRELESABEXNRE LT, Z1ERT (2008~2011 FE), ZEHE (2012~
2015 FEFE) Icn$EL, 30 BEFELRLAERT Y MALEE BEREROERERER, 14 AU DR
EREAER, MKREEORMHERE, BREOTI I —2REAEE 7O IERE LCRIELe, 7
DFER, MEECHIT S 30 BEERIE, Z1EFT: 80.0% (20/25), ZiE#% : 81.3% (39/48) (p=0.80) T
Hote, Ffe, MEICHITHBENMERDOREMFEAERIE, SABLE, MSSA TIRERGEZERDLEDL D
feht (p=0.07, 0.44), MRSA TIEBEERLEEERDT (p=0.02), WMEHTHITS 14 B EDOBEEREE
ER=RIE, 48.0% (12/25), 79.2% (38/48) (p<0.01), MAEIBEBFRERIE, 36.0% (9/25), 56.3%
(27/48) (p=0.13), #RHIEEOT O—RAEXRIK 36.0% (9/25), 47.9% (23/48) (p=0.46) ThH oz, %
ZEMRTOER, AMEICHITZHEREFBMNETESEHAFIE, MRSAEMAENA v XLt 434 (95% 15
FEXR 0 1.10~22.90), BRERBANA v Xt 587 (95% 3K : 1.43~29.98), RN ORERH
# v Xt 4.00 (95% {SFEXR © 1.06~244.47) Tholzo AMETIE, EFROREICIEWESEDL D
feh', FEHIEHEZD ASP jEBN%Z 18 Ufc SAB DREFEZSEDZIEZIZ, BEMEERORIAGAR, SABIC
B BBV aEAROER LV ELGREDORTREED T OL RIEZEDH EICEN B TR RE E
nrz,
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Examination of blood cultures and
selection of the initial therapy

Report on interim results of blood
culture to pharmacists and doctors .

ASP by pharmacists

Confirmation of collecting 2 sets of blood cultures

. Support of the initial therapy by ward pharmacists or

pharmacists for infectious diseases

Evaluation of the initial therapy and recommendation for the
appropriate antimicrobial therapy by ward pharmacists or
pharmacists for infectious diseases

ASPby pharmacists

Evaluation of the initial therapy and recommendation for the
appropriate antimicrobial therapy by pharmacists for
infectious diseases and ward pharmacists if the initial
therapy has failed, for instance the patient's clinical
symptoms do not improve.

« Recommendation for re-examination of blood cultures and

Report on final results of blood culture
to pharmacists and doctors

implementation of TTE if the initial therapy has failed.

ASP by pharmacists
« Evaluation of the current therapy and recommendation for a

definitive therapy by ward pharmacists and pharmacists for
infectious diseases

« Recommendation for re-examination of blood cultures and

implementation of TTE if these Inspections have not been done yet,
the patient’s clinical symptoms do not improve and bacteremia
persists

« Recommendation for the appropriate duration of treatment
« Recommendation for another therapy if the current therapy has

failed, for instance the patient’s clinical symptoms do not improve
and bacteremia persists

Fig. 1. Outline of pharmacist-driven support through an ASP for Staphylococcus aureus bacteremia

Pharmacists for infectious diseases and ward pharmacists support the doctors from initial therapy to definitive

therapy for Staphylococcus aureus bacteremia.
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Table 1. Patient characteristics
Pre-ASP (n=25) Post-ASP (n =48) P-value

Age (years) *! 759*114 732%+14.8 0.39
=75 years (%) 15 (60.0) 23 (47.9) 0.46
Gender (male/female) 20/5 31/17 0.19
White blood cell counts (/uL) *! 16108.0 + 5043.2 11020.8 = 4646.8 <0.01
Blood urea nitrogen (mg/dL) *!- 23.5+10.8 28.5*21.4 0.59
eGFR (mL/min/1.73 m?) *1.23 67.6+24.9 589+249 0.17
Hemodialysis 3(12.0) 8(16.7) 0.74
Malignancy 1(4.0) 6(12.5) 0.41
Diabetes mellitus 7 (28.0) 25 (52.1) 0.08
Acute kidney injury™** 7 (28.0) 15(31.3) 1.00
Acute liver injury™*° 6(24.0) 9(18.8) 0.76
MSSA (%) 13 (52.0) 21 (43.8) 062
MRSA (%) 12 (48.0) 27 (56.3) :
Nosocomial infections (%) 23(92.0) 44 (91.7) 1.00
Source of infections

Catheter-related bloodstream infection (%) 11 (44.0) 19 (39.6) 0.72

Diabetic foot (%) 4(16.0) 3(6.3) 0.18

Surgical site infection (%) 3(12.0) 7(14.6) 0.76

Infective endocarditis (%) 1(4.0) 2(4.2) 0.97

Bone and joint infections (%) 0(0.0) 3(6.3) 0.20

Pyelonephritis (%) 0(0.0) 2(4.2) 0.54

Others™® (%) 1(4.0) 5(10.4) 0.66

Unknown source of infection (%) 5(20.0) 7(14.6) 0.55

*1a+b: Means = SD
*2 Excluding patients with hemodialysis.
*3 eGFR was the estimated glomerular filtration rate.

*4We evaluated acute kidney injury based on the KDIGO criteria.

*5We defined acute liver injury that as levels of aspartate aminotransferase and alanine aminotransferase more than twice

the normal ranges or abnormal total bilirubin.

*6 Others were liver abscess in pre-ASP, febrile neutropenia, bacterial aneurysm, infectious aortic dissection, subcutaneous

abscess, and graft infection of dialysis patient in post-ASP.
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v -\_\_\_‘_\_\_\_\—
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p=10.80
0.0
0 5 10 15 20 25 30
Days
No. of patients
Pre-ASP 25 25 24 21 21 21 20
Post-ASP 48 47 44 42 41 39 39

Pre-ASP (n = 25)

=Post-ASP (n =48)

Fig. 2. Cumulative 30-day survival rate in patients pre-ASP and post-ASP for SAB
Data of the pre-ASP group were collected between April 1, 2008 and March 31,
2012, and data of the post ASP group were collected between April 1, 2012 and
March 31, 2016. Data were compared using the Kaplan-Meier method and log-rank

test.

Table 2.

Rate of recurrence of SAB and adverse drug reactions in pre-and post-ASP

Number of patients (%)

P-value
Pre-ASP (n=25) Post-ASP (n=48)
Recurrence of SAB after the treatment 4(16.0) 5(10.4) 0.48
Adverse drug reactions 4(16.0) 4(8.3) 0.43
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WIEPIHIE O BRREMAEE Fig. 310K T, &k
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A. Cumulative use with adherence to appropriate antimicrobial
therapy in patients pre-ASP and post-ASP for SAB
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Pre-ASP 25 13 8 6 4
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Pre-ASP (n=25) ==—=—Post-ASP (n=48)

C. Cumulative use with adherence to appropriate antimicrobial
therapy in patients pre-ASP and post-ASP for MRSA
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B. Cumulative use with adherence to appropriate antimicrobial
therapy in patients pre-ASP and post-ASP for MSSA
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Fig. 3. Cumulative use adherence to appropriate antimicrobial therapy in patients pre-ASP and post-ASP for SAB, MSSA and

MRSA

(A) Cumulative use adherence to appropriate antimicrobial therapy in patients pre-ASP and post-ASP for SAB. (B) Cumula-
tive use adherence to appropriate antimicrobial therapy in patients pre-ASP and post-ASP for MSSA. (C) Cumulative use
adherence to appropriate antimicrobial therapy in patients pre-ASP and post-ASP for MRSA. Data of the pre-ASP group
were collected between April 1, 2008 and March 31, 2012 and data of the post-ASP group were collected between April 1,
2012 and March 31, 2016. Data were compared using the Kaplan-Meier method and log-rank test.
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Table 3. Antimicrobial agents for the initial therapy in pre-and post-ASP

Number of patients (%)

P-value
Pre-ASP (n=25) Post-ASP (n=48)
Administration of anti-MRSA agents 6(24.0) 23 (47.9) 0.08
Vancomycin 3(12.0) 10(20.8) 0.59
Daptomycin 1(4.0) 12 (25.0) 0.01
Teicoplanin 1(4.0) 0(0) 0.16
Linezolid 1(4.0) 1(2.1) 0.63
Other antimicrobial agents 18 (72.0) 43(89.6)
Tazobactam/Piperacillin 3(12.0) 17 (35.4) 0.03
Other Penicillins 1(4.0) 3(6.3) 0.69
1st Cephalosporin 0(0) 4(8.3) 0.14
4th Cephalosporins 3(12.0) 1(2.1) 0.08
Other Cephalosporins 1(4.0) 3(6.3) 0.68
Carbapenems 10 (40.0) 13(27.1) 0.26
Fluoroquinolones 0(0) 1(2.1) 0.47
Others 0(0) 1(2.1) 047
No therapy 5(20.0) 2(4.2) 0.04
Combination with anti-MRSA agents and others 4(16.0) 20 (41.7) 0.04

Table 4. Antimicrobial agents from starting the initial therapy to before the definitive therapy in pre-

and post-ASP
Number of patients (%) *!
P-value
Pre-ASP (n=25) Post-ASP (n =47)
Administration of anti-MRSA agents 15 (60.0) 39 (83.0) 0.046
Vancomycin 9 (36.0) 11(23.4) 0.26
Daptomycin 2(8.0) 24 (51.1) <0.01
Teicoplanin 4(16.0) 0(0) <0.01
Linezolid 0(0) 4(8.5) 0.13
Other antimicrobial agents 18 (72.0) 42 (89.4)
Tazobactam/Piperacillin 3(12.0) 17 (36.2) 0.03
Other Penicillins 0(0) 2(4.3) 0.30
1st Cephalosporin 0(0) 3(6.4) 0.20
4th Cephalosporins 2(8.0) 1(2.1) 0.24
Other Cephalosporins 2(8.0) 2(4.3) 0.51
Carbapenems 11 (44.0) 16 (34.0) 0.41
Fluoroquinolones 0(0) 1(2.1) 0.46
Combination with anti-MRSA agents and others 8(32.0) 34 (72.3) <0.01

*1'We evaluated the use of antimicrobial agents for surviving cases.
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Table 5. Antimicrobial agents for the definitive therapy in pre-and post-ASP

Number of patients (%) *!

P-value
Pre-ASP (n=24) Post-ASP (n =46)
Administration of anti-MRSA agents 16 (66.7) 30 (65.2) 1.00
Vancomycin 9(37.5) 12(26.1) 0.32
Daptomycin 2(8.3) 15 (32.6) 0.02
Teicoplanin 3(12.5) 1(2.2) 0.08
Linezolid 0(0.0) 2(4.3) 0.30
Arbekacin 2(8.3) 0(0.0) 0.047
Other antimicrobial agents 7(29.2) 25 (54.3)
Tazobactam/Piperacillin 0(0.0) 5(10.9) 0.09
Other Penicillins 0(0.0) 5(10.9) 0.09
1st Cephalosporin 2(8.3) 4(8.7) 0.95
4th Cephalosporins 1(4.2) 1(2.2) 0.63
Other Cephalosporins 0(0.0) 1(2.2) 0.47
Carbapenems 4(16.7) 7(15.2) 0.87
Oral Levofloxacin 0(0) 2(4.3) 0.30
Discontinue treatment before the definitive therapy 4(16.7) 0(0.0) 0.01
Combination with anti-MRSA agents and others 4(16.7) 9(19.6) 1.00

*1'We evaluated the use of antimicrobial agents for surviving cases.

Table 6. Rate of serum trough concentrations of vancomycin in pre-and post-ASP

Trough concentrations Number of patients** (%) vl
. -value
of vancomycin Pre-ASP (n=10)  Post-ASP (n=15)
Too low: <10 yg/mL 2(20.0) 2(133) 0.66
Target: 10-20 zg/mL 3(30.0) 11(73.3) 0.03
Too high: >20 ug/mL 5(50.0) 2(13.3) 0.046

*IWe evaluated the rate of serum trough concentrations of vancomycin for pa-
tients who used it for more than 4 days in pre-and post-ASP.

Table 7. Rate of de-escalation in pre-and post-ASP

Number of patients *! (%)
Pre-ASP (n=21) Post-ASP (n=44)

P-value

De-escalation within 2 days after antimicrobial susceptibility testing reports 3(14.3) 21 (47.7) 0.01

*I'We evaluated the rate of de-escalation for possible modifiable patients and excluded untreated case and definitive therapy from the
initial therapy in pre-and post-ASP.

Table 8. Rate of adherence with care bundle on SAB in pre-and post-ASP

Number of patients (%)
P-value
Pre-ASP (n =25) Post-ASP (n =48)
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

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

TIETMSSA £ ) 4193 EATAEHRELTE TlE, MRSA BIME (2% L Tl 1EPu i 8 6 H =313
DY van Hal 5 ® Review |2 B\ T H MRSA (& THEBETHEEIC LA LT, 2HEBEFTOfH
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Table 9. Univariate and multivariate analysis of mortality by risk factor in patients with SAB

Number of patients (%)
P-value
Alive (n=59) Dead (n=14)

75 years or more 29 (49.2) 9 (64.3) 0.38
Hemodialysis 7(11.9) 4(28.6) 0.20
Malignancy 5(8.5) 2(14.3) 0.61
Diabetes mellitus 25 (42.4) 7 (50.0) 0.77
MRSA bacteremia 28 (47.5) 11(78.6) 0.04
Appropriate treatment in the initial therapy 39 (66.1) 7 (50.0) 0.36
Administration of anti-MRSA agents in the initial therapy 23(39.0) 6(42.9) 1.00
Acute renal injury 19 (32.2) 3(21.4) 0.53
Acute liver injury 12 (20.3) 3(21.4) 1.00
ASP intervention 39 (66.1) 9 (64.3) 1.00
Source of infections

Catheter-related bloodstream infection 25 (42.4) 5(35.7) 0.65

Unknown 7(11.9) 5(35.7) 0.03

Surgical site infection 9(15.3) 1(7.1) 0.43

Osteomyelitis and diabetic foot 9(15.3) 1(7.1) 0.43

Infective endocarditis 1(1.7) 2(14.3) 0.03

Pyelonephritis 2(3.4) 0(0) 0.48

Others 6(10.2) 0(0) 021

Table 10. Multivariate analysis of mortality by risk fac-

tor in patients with SAB
0Odds rate (95% CI) P-value
MRSA bacteremia 4.34 (1.10-22.90) 0.04
Unknown 5.87 (1.43-29.98) 0.02
Infective endocarditis 4.00 (1.06-244.47) 0.046
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Staphylococcus aureus bacteremia (SAB) is a high-mortality infectious disease and may cause complica-
tions such as infective endocarditis, abscess formation, or osteomyelitis. Therefore, it is very important to
select appropriate antimicrobial agents at an early stage and to adhere to treatment for more than 14
days.

Although the Yokohama General Hospital is a medium-sized hospital with 300 beds, full-time infectious
disease specialists are lacking. Therefore, pharmacists of the Certified Infectious Disease Chemotherapy
Pharmacists (CIDCPs) group have implemented an antimicrobial stewardship program in which CIDCPs
assist physicians and ward-pharmacists to evaluate interim and final reports of blood culture, and provide
support for appropriate infectious disease treatment.

In this study, we evaluated the 30-day survival rate and adherence to cumulative use of appropriate an-
timicrobial agents, treatment with antimicrobial agents for more than 14 days, re-examination of blood cul-
ture, and implementation of transthoracic echocardiography in the pre-ASP (2008-2011) and post-ASP
(2012-2015) periods. Results showed that the 30-day survival rate as one of the outcome indicators was
80.0% (20/25) in the pre-ASP period, and 81.3% (39/48) in the post-ASP period, which was not a significant
difference. Although adherence to the cumulative use of appropriate antimicrobial agents for SAB and
MSSA bacteremia as process indicators was not significantly different between the pre-ASP and post-ASP
groups, that for MRSA was significantly different (p=0.02). Treatment adherence for more than 14 days in
the pre-ASP and post-ASP groups as one of the process indicators was 48.0% (12/25) and 79.2% (38/48) (p
<0.01), respectively; adherence to re-examination of blood culture as one of the process indicators was
36.0% (9/25) and 56.3% (27/48) (p=0.13), respectively; and adherence to implementation of transthoracic
echocardiography as one of the process indicators was 36.0% (9/25) and 47.9% (23/48) (p=0.46), respec-
tively. In a multivariate analysis, factors which increased mortality were MRSA bacteremia (odds rate
4.34, 95% confidence interval 1.10-22.90), unknown infection sites (odds rate 587, 95% confidence interval
1.43-29.98), and infective endocarditis (odds rate 4.00, 95% confidence interval 1.06-244.47). In conclusion, al-
though this study found that pharmacist-driven ASP did not improve 30-day survival as one of the out-
come indicators, it improved adherence to appropriate antimicrobial therapy for MRSA, the appropriate
treatment duration for SAB, and the rate of the target trough concentration of vancomycin as process in-
dicators.
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