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is not intended to be an exhaustive review of the subject matter or the opinion of Prisma Health. 
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referenced statue, code and/or regulation for precise language.”
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• Discuss the outpatient management of serious bacterial infections requiring extended 
duration

• Recall the current literature evidence concerning the use of therapeutic drug monitoring for 
oral antimicrobial agents in mitigating adverse side effects

Learning Objectives



Management of Serious Bacterial Infections

Serious bacterial infections: endocarditis, bone/joint infections, etc. 

Surgical intervention + antimicrobial therapy

Typically 4-6 weeks of IV therapy

Lowy FD. N Engl J Med. 1998;339(8):520
Liu C et al. Clin Infect Dis 2011;52(3):e18



Outpatient Parenteral Antimicrobial Therapy (OPAT)

Home

Infusion center

Skilled nursing facility
Norris AH, et al. Clin Infect Dis. 2019;68(1):e1-e35



Oral Therapy is 
Non-Inferior to 
IV Therapy

Li H-K et al. N Negl J Med 2019;380(5):425
Iversen K et al. N Engl J Med 2019;380(5):415



Complex Oral Antimicrobial Therapy (COpAT)

Defined as oral antimicrobials that are used for extended periods of time or require 
outpatient monitoring

Possible advantages of COpAT vs. OPAT



Concerns with Prolonged Outpatient Antimicrobial Therapy

Risk of vascular device 
complications and infections

Antimicrobial-associated adverse 
side effects 

Rivera CG, et al. JACCP. 2021;4(9):1161



Precision Medicine with Therapeutic Drug Monitoring (TDM)

• Concentration of a drug in blood is correlated to the 
pharmacological activity.

Underlying principle of TDM

• The clinical practice of measuring drug concentration 
in blood/plasma, or in other biological fluids that can 
be linked to blood drug concentrations.

Definition of TDM

• Optimization of drug dosing regimen by targeting a 
predefined therapeutic range that has correlation to 
efficacy and toxicity thresholds.

Impact of TDM

Figure. Overview of TDM Process
Ates HC et al. Trends Biotechnol 2020;38(11):1262



TDM in Antibiotics
Nephrotoxicity

Hospital Costs

LOS

Mortality Risk

Vancomycin

Aminoglycosides

LOS = Length of stay
.

Barlam TF et al. Clin Infect Dis 2016;62(10):e51



Oral Antimicrobial Candidates for TDM

Linezolid Amoxicillin



Slide courtesy of Dr. Brandon Bookstaver
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1. Cottagnound et al. J Antimicrob Chemother. 2000;46:981-985
2. ZYVOX® (linezolid injection, tablets, and oral suspension) [package insert]. 
Kalamazoo, Mich: Pharmacia & Upjohn, a Pfizer Company; revised 2003
3. Lovering AM et al. J Antimicrob Chemother. 2002, 50:73-77
4. Conte JE et al. Antimicrob Agents Chemother. 2002;46:1475-1480
5. Gee T. Antimicrob Agents Chemother. 2001;45:1843-1846



Hesitancy of Prolonged Linezolid Therapy

Adverse 
Side Effects

Hematological 
Toxicities

Peripheral 
Neuropathy

Optic
Neuritis

Lactic 
Acidosis

Linezolid (ZYVOX®) [package insert]. NY: Pfizer 2000



Pea F et al. 2012 Dong H.-Y et al. 2014 Fang J et al. 2020

Thrombocytopenia Definition • ≥30% reduction from 
baseline

• ≥25% reduction from 
baseline and a final 
count of <100K

• Baseline Plt >100K: 
<100K at any time

• Baseline Plt <100K: 
30% reduction

Incidence Rate • 36% • 44% • 21%

Probability of Thrombocytopenia

Key Results
50%: Ctrough 6.5 mg/L
>95%: Ctrough 9.96 mg/L

>20%: Ctrough ≥3.2 mg/L
>50%: Ctrough ≥6.3 mg/L 50%: Ctrough 7.9 mg/L

>95%: Ctrough11.9 mg/L

Ctrough is Correlated with Risk of Thrombocytopenia

Plt: platelet
Dong H.-Y et al. Eur J Clin Microbiol Infect Dis 2014;33:1029 
Pea F et al. J Antimicrob Chemother 2012;67:2034
Fang J et al. Ann Transl Med 2020;8(7):493

Current proposed toxicity threshold

7-8 mg/L 



Ctrough Does NOT Predict the Risk of Linezolid-Induced Neuropathy

Sotgiu G et al. 2012 Zhang X et al. 2014 Agyeman AA et al. 2016

Study Design Systematic analysis, MDR-TB patients

Key 
Baseline 
Characteristics

• N = 121
• Dose range: 450-1200 

mg/day

• N = 239
• Dose range: 300-1200 

mg/day

• N = 353
• Dose range: 300-1200 

mg/day

Treatment 
Duration

• Not reported • 30-645 days • 30-1080 days

Incidence Rate • 47.1% • 31% • 30%

Ctrough  as a Risk 
Predictor?

• No • Incidence was higher in 
those with ≤600 mg/day 
(13.7%, p = 0.018)

• No

MDR-TB: multidrug resistant-tuberculosis

Treatment duration is associated with the 

risk of linezolid-induced neuropathy

Sotgiu G et al. Eur Respir J 2012;40:1430
Zhang X et al. J Thorac Dis 2015;4:603
Agyeman AA et al. Ann Clin Microbiol Antimicrob 2016;15:41



Ctrough Does NOT Predict the Risk of Linezolid-Induced Lactic Acidosis

Im JH et al. 2015 Mori N et al. 2018 Liu T et al. 2021

Study Design Retrospective, Single-center, Case-control

Key 
Baseline 
Characteristics

• N = 72
• Mean age 61.4 y/o (IQR: 

17)
• CKD NR
• DM 27.8%

• N = 94
• Median age 74 y/o (IQR: 

59-83)
• CKD 19%
• DM 23%

• N = 98
• Median age 94 y/o (IQR: 

91-97)
• CKD 50%
• DM 43.9%

Treatment 
Duration

• Median 15 days (IQR: 13.6-
17)

• Median 10 days (IQR: 6-14) • Median 9 days (IQR: 6-11.3)

Incidence Rate • 7% • 10% • 36%

Ctrough as a Risk 
Predictor?

• No • No • No

CKD: chronic kidney disease, DM: diabetes mellitus, NR: Not reported

Treatment duration is associated with the 

risk of linezolid-induced lactic acidosis

Im JH et al. Int J Infect Dis 2015. 47
Mori N et al. Eur J Clin Pharmacol 2018;74:405
Liu T et al. Front Med 2021;8:604680



Figure. Distribution of linezolid trough concentrations. Horizontal solid 
lines represent the 5th, 25th, 50th, 75th, and 95th percentiles

Traditional 
Linezolid Dosage is 

Associated with 
Variable Exposure

383 linezolid Ctrough

Median Ctrough 5.9 mg/L 
(IQR: 3-10.2)

Interpatient coefficient
88.9%

Intrapatient coefficient
45.7%

Linezolid 600 mg BID 
IV/PO

Cattaneo D et al. Int J Antimicrob Agent 2016;728  



Low Body 
weight

Older Age

Renal 
dysfunction

Hepatic 
dysfunction

Concomitant 
Medications

Cystic fibrosis

Critically ill

Risk Factors for Non-Therapeutic Ctrough

Pea F et al. Basic Clin Pharmacol Toxicol 2017;121:303 
Cattaneo D et al. Int J Antimicrob Agents 2016;48:728 
Perry CM et al. Drugs 2001;61:525
Pea F et al. Antimicrob Agents Chemother 2010;54:4605



LAU C, et al. Int J Antimicrob Agents. 2023;106783 

Is there An Impact of Proactive TDM-Guided Dosing? Evidence 1

Prospective, Single-center, 
Italy, 6/2015-12/2017

Inclusion
• Adult
• MDR gram-positive 

infection
• Linezolid 600 mg 

IV/PO BID >10 days
Primary Aim
• Evaluate whether 

proactive TDM 
prevents/decreases 
risks for 
thrombocytopenia

STUDY DESIGN KEY OUTCOMES

N = 61

Therapeutic 
N = 28 (46%)

Supra-
therapeutic 
N = 33 (54%)

N = 3 (11%)N = 6 (18%)

Thrombocytopenia

67% achieved stable 
target attainment 
with platelet recovery

Median duration: 19-54 days

No difference observed in the 
incidence of thrombocytopenia 
due to duration (≤28 vs >28 days)

Predictors of Thrombocytopenia:
Baseline platelet count
Median linezolid Ctrough

 



LAU C, et al. Int J Antimicrob Agents. 2023;106783 

Is there An Impact of Proactive TDM-Guided Dosing? Evidence 2

Retrospective, 
Multicenter (11), 
Australia, 1/2015-12/2019

Inclusion
• Adults
• IV or oral linezolid 

therapy for >5 days

Primary Aim
• Evaluate linezolid 

toxicity and clinical 
management 

STUDY DESIGN KEY OUTCOMES

N = 622

No-Toxicity
N = 517 
(83%)

Toxicity
N = 105
(17%)

• Higher baseline serum 
creatinine 

• Lower baseline platelet 
count

• Longer duration of 
therapy

Median duration: 15 days (IQR 9-24)

Most common toxicities:
Thrombocytopenia (58%)
Anemia (33%)

Appropriate TDM is associated with 
reduced odds of linezolid toxicities 
(aOR 0.45, 95% Cl 0.21-0.96, p=0.038)
 



Linezolid TDM Guidance



Doreal M, et al. Int J Antimicrob Agents. 2023;106821. doi:10.1016/j.ijantimicag.2023.106821

TDM of Amoxicillin

Observational, 2 centers 
(TDM vs. non-TDM), 
France, 2013-2018

Inclusion
• Adults
• Streptococcal or 

enterococcal ID
• Treated with >7 days 

of IV amoxicillin

Primary Aim
• Evaluate the benefit of 

amoxicillin TDM 
during IE

STUDY DESIGN KEY BASELINE CHARACTERISTICS

N = 206

TDM
N = 114

Non-TDM
N = 92

• Primarily males (75%), mean age of 70 y/o, 
mean CCI of 2.7

• 66% had aortic valve IE, 37% had prosthetic 
valve 

• Predominately streptococcal species (68%)

KEY OUTCOMES

Lower total daily 
amoxicillin dose
(10 g vs. 11.3g) 

p=0.003

Numerically lower 
incidence of AKI
(23% vs. 30%)

p=0.22

Numerically lower 
incidence of mortality

(14% vs. 25%)
p=0.046

CCI: Charlson Comorbidity Index



COpAT may be a favorable alternative to OPAT for the treatment of serious bacterial 
infections requiring prolonged duration

TDM of antimicrobials may mitigate the risk of antimicrobial-associated side effects 
that have demonstrated a concentration-dependent correlation

Recent evidence have emerged demonstrating the benefits of TDM in linezolid and 
amoxicillin, although more data is still needed to support their routine use in clinical 
practice 

Key Takeaway



Learning Assessment Question 1

True or False: 
 Studies have demonstrated that oral step-down therapy is non-inferior to 

intravenous therapy for the treatment of serious bacterial infections such as 
endocarditis
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Learning Assessment Question 2

Which of the following statement is true based on the current literature evidence?

A. Linezolid-associated thrombocytopenia is correlated to its concentration
B. Linezolid-associated neuropathy is correlated to its concentration
C. Linezolid-associated lactic acidosis is correlated to its concentration
D. All of the above is true
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