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Fundamental pharmacy service

Dedicated to ICU care

Evaluate drug therapy, including parenteral nutrition
— Indication, dosage, allergy, interaction, TDM, monitor efficacy and ADE

Provide drug information

Provide drug therapy related education to ICU team members
Document specific recommendation

ADR report

Implement and maintain policies and procedures related to
safe and effective use of drug in ICU



Desirable pharmacy service

Attend rounds regularly as a member of multidisciplinary team

Medication reconcillation

— Figure out drug related ICU admissions
Provide formal nutrition consultation and response within 24 hours
Member of CPR team
Provide didactic lectures of critical care to students

Training pharmacy students, residents and fellows
through experiential critical care rotation

Development and implantation of drug therapy protocol

Participate in research and publish reports



Optimal pharmacy service

Assist physicians in discussion with patient and family members to make
decisions

Provide formal accredited education sessions for medical staff, students
and residents

Teaching ACLS

Develop resident and fellowships training program

Evaluate the impact of guideline or protocol
Pharmacoeconomic analysis to evaluate pharmacy services
Secure funds to conduct research

Reports of research result at regional or national meetings
Publishes in peer-reviewed pharmacy and medical literature
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First 2 year as clinical pharmacist
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As time goes by
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Case: MTX intoxication

48 y/o male, PMH: psoriasis (MTX 10mg qw) and CKD

Admitted to ICU due to septic shock s/p vasopressor and
CVVH support
— P. aeruginosa bacteremia

— Severe neutropenia, diarrhea, mucositis, acute on chronic kidney
disease — MTX intoxication

Question: Could CVVH remove MTX efficiently?
— Literature:
 Hemodialysis could remove MTX
e Only 3 case report for CVVH effect on high dose MTX intoxication
* No such data on low dose MTX intoxication



SHORT COMMUNICATION

Successful Elimination of Methotrexate by Continuous Veno-venous Haemofiltration in a Psoriatic
Patient with Methotrexate Intoxication

Chien-Chih Wu'*, Chih-Fen Huang'*, Li-Jiuan Shen' and Fe-Lin Lin Wu'>*
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Renal function monitoring of MTX use

Plan - Do -

% 2013.7.17 One case of low dose MTX * Issued Dear Doctor letter to inform the importance of
related severe pancytopenia was renal function evaluation before low dose MTX use
reported. *  Order system automatically check if there is renal

function data in recent 3 month if MTX is prescribed.
* Add interaction warning of PPI and penicillin antibiotics

* This event resulted from that renal
function was not evaluated recently
before initiating MTX

Act - Check -

* Continuous education, esp. for the new | + No more low dose MTX related pancytopenia afterwards
colleagues

* Actively monitor low dose MTX related

pancytopenia
. mwnl 1 — | E—
I FEn X HIEHER
PRIEFATL © Methotrexate Sodium (Methotrexate 2.5 mg/tab) 1tab PO QD Start on 05/27 15:00

ZOAEALES: ¢ Increased risk of methotrexate toxicity

s 77 ¢ Closely monitor MTX levels in patients receiving concomitant PPI and methotrexate. The PPI may have to be
discontinued during methotrexate administration.

f#i## . Decreased renal elimination of methotrexate by esomeprazole
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Acute Hepatotoxicity of Intravenous Amiodarone: Case
Report and Review of the Literature

Chia-Chi Chen, MSCP' and Chien-Chih Wu, MSCP"**

Table 1. Clinical course after intravenous and oral amiodarone use.

AST ALT T-bil ALP GGT
Day Dosage (=37 U/L) (M < 41 U/L) (0.2-1.2 mg/dL) (60-220 U/L) (0-52 1U/L)
-2 100 mg, QD PO — — - - —
-1 100 mg, QD PO 29 77 - — —
0 150 mg once IF — — — — —
1 1350 mg, QD cIF — — - - —
2 100 mg, PO for 1 dose 4374 =2500 0.77 108 85
3 — 1042 =2500 0.97 108 99
4 — 480 2200 0.81 - —
6 — 186 1101 0.82 — —
9 — 37 419 - - —
11 — 23 204 0.74 — —
14 — 20 88 - — —
18 100 mg, BID PO — — - — —
19 100 mg, BID PO 25 4 0.76 — —
23 100 mg, BID PO 26 4 - — —
53 100 mg, BID PO 29 17 - — —

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransaminase; BID, twice a day; clF, continuous infusion;
DO, the start day of intravenous amiodarone; GGT, gamma-glutamyl transpeptidase; PO, orally; QD, everyday; T-bil, total bilirubin.

American journal of therapeutics. 2016;23(1):e260-263.



Acute Hepatotoxicity of Intravenous Amiodarone: Case
Report and Review of the Literature

Chia-Chi Chen, MSCP' and Chien-Chih Wu, MSCP'**

Hepatocellular injury

(ALT/AST elevation)

hepatitis




Acute Hepatotoxicity of Intravenous Amiodarone: Case
Report and Review of the Literature

Chia-Chi Chen, MSCP' and Chien-Chih Wu, MSCP"**

However, tremendous AST/ALT elevation was inci-
dentally found (Table 1) within 24 hours after IV amio-
darone use. Amiodarone was discontinued immediately
because of its possible hepatotoxicity. Hepatitis B viral
load were also checked to rule out hepatitis B flare up.
On the following days, AST/ALT improved gradually.
The hepatocellular injury was probably because of IV
amiodarone. Hepatitis B flare up was not likely because
of low viral load (36 IU/mL). Ischemia-related liver
injury was ruled out due to no shock event during this
period and no other organ damage. Aspirin, clopidogrel,
mexiletine, and isosorbide mononitrate were used
simultaneously; however, all these agents did not show
obvious hepatotoxicity.




Acute Hepatotoxicity of Intravenous Amiodarone: Case
Report and Review of the Literature

Chia-Chi Chen, MSCP' and Chien-Chih Wu, MSCP"**

Table 2. Case reports summary of intravenous amiodarone-related hepatitis.

Oral
Age AST/ALT  T-bil (mg/dL)/ Time to amiodarone
Reference Year (yr) Sex Underlying disease Indication Onset (U/L) ALP (U/L) recovery rechallenge
Gregory et al'® 2002 74 F N/A VT <1d 1099/759 N/A 6d (+)
Ratz Bravo et al® 2005 66 F CAD, HF AF <1d 2454/3822 1.52/47 >14d (—)
73 F HTN, DM, hyperlipidemia AF <1d 12,795/5975 1.05/201 =14 d (-)
57 M CAD, VHD, HF AF <1d 1901/1590 2.51/63 25d (+)
Maker et al’ 2005 54 M Burn AF 5d 739/1303 N/A 28d (+)
Rao et al'? 2012 44 M  Old inferior infarct, AF <1d -/4578 2.63/194 10 d (—)
DCMP, HF, HTN
Kickers et al'® 2012  5mo F  Down syndrome, Junctional 4d  1212/1056 4.4/- =14 d (—)
congenital heart defect ectopic
tachycardia
Nasser et al'* 2013 88 F  Hypothyroidism, HTN, AF <1d 1881/1048 -/174 7d (-)
depression

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransaminase; AF, atrial fibrillation; CAD, coronary artery disease; DCMP, dilated cardio-
myopathy; DM, diabetes mellitus; F, female; HF, heart failure; HTN, hypertension; M, male; N/A, not available; T-bil, total bilirubin; VHD, valvular heart disease.



Acute Hepatotoxicity of Intravenous Amiodarone: Case
Report and Review of the Literature

Chia-Chi Chen, MSCP' and Chien-Chih Wu, MSCP'**

Abstract

Amiodarone is a class III antiarrhythmic drug widely used for the treatment of both supraventricular
and ventricular arrhythmias in intensive care unit. Hepatotoxicity of amiodarone is usually mild and
delayed onset. Acute hepatotoxicity is a rare side effect and usually correlated to intravenous form
use. In this case, acute hepatocellular injury occurred within 24 hours after the administration of
intravenous amiodarone. Liver enzyme significantly improved after holding intravenous amiodar-
one use. Because ventricular arrhythmia persisted and side effects occurred to alternative therapy,
low dose of oral amiodarone was resumed and hepatotoxicity did not occur afterward. Acute
hepatotoxicity of intravenous amiodarone is possibly related to polysorbate 80, the solubilizer of
amiodarone infusion or higher dose. As a result, when intravenous amiodarone is prescribed, closely
monitoring liver enzyme is highly suggested. If acute hepatitis takes place secondary to intravenous
amiodarone, oral therapy should not be resumed afterward. If there is no alternative treatment,
lower dose of oral amiodarone (=200 mg/d) could be tried and should monitor liver function
regularly.

Keywords: amiodarone, hepatotoxicity, adverse drug reaction
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The Effect of Different Carbapenem Antibiotics (Ertapenem,
Imipenem/Cilastatin, and Meropenem) on Serum Valproic
Acid Concentrations

Chien-Chih Wu, MSCP,*1 Tsung-Yu Pai, PharmD,* Fei-Yuan Hsiao, PhD,*7} Li-Jiuan Shen, PhD,* 71}
and Fe-Lin Lin Wu, PhD*71}§

ldea from
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* meropenem > kB E e0'F M0 Eg F o
Question
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 CBPMs reduced VPA serum level within 24 hrs

« Ertapenem and meropenem had a greater effect on
VPA serum concentration than imipenem/cilastatin

 tValproic acid dose could not overcome this
Interaction



How to finish this study?
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— Differences between CBPMs’ groups were determined by

the analysis of variance (ANOVA). Scheffe method was

used as a post hoc analysis for the differences between
groups.
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Lexicomp® Drug Interactions

. . interaction in a cirrhotic patient.2® The reason for an absent interaction in this case is uncertairi though it is 'possible that
Lexicomp® Drug Interactions impaired hepatic glucuronidation and biliary drug secretion due to the patient's advanced liver disease led to decreased

valproic acid clearance, countering the effects of the carbapenem.
Add items to your list by searching below.

Footnotes
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1369. [PubMed 19773524]
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The ratio of pre-dialysis vancomycin trough
serum concentration to minimum inhibitory
concentration is associated with treatment
outcomes in methicillin-resistant

| Staphylococcus aureus bacteremia |

Chien-Fang Fu', Jiun-Da Huang', Jann-Tay Wang?, Shu-Wen Lin"->*, Chien-Chih Wu™3+
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- RAEER i § o A vancomycm dose 7-10 mg/kg TIW » £ %@ jk
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e 2009 vancomycin guideline

* For a pathogen with an MIC of 1 mg/L, the minimum trough
concentration would have to be at least 15 mg/L to generate the
target AUC:MIC of 400.
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PLoS One. 2018 Mar 5;13(3):e0193585.
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How to finish this study?
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— @ 4§ % #c: Student t test; Mann Whitney U test
— %p %] % #: Fisher exact test/Chi-square test

— The receiver operating characteristic (ROC) curve was used

to determine the optimal cut-off point of Cpre-HD/MIC,
which had the maximum Youden index.

— Logistic regression



2020 Therapeutic monitoring of vancomycin in

Renal Disease and Renal
Replacement Therapies

Intermittent hemodialysis.
Despite the common use of vanco-
mycin in patients receiving hemodial-
ysis, there are few published outcome
studies that provide guidance on the
optimal PK/PD targets in this popula-
tion. Previously published drug dosing
recommendations generally targeted a
predialysis serum concentration, even
though other PD targets may be more
appropriate. Predialysis vancomycin
concentration to MRSA MIC ratios of
>18.6 have been associated with im-
proved bacteremic patient outcomes,
suggesting that serum concentration
monitoring is essential throughout the
course of therapy.'® Dosing to achieve
predialysis vancomycin concentrations
of 10 to 20 mg/L, as has been done clin-
ically," results in mean AUC,, values
ranging from 250 to 450 mg-h/L, with

Suggestion:

adult patients

be based on serum concentration

monitoring.'*
Vancomycin dosing

with acute or chronic kidney failure

in patients

has transformed over time due to
the changes in dialysis technology
and techniques.”® Older (pre-1990s)
hemodialyzers were not very perme-
able to large molecules. Vancomycin
(with a molecular weight of 1,450 Da)
was not considered “dialyzable” be-
cause it poorly crossed the hemodi-
alysis membranes of the era. Indeed,
even today’s vancomycin package in-
sert, based on PK studies conducted
in the 1980s, states that “vancomycin
is poorly removed by dialysis.""** As
hemodialysis membrane technology
has improved, dialyzers have become
far more permeable. Vancomycin is
cleared substantially by contemporary
high-permeability hemodialyzers'*',
consequently, vancomycin dosing
strategies have changed substantially

1. Maintaining pre-dialysis level 15-20 mg/L

2. Pre-dialysis concentration monitoring should be performed not less than

weekly

per day, and holding a dialysis chair for
60 to 90 additional minutes while vanco-
mycin infuses into a patient is not cost-ef-
fective. Indeed, it is more cost-effective
to infuse “extra” vancomycin during the
hemodialysis session to compensate for
intradialytic loss than it is to keep a dial-
ysis unit open later to allow vancomycin
infusions. Intradialytically infused vanco-
mycin results in reduced delivery of drug
to the patient, similar to a first-pass phe-
nomenon. The extent of intradialytic drug
removal is variable and depends on pa-
tient and dialysis system factors, the most
important of which is dialyzer membrane
permeability. P>1371% Approximately 20%
to 40% of an intradialytically adminis-
tered vancomycin dose is removed by
the simultaneous hemodialysis, with the
highly permeable dialyzers tending to the
higher end of this range.!3"140.141
Maintenance dosing strategies that
do not provide a dose with every he-
modialysis session (eg, a maintenance
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Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is a common pathogen which causes
infections, especially among patients who undergo dialysis.[1] Vancomycin is an antibiotic
glycopeptide which kills bacteria by inhibiting cell wall synthesis, and it is the first line treat-
ment for MRSA infection if minimum inhibitory concentration (MIC) is lower than 1 mg/L
[2]. The clinical efficacy of vancomycin is best predicted by the area under the curve over 24
hours (AUC,,) to the MIC ratio, and a target AUC,,/MIC ratio of > 400 is recommended by
the Infectious Diseases Society of America (IDSA) Practice Guideline[2-4]. The trough serum
concentration (Cyougn) 0of vancomycin is recommended as a surrogate for the AUC,, and
should be maintained between 15-20 mg/L to achieve an AUC,,/MIC > 400 when MIC is < ]
mg/L[2, 5].



Introduction

mg/L[2, 5]. However, among previous studies that investigated the association between vanco-
mycin AUC,4/MIC or Ci,qugn and treatment outcome, few examined renal failure patients
who received renal replacement therapy such as hemodialysis (HD)[3, 4, 6, 7]. The immune
function was changed in renal failure patients, which may affect treatment outcome than that
in general population.[8] Therefore, the AUC,4/MIC or Cy,ogn target may be different in this
vulnerable population. As a result, current vancomycin dosing regimen for HD patients relies
mainly on extrapolation or modeling.[9] Although pre- or post-HD serum concentration
monitoring has been adopted as a common clinical practice for years in vancomycin-treated
patients with renal failure under HD, the best time of sampling remains controversial[10].
Moreover, previous studies all focused on developing specific dosing protocols in renal failure
patients to achieve the target vancomycin serum concentration of 10-20 mg/L[11-15]. None-
theless, evidence is still lacking to show any correlation between pre-dialysis vancomycin
trough serum concentration (C,..1ip) and the clinical outcomes in this patient population.
Our aim is to investigate the relationship between Cy..1ip and treatment outcomes of MRSA
bacteremia in patients undergoing HD.

Pavkae~ By BEGR ~ P o
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Material and methods (2)
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Material and methods (2)
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Material and methods

This retrospective study was conducted in the National Taiwan University Hospital (NTUH),
which is a tertiary medical center with a 2600-bed capacity in northern Taiwan., and patients
profiles during January 2013 to June 2016 of the Integrated Medical Database (NTUH-iMD)
was used for patient enrollment. This study had been approved by the Research Ethics Com-
mittee of NTUH (201602044RINB). Adult patients (> 20 yrs) with chronic renal failure under-
going HD three times per week were included if they had documented MRSA bacteremia, and
received vancomycin treatment within 72 hours after the blood sample from which the MRSA
was first isolated. MRSA bacteremia was defined as at least one set of blood culture that was

collected when systemic inflammatory response syndrome was present and yielded MRSA.

Patients were excluded for missing C,..;yp measurements during the treatment course, vanco-
mycin use less than a week, absence of following blood cultures collected after vancomycin
treatment, ever receiving other antibiotics for MRSA treatment (such as daptomycin, linezolid,
teicoplanin and tigecycline) within 7 days before vancomycin treatment, receiving continuous
renal replacement therapy (CRRT) during vancomycin treatment or daily urine output over
than 400 mL.



Material and methods

The dosing regimen of vancomycin for patients under HD in our institution was 15-20
mg/kg as a loading dose (LD), followed by 7-10 mg/kg after each HD as maintenance doses
(MD). The sampling time of C,,;..yp was within one hour before the third HD session since
giving one LD and two MD. The vancomycin serum concentrations were measured by a
chemiluminescent microparticle immunoassay (ARCHITECT i2000SR immunoassay ana-
lyzer, Abbott Laboratories, Abbott Park, Illinois, USA). The limit of detection (sensitivity) was
0.24 mg/L, and the coefficients of variation at 7.0, 35.0, and 75.0 mg/L were < 5%. For hemodi-
alysis, the blood and dialysate flow rates were set at 200 and 500 mL/min, respectively. The
dialysis lasted 4 hour each time and the dialyzers used were F6HPS, FX60, FX80, or FX100 by
nephrologist’s decision (Fresenius Medical Care, Bad Homburg, Germany).

TR AP B &



Material and methods

A standardized case report form was used to collected data including demographic charac-
teristics (sex, age, height, and weight), the Charlson Comorbidity Index (CCI) and underlying
diseases, sources and sites of infection (based on medical records and culture sampling sites),
subsequent blood cultures results, immunosuppressant usage (i.e. prednisolone > 10mg/day
or other corticosteroids of equivalent potency, calcineurin inhibitors, mechanistic target of
rapamycin (mTOR) inhibitors, azathioprine, and mycophenolate mofetil), catheterization,
catheter removal, vancomycin doses and duration of treatment, C,,..yp, MIC of vancomycin
for MRSA, concurrent antibiotics usage, shock status (use of vasopressors or inotropics), and
30-day mortality. The MIC of vancomycin for the first isolate was determined by the broth
microdilution method according to the Guidelines of the Clinical and Laboratory Standards
Institute (CLSI) except for two MIC of vancomycin that was determined by E-test according
to the manufacturer’s instruction.[16] Because AUC,, and C,e_nip are highly correlated in
patients receiving HD, we calculate C,,._;;p/MIC as a surrogate of AUC,4/MIC to evaluate its
effect on treating MRSA bacteremia.[9]
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Material and methods

Treatment failure was defined as persistent bacteremia after > 7 days of vancomycin treat-
ment, or recurrent MRSA infection within 30 days after the first negative conversion of blood

culture.[2] ““;-': * T x

Data were described as mean + standard deviation or number with percentage. The two-
tailed independent t test was used for continuous data, and either Chi-square or Fisher’s exact
test was used for categorical data. A p-value of 0.05 or lower was considered statistically signifi-
cant. The receiver operating characteristic (ROC) curve was used to determine the optimal
cut-off point of C,..yp/MIC, which had the maximum Youden index. The statistical analysis
was performed by SPSS 18 (SPSS Inc, Chicago, Illinois, USA). .- ,‘:;J, N 7}%

R



Results

« & Iy
— it b ket 5 % dopvalue ~ 95% 1 4F % R
o _%: # ﬂz\'

— Bl&7F %< T
— ﬁi%—‘*‘ F gabstract~ B ~ %
— B m“'ﬁﬁ fo e dit @ DI B - K
—ﬁ%ﬂ%ﬁ3W$~ﬁ
—Laﬂﬁ%’zﬁ v R # AL
— MUTIFFF 7 %(Iossless file) ; JPEG (lossy file)
e Hisfm=t& gt L A7V j}%ﬁ:)\ﬁ'»up’}f
(Supplemental Material) 2% *}4%(Appendices)



Results

Sixty-five HD patients who received vancomycin due to MRSA bacteremia were initially
enrolled. Twenty-three patients were excluded for lacking following blood culture collected
(n = 8), missing pre-dialysis serum level data (n = 3), using other antibiotics within 7 days
before vancomycin treatment (n = 7), or receiving CRRT (n = 5) during vancomycin treat-
ment. Forty-two patients were available for the final analysis.

Fifteen patients (36%) were successfully treated, and the other 27 were classified as treat-
ment failure (64%). In the treatment failure group, 25 patients had persistent bacteremia, and

2 had recurrent MRSA infection, which two weeks course of antibiotics was completed before.
Although there were no significant differences in baseline demographics, underlying disease,
sources of bacteremia, or vancomycin regimens between the success and failure group, more
patients received immunosuppressants in treatment failure group (Table 1). Catheters were all
removed in both groups after confirming it as infection source. C,..iip values were not signifi-
cantly different between the success and failure groups (17.40 + 4.55 vs. 15.22 + 4.24 mg/L,
p=0.139) (Table 2). However, Ce.ip/MIC was significantly higher in the success group com-
pared to that of the failure group (22.80 + 10.90 vs. 14.94 + 6.11, p = 0.019). There was also no
significant difference in 30-day mortalities between the success and failure groups (11% vs
19%, p = 0.666).

In the treatment failure group, the antibiotic agent was switched from vancomycin to dap-
tomycin in 16 patients and linezolid in 1 patient based on physicians’ judgement and clinical
situations. MRSA was eventually eradicated in 12 of the 16 patients, and 7 of them had negative
blood culture within 7 days of daptomycin treatment. Only two patients failed to achieve
blood culture conversion under daptomycin, and 2 patients did not have subsequent blood
culture collected after daptomycin use.

The prediction power of Cpre.pip/MIC for treatment outcome was evaluated using the ROC
curve analysis. The optimal cut-off value of C,..;;p/MIC was 18.6, with the sensitivity of 67%
and the specificity of 78%. The area under the ROC curve was 0.74 (95% confidence interval:
0.58-0.90, p = 0.011) (Fig 1), and the positive predictive value and negative predictive value
were 62.5% and 81%, respectively.



Table 1. Clinical characteristics and vancomycin dose, classified by vancomycin treatment outcomes.

Total patients (N = 42) Success group (N = 15) Failure group (N =27) p value
Age 69.00 + 14.81 71.80 £13.23 67.44 = 15.63 0.346
Height (cm) (mean + standard deviation) 159.57 + 8.10 160.09 + 6.83 159.29 + 8.84 0.747
‘Weight (kg) (mean + standard deviation) 56.23 +9.597 59.25 + 9.66 54.55+9.32 0.137
Male sex 20 (48) 5(33) 15 (56) 0.209
Underlying disease
Charlson Comorbidity Index (mean + SD) 4.71 +2.04 4.53 +1.51 4.81 + 2.30 0.636
Cardiovascular disease 28 (67) 12 (80) 16 (59) 0.306
Chronic liver disease 4 (10) 2(13) 2(7) 0.608
Diabetes mellitus 21 (50) 8(53) 13 (48) 1.000
Malignancy 5(12) 0(0) 5(19) 0.142
Neurological disease 9(21) 2(13) 7 (26) 0.451
Peptic ulcer disease 14 (33) 5(33) 9(33) 1.000
Connective tissue disease 1(2) 0(0) 1(4) 1.000
Neutropenia 0(0) 0(m 0(0)
Septic shock 14 (33) 5(33) 9(33) 1.000
Polymicrobial bacteremia 11 (26) 3(20) 8(30) 0.717
Acinetobacter baumannii 2(5) 1(7) 1(4)
Burkholderia cepacia complex 1(2) 1(7) 0(0)
Enterococcus faecalis 2(5) 1(7) 1(4)
Enterococcus faecium 1(2) 0(0) 1(4)
Escherichia coli 37 1(7) 2(7)
Klebsiella pneumoniae 3(7) 0(0) 3(11)
Pseudomonas aeruginosa 1(2) 0(0) 1(4)
Serratia marcescens 1(2) 1(7) 0(0)
Stenotrophomonas maltophilia 1(2) 0(0) 1(4)
Immunosuppressants use 6(14) 0(0) 6(22) 0.056
MRSA bacteremia source 0.981
Bone and joint 01(0) 0(0) 0(0)
Catheter-related 11 (26) 4(27) 7(26)
Endocarditis 2(5) 0(0) 2(7)
Pneumonia 6(14) 2(13) 4(15)
Surgical wound or skin and soft tissue 6(14) 2(13) 4(15)
Unknown 17 (41) 7 (47) 10 (37)
Vancomycin MIC (mg/L) (mean + SD) 0.075
<05 7(16) 5(33) 2(7)
1 29 (69) 9 (60) 20(74)
15 2(5) 1(7) 1(4)
2 4 (10) 0(0) 4(15)
Concurrent antibiotics 31(74) 10 (67) 21(78) 0.481
Penicillin group 6(14) 2(13) 4(15)
Cephalosporin group 24 (57) 6 (40) 18 (67)
Carbapenem group 8(19) 1(7) 7(26)
Fluorogquinolone 1(2) 0(0) 1(4)
Trimethoprim/sulfamethoxazole 3(7) 2(13) 1(4)
Aminoglycoside 1(2) 0(0) 1(4)
Colistin 1(2) 0(0) 1(4)
Antifungal agents 1(2) 0(0) 1(4)
Total patients (N = 42) Success group (N = 15) Failure group (N = 27) p value
Antiviral aeents 2(5) 0(0) 2(7)

SD: standard deviation. MRSA: methicillin-resistant Staphylococcus aureus.
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Discussion

This is the first study known to the authors focusing on the correlation between the C.1ip of
vancomycin and the treatment outcomes for MRSA bacteremia in dialysis patients. The rela-
tionship between vancomycin Cy,qugh, AUC,4/MIC, and the clinical outcomes for MRSA infec-
tion has been well studied in the general population, and that Cio,gn of 15 mg/L or higher,
corresponded to the AUC,,/MIC > 400, was recommended by the IDSA guideline[2-7, 17,
18]. This standard was extrapolated for patients who received renal replacement therapy in
clinical practice without adequate studies to explore the correlation between this target con-
centration and treatment outcome in this particular patient population. Until now, all relevant
studies were designed to test if the dosing strategies would achieve the target C,e.yp of 15-20
mg/L in patients who were on intermittent HD[12, 14]. However, it has not been demon-
strated whether the specific target C,..iip can be translated into good clinical outcomes.
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According to the results of our study, the success and failure groups did not have significant
differences in the mean C,,. yp as well as the proportion of patients with the C,.. p > 15
mg/L. However, after taking MIC into consideration, C,..1in/MIC was significantly higher
in the success group than that in failure group. Moreover, the ROC curve analysis suggested
Cpre-nn/MICZ18.6 as an outcome predictor for treating MRSA bacteremia. Our data were
also compatible with previous recommendations that the target level of vancomycin Ce.1ip
should be 15-20 mg/L for a MIC of 1 mg/L[9]. As for the MIC distribution, around 70% of
MRSA had vancomycin MIC value of 1 mg/L and pathogens with high MIC value (>1.5 mg/L)
were almost distributed in treatment failure group, which was compatible with previous studies
that high MIC level was a predict factor for poor treatment outcome.[19] However, it is difficult
to distinguish to what degree is the failure caused by not attaining the PK/PD target and to what
degree the higher MIC caused failure. Therefore, we excluded patients who suffered from path-
ogens with high MIC value (>1.5 mg/L), and the C,._p/MIC was still significantly higher
in treatment success group than that in failure group (24.07 vs. 16.92, p = 0.04). This result
demonstrated that attaining the optimal C,,,. ;;p/MIC was important for treatment outcome of
MRSA bacteremia in this population. Because vancomycin MIC crept in MRSA, which had
high percentage of vancomycin MIC of 1 mg/L, and nephrotoxicity is generally not an issue in
patients receiving HD, the aggressive vancomycin dosing strategy to achieve C,..;;p=18.6 mg/
L should be adopted before confirming MIC data[20].



Compared with a similarly designed study of vancomycin treatment in non-dialysis patients
with MRSA bacteremia, the treatment success rate in this study was much lower (36% vs.
67.5%) despite of similar Charlson Comorbidity Index[4]. Two factors may explain the differ-
ence. First, the immune function is depressed in patients with renal failure. Functional abnor-
malities of monocytes, lymphocytes, neutrophils, and dendritic cells are directly linked with
infection risk and treatment failure in this patient population.[8] Second, the formation of bac-
terial biofilm in dialysis patients may contribute to the high treatment failure rate. Staphylococ-
cus aureus is the most common gram-positive organism involving in biofilm infection in
dialysis patients [21, 22]. Some studies revealed that dialysis-related biofilm infections are diffi-
cult to eradicate as they developed antibiotic resistance[23-25]. Vancomycin has poor penetra-
tion into biofilm compared with daptomycin, and it is reasonable that the patients responded
to daptomycin treatment in this study after vancomycin treatment failure.[26] Further studies
are necessary to determine if daptomycin has better treatment effect than vancomycin in dialy-
sis patients.

Based on our vancomycin dosing protocol for patients receiving HD three times per week,
the proportion of Cp,..yp = 18.6 mg/L was only 21%, which may have contributed to the rela-
tively high rate of treatment failure. One possible cause for this low proportion of therapeutic
Cpre-ip Was that the loading dose used in the present study (<20 mg/kg) was too low. Vande-
casteele et al. showed that a fixed loading dose of 20 mg/kg led to C,;e.ip > 15 mg/L in only
one-half of patients[9], supporting that a higher loading dose should be applied in order to
achieve the optimal therapeutic C,e.pp.
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Discussion

There are several limitations of our study. First, the sample size was quite small in this study
because of the low MRSA prevalence rate and MIC report has been available since 2013 in our
institution. Further large prospective study is needed to confirm the treatment target provided
by this study. Second, we only enrolled patients undergoing HD; this result may not apply to
patients receiving other renal replacement therapy, such as peritoneal dialysis. Third, this was
a retrospective study, and thus was not controlled for some confounding factors. Finally, over-
weight and obese patients were not represented in this study. Therefore, the result may not
apply to this special population.



Conclusion

— Targeting to achieve a Cpre-HD/MIC of > 18.6 (may VS. COUId)

improve the treatment outcomes in renal failure patients who are on
intermittent HD.

Conclusions

We showed that C;. ;;p/MIC was associated with the outcome of vancomycin treatment in

dialysis patients with MRSA bacteremia. Targeting to achieve a C,..yp/MIC of = 18.6

may

improve the treatment outcomes in renal failure patients who are on intermittent HD.
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Abstract

Background

Vancomycin is a standard treatment for methicillin-resistant Staphylococcus aureus
(MRSA) bacteremia, and its efficacy is closely linked to the recommended serum trough
concentration of 15—20 mg/L. However, it is unknown how the pre-dialysis trough serum
concentration (C,-1p) correlates with MRSA eradication in renal failure patients undergo-
ing intermittent hemodialysis (HD).

Objective

To evaluate the relationship between C,e.ip and the treatment outcomes in this population.

Materials and methods

A retrospective study was conducted to enroll renal failure patients undergoing HD who had
received vancomycin treatment for MRSA bacteremia during January 2013 to June 2016.
Treatment failure was defined as persistent bacteremia after > 7 days of vancomycin ther-
apy or recurrent MRSA infection within 30 days. Patient characteristics, vancomycin dosing
regimen, Cy.-p, vancomycin minimum inhibitory concentration (MIC), and subsequent cul-
ture data were reviewed. The receiver operating characteristic (ROC) curve was used to
find the optimal cut-off point of Cpre-Hp.

Results

42 patients were enrolled and 64% had treatment failure. Although there were no significant
differences in demographics or Cyre.rip between the two groups, Cpre-np/MIC was signifi-
cantly higher in the success group than that in the failure group (22.80£10.90 vs. 14.94
+6.11, p=0.019). The area under the ROC curve was 0.74, while the sensitivity, specificity,

positive predictive value, and negative predictive value were 67%, 78%, 62.5%, and 81%,
respectively, at the optimal Cpe.ip/MIC of = 18.6.

Conclusions

Cpre-np/MIC was associated with vancomycin treatment outcome in MRSA bacteremia, and
targeting to achieve a Cpe.io/MIC of = 18.6 may improve treatment outcomes in renal fail-
ure patients who are on intermittent HD.
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