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Scenario 1
• 65yo M presented to the ED with 3-day history of increased shortness of breath, 

non-productive cough, and low-grade fever (max 100.2F at home)

• PMH: COPD and mild CHF 

• Social Hx: Wife recently had influenza

• Physical Exam:  
• Temp 100.0F, HR 90, BP 135/85, O2 sat 92% on room air (baseline 94%)
• Bilat wheezes

• Workup: 
• Chest Xray: interstitial infiltrates bilat
• WBC 9K (40% PMNs, 50% Lymph, 8% Monocytes)
• SCr 2.0 (baseline 1.3)
• RPP pending
• BNP pending

• Course: 
• ED initiated ceftriaxone and azithromycin



Would you request procalcitonin level in 
this patient



Procalcitonin
• Multiple, recent large RCTs suggest no benefit to procalcitonin 
testing outside of workup of febrile infant

• From March 2024-Feb 2025: over 1M in consumable costs for PCT

• Stewardship – perform systematic review by disease state, adult 
and peds

• Lab – pulled data, assessed equipment



Chart review of 1 month of orders from four 
high volume hospitals

N=755

Antibiotics After PCT Result

NO
n=252

YES
n=503

PCT result

Negative
n=453 179 (24%)

274 (36%)
[average 4 days duration inpatient abx after result;

23 (8%) discontinued abx within 24 hours]

Positive
n=302 69 (9%) 233 (31%)



PCT indication and informativeness

Did a negative PCT 
result impact the 
decision to stop or 
withhold antibiotics? 
(N=179)
Yes = 3% (6)
Maybe = 26% (47)
No = 70% (126)



Details of the 6 instances when a 
negative PCT informed antibiotic 
decision (“Yes”)

Providers specifically documented negative result as reason for withholding abx 
5 out of 6 already decided to withhold antibiotics before PCT 
result

Radiolog
y

Clinical

Pneumonia (n=5) No Pleuritic chest pain (only)

No Lung malignancy/collapsed lung, worsening productive cough, acute respiratory 
failure requiring intubation

Yes New/worsening productive cough, acute symptoms & duration > 5 days, viral neg

Yes CHF, leukocytosis

Yes New/worsening productive cough, bronchiectasis

Cellulitis (n=1) Discuss role in r/o cellulitis infectious mimics?



Reasons the negative PCT result did not 
impact antibiotic decision making (“No”)

*Not mutually exclusive. Two patients completed a full course of antibiotics and had a positive viral result prior to PCT



“There was a significant reduction in antibiotic duration from 
randomization to 28 days for those in the daily PCT-guided 
protocol compared with standard care (mean duration, 10.7 
[SD, 7.6] days for standard care and 9.8 [SD, 7.2] days for PCT; 
mean difference, 0.88 days; 95% CI, 0.19 to 1.58, P = .01).”





Interventions and outcomes on day to 
day bases



A closer 
look
ABX stopped day after STOP 
advice given  (i.e., PCT 
'worked') in 8% (4/45). 

STOP advice ignored for 2+ 
days 18/45 (40%). 

PCT irrelevant to management 
in 20/45 (44%). 

For 2 pts Abx were stopped 2 
days after STOP signal



Procalcitonin Removal

• Official as of 9/27/25
• Key stakeholder groups – critical care, peds, pulmonology
• Removed from all EMRs; provided paper flier for non-UPMC 
providers ordering from UPMC sites; removed from send-out

• Published systemwide guidance







Scenario 2 (Progression of Scenario 1)
• Reminder: 

• 65yo M with COPD/CHF has 3d Hx SOB/Dry-Cough/temp ~100F
• WBC 9K (40% PMNs, 50% Lymph, 8% Monocytes)
• SCr 2.0 (baseline 1.3)
• Interstitial infiltrates bilat lung fields on CXR

• Clinical Update: 
• O2 saturation 88-92%
• RPP positive for influenza A+ (Ct value: 18)
• BNP <100pg/mL (within normal range)
• Procalcitonin 0.19
• CRP 25 mg/L (normal <10mg/L)

• Hospital Course: 
• Admitted to Hospitalist service with diagnosis of pneumonia
• Updraft inhalers ordered
• Oseltamivir initiated 
• Ceftriaxone and Azithromycin continued by hospitalist



Would you recommend continuing 
antibiotics in this patient



Antibiotics in 
confirmed viral 
infections

Cole Wood, MD
Washington Regional Infectious Disease



• xxxxxxx
• xxxxxxx
• xxxxxxx
• xxxxxxx

Sub-Heading 1



What’s a comorbidity?



What about 2019? 



• “no studies demonstrating 
benefit of antibacterial 
therapy for viral pneumonia”

• “no studies have found 
delayed antibacterial 
prescribing induces harm in 
mild-to-moderate severity 
pneumonia. 

• “individualized, risk-based 
treatment decisions are 
critical”





Scenario 3 (Progression of current case)
• Reminder: 

• 65yo M with COPD/CHF has 3d Hx SOB/Dry-Cough/temp ~100F
• Admitted with Influenza A pneumonia, on Tamiflu +/- abx

• Clinical Update: 
• HD #5: He developed hallucinations/confusion thus foley was placed
• Completed oseltamivir (and antibiotic course). Pneumonia clinically resolved. 
• Confusion resolved
• Current meds: Metoprolol
• Remained inpatient awaiting rehab 

• Ongoing Course: 
• HD # 7 spiked fever 102F with suprapubic pain. HR 80s bpm. BP 130/80
• UA with 100+ WBC, +Nitrites
• UCx: Pseudomonas aeruginosa 

• [Resistant to cefepime, pip/tazo, mero, ceftazidime, aztreonam]
• [Susceptible only to ciprofloxacin and levofloxacin] 

• BCx Negative at 48h
• EKG: QTc 440ms
• Sodium 140 mE/L, Potassium 4.0 mE/L, SCr 1.3 mg/dL (baseline GFR 80)
• Foley removed and started on Ciprofloxacin 500mg PO BID with plan for 7-day course



Would you request a repeat EKG 48h 
after starting Ciprofloxacin in this patient



Risk factors for long QT syndrome
(not a complete list)

Non-modifiable
• Female sex
• Increased age
• Bradycardia
• Hypothyroidism
• CNS infection or tumor
• Obesity
• History of myocardial infarction
• Heart failure
• Pheochromocytoma
• Stroke
• Renal failure

Modifiable
• Electrolytes – replace K+, Mg++, 

Ca++
• Medications
• Sleep
• Diarrhea
• Eating licorice
• Alcohol intake

https://www.crediblemeds.org/ndfa_list
Slide modified from Dr. Meghan Jeffres, PharmD and Erin McCreary, 

PharmD 

https://www.crediblemeds.org/ndfa_list


Antimicrobials Associated with High Risk 
of QTc prolongation and torsade's de 
points
• Fluoroquinolones: 

• Ciprofloxacin 
• Moxifloxacin
• Levofloxacin

• Azoles: 
• Fluconazole
• Voriconazole

• Macrolides:
• Azithromycin

• Hydroxychloroquine



Drug Details Mean change in QTc 

Ciprofloxacin3 1500mg once 2.27-4.93 ms

Levofloxacin3 1000mg once 3.53-4.88 ms

Fluconazole4 1200mg/day 3.1 ms

Azithromycin2 500mg once 5 ms

Moxifloxacin3 800mg once 16.34-17.83 ms

Clarithromycin1 500mg once 20 ms

1. Biaxin FDA Drug Label
2. Zithromax FDA Drug Label

3. doi:10.1016/s0009-9236(03)00009-2
4. doi:10.1097/QAD.0000000000001961

QTc prolongation is generally dose and concentration-dependent

Slide shared/modified from Dr. Erin McCreary, PharmD 





FACTS

• FQ block cardiac potassium channels prolonging QTc when 
concentration >8x therapeutic dosing1

• Estimated incidence of TdP is very low2: 
• 0.3 per 10 million Ciprofloxacin Rx
• 5.4 per 10 million Levofloxacin Rx

• Ciprofloxacin/Fluconazole Combination increases QTc3:
• Study of 170 pts (88% heme malignancies; 92% on other QTc prolonging 

drugs)
• 4.4% increased above normal  [general population 5-11%]
• QTc increased: 10.7ms

• Case reports exist

1. Kang et al. Mol Pharm 2001
2. Frothingham et al. Pharmacother 2001
3. Berger et al. B J Clin Pharm 2018



N=88 Baseline EKG Follow up EKG
QTc 416ms 416ms

N=88 Without concomitant 
QTc-prolonging agents

With concomitant 
QTc-prolonging agents

QTc >500 0/51 (0%) 2/37 (5.4%)



Risk Factor Points
Age ≥ 68 years 1
Female sex 1
Loop diuretic 1
Serum K+ ≤ 3.5 mEq/L 2
Admission QTc ≥ 450 msec 2
Acute myocardial infarction 2
Sepsis 3
Heart failure 3
1 QTc-prolonging drug 3

≥2 QTc-prolonging drug 3
Maximum Risk Score 21

Risk Category Risk Score
Low <7
Moderate 7-10
High ≥11

Tisdale J , et al. Circ Cardiovasc Qual Outcomes. 
2013.

ECG Monitoring suggested for: 
Tisdale risk ≥ 11 or baseline QTc > 

500 msec

High risk score
Sensitivity = 0.74
Specificity = 0.77

PPV = 0.79
NPV = 0.76

Slide shared/modified from Dr. Erin McCreary, PharmD 



• Implemented CDS alert to prevent 
drug-induced QT prolongation

• 178,097 hospitalizations ; 102,847 
patients

• Alert fired in 8.4% of encounters
• 60.13% provider compliance

• Alert successfully identified high 
risk patients (OR 2.28) but had no 
impact on risk of QT prolongation 
or risk of mortality

• No evidence of an effect of 
provider action on risk of QT 
prolongation; no relationship with 
any specific medication

Worth tackling systematically?

Slide shared/modified from Dr. Erin McCreary, PharmD 



Thoughts

• Clinically significant prolonged QTc leading to TdP is rare

• Medication interactions is not unique and should always be 
considered when treating complicated infections

• High risk patients should be monitored: 
• Anti-arrhythmic meds, cardiac history, electrolyte dysfunction….

• Balance other medication modification vs patient risk





Scenario 4 (New Case)
• 44yo F with Cirrhosis on liver transplant list admitted with hemoptysis: 

• WBC 20K, Platelets 54K
• AKI (SCr 4.1; GFR 13), baseline ~2.0
• Hypoalbuminemia (2.3 g/dL; normal 3.4-5.4 g/dL)
• Pleural effusion 

• Hospital Course: 
• Started on ceftriaxone
• Chest tube placed
• Enterococcus faecium (linezolid MIC=1) isolated from chest tube
• BCx negative
• Started on linezolid 600mg PO BID



Would you obtain linezolid levels during 
treatment for VRE-empyema in this 

patient



Linezolid Logic: 
Precision Dosing to 
Mitigate Toxicity 
Erin K. McCreary, PharmD, BCIDP
Director of Infectious Diseases Improvement and Clinical 
Research Innovation, UPMC
Clinical Assistant Professor of Medicine, University of 
Pittsburgh 
@erinmccreary.bsky.social



It was right there the whole time

“Renal Insufficiency: The pharmacokinetics of the parent drug, linezolid, are 
not altered in patients with any degree of renal insufficiency; however, the 
two primary metabolites of linezolid may accumulate in patients with renal 
insufficiency, with the amount of accumulation increasing with the severity of 
renal dysfunction. The clinical significance of accumulation of these two 
metabolites has not been determined in patients with severe renal 
insufficiency. Because similar plasma concentrations of linezolid are 
achieved regardless of renal function, no dose adjustment is recommended 
for patients with renal insufficiency. However, given the absence of 
information on the clinical significance of accumulation of the primary 
metabolites, use of linezolid in patients with renal insufficiency should 
be weighed against the potential risks of accumulation of these 
metabolites.”

Zyvox FDA Approval 2002
Package Insert last updated 2011: Zyvox (linezolid) injection label (fda.gov)

https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/021132s027lbl.pdf


Accumulation in renal impairment
is seen clinically

Souza E, et al. AAC. 2020.



Renal Impairment
• More likely to accumulate drug and 

metabolites with renal impairment

• 2-fold increase in risk of 

thrombocytopenia with eGFR < 60

Brier ME, AAC, 2003
Crass R, AAC, 2019



This is seen in cirrhosis, too

Luque S, et al. Therapeutic Drug Monitoring. 2019.

Cirrhosis = 11.4x higher to achieve supratherapeutic conc. compared to control



Defining the therapeutic window for linezolid

Rao GG, et al. Ther Drug Monit. 2020
Cattaneo D, Expert Opin Drug Metab Toxicol, 2016

 



The higher the MIC, the harder it is to 
safely achieve your goal

AUC:MIC > 100 associated with efficacy in Gram-positive infections

Correlates well with trough linezolid concentration (R2 = 0.87)

MIC AUC0-24 (mg.h/L) AUC:MIC Cmin (mg/L)
1 100 100 0.22
2 200 100 4.8
4 400 100 13.8

Rao G, TDM, 2020
Adapted from Alsultan A, Saudi Pharm J, 2019

Slide modified from Dr Cindy Lau (Sydney, Australia)



Eldery

• Significant, progressive increment 
in linezolid troughs by decade (30% 
per decade of age)

• Supratherapeutic troughs
• 30% of patients < 65
• 50% of patients 65-80
• 65% of patients >80

• Women had higher linezolid troughs 
than men

• Difference remained when 
stratified by age

Cattaneo D, Clinical Pharmacokinetics, 2021
Cattaneo D, IJAA, 2016



Pediatrics

Abouelkheir M, et al. Eur J Clin Pharmacol. 2024
Jungbluth G, Paediatr Infect Dis 2003

• 41% of pediatric patients achieve 
targets

• 35% supratherapeutic
• 24% subtherapeutic

• All patients with heme toxicity 
received linezolid > 7 days

• Age-related exposures
• Newborn ~ adults
• First week of life: ↑ clearance, 

then gradual decline
• > 12 years ~ adults



Obesity

Cojutti P, Clin Pharmacokinet, 2018
Blackman A, AAC, 2021

Ehmann L, CMI, 2020
Cai Y, Expert Opin Investig Drugs, 2013

Weight-based vs fixed dosing
• Lower weight group = higher concentrations
• 10mg/kg: similar concentrations

Dose escalation up to 450mg Q8H recommended with CrCLCKD-EPI > 
60mL.min/1.73m2

• 600mg Q8H not recommended due to overexposure risk

Target attainment for standard dose not achieved in patients >140kg

Morbid obesity may require dose increase



Crass RL, et al. AAC. 2019.
Boak LM, et al. AAC. 2014.



Recent Case
44yo F presents to ED early January with melena, 
coughing blood

PMH: alcohol use disorder in remission, decompensated 
alcohol-related cirrhosis, grade 2 esophageal varices, 
recurrent ascites

Recently hospitalized for 27 days with AKI and VRE 
bacteremia

Listed for liver transplant

Admission: ceftriaxone, octreotide, IV PPI 🡪 to ICU

Pertinent labs 
day of 
admission:
 
Plt 136
SCr 3.4
eGFR 16
Albumin 2.3
WBC 18.4



Pleural fluid from Pleurex sampled next morning

• Rare enterococcus x2 species from pleurex 
cath

• Expect to find organisms with indwelling 
chronic catheters which can lead to 
infection but today there is no other 
evidence of untreated infection including 
benign appearing cell counts from pleural 
fluid

• I would hold off on treatment purely in the 
setting of positive pleural fluid culture from 
indwelling pleural catheter as we will need 
to differentiate colonization from infection

• Will have to follow temp curve, clinical 
stability, WBC etc in case infection does 
arise. If so will need to target these 
Enterococci at a minimum.



Hospital Day 7

• Patient acutely worsens
• Fever (Tmax 39⁰C)
• Leukocytosis persists
• Chills, sweats
• Increasing cell counts in pleural fluid

• ID re-consulted 🡪 initiate linezolid
• Liver Transplant on hospital day 11

Pertinent labs:
 
Plt 54
SCr 4.1
eGFR 13
Albumin 4 
(replacing)
WBC 19.7



Day Linezolid Dose Linezolid 
Concentration

eGFR Platelets

Day 7, PM 600mg PO 17 54

Day 8, AM 600mg PO 16 56

Day 8, PM 600mg PO 16 56

Day 9, AM 600mg PO 13 65

Day 9, PM 600mg PO 13 65

Day 10, AM 600mg PO 11 53

Patient initiated on linezolid 600mg PO BID 



Day Linezolid Dose Linezolid 
Concentration

eGFR Platelets

Day 7, PM 600mg PO 17 54

Day 8, AM 600mg PO 16 56

Day 8, PM 600mg PO 16 56

Day 9, AM 600mg PO 13 65

Day 9, PM 600mg PO 13 65

Day 10, AM 600mg PO 92.4 11 53

Received 5 doses, trough 
checked 🡪 recommend HOLD 

further doses



Day Linezolid Dose Linezolid 
Concentration

eGFR Platelets

Day 7, PM 600mg PO 17 54

Day 8, AM 600mg PO 16 56

Day 8, PM 600mg PO 16 56

Day 9, AM 600mg PO 13 65

Day 9, PM 600mg PO 13 65

Day 10, AM 600mg PO 92.4 11 53

Day 11, PM HELD 36.5 18 38

Day 13, AM HELD 3.9 26 16

Three days later, trough within goal 
range of 2-8 mg/L. Recommend single 

300mg dose and repeat concentration in 
24h



Day Linezolid Dose Linezolid 
Concentration

eGFR Platelets

Day 7, PM 600mg PO 17 54

Day 8, AM 600mg PO 16 56

Day 8, PM 600mg PO 16 56

Day 9, AM 600mg PO 13 65

Day 9, PM 600mg PO 13 65

Day 10, AM 600mg PO 92.4 11 53

Day 11, PM HELD 36.5 18 38

Day 13, AM HELD 3.9 26 16

Day 13, PM 600mg PO 26 16

Day 15, AM [None] 0.0 57 26

Day 15, PM 600mg PO 57 26

Day 16, PM 600mg PO 1.7 57 19

Day 17, AM 600mg PO 63 21

Day 17, PM 600mg PO 63 21

Day 18, AM 600mg PO 57 54



Day 7                Day 10                 Day 13                Day 16                 Day 19                 Day 22                 
Day 25

Day 7                Day 10                 Day 13                Day 16                 Day 19                 Day 22                 
Day 25

Day 7                Day 10                 Day 13                Day 16                 Day 19                 Day 22                 
Day 25



Hospital Day 18

• Patient discharges on 600mg PO BID to complete 14 days total 
• Stop date outpatient = day 21



Day Linezolid Dose Linezolid 
Concentration

eGFR Platelets

Day 10, AM 600mg PO 92.4 11 53

Day 11, PM HELD 36.5 18 38

Day 13, AM HELD 3.9 26 16

Day 13, PM 600mg PO 26 16

Day 15, AM [None] 0.0 57 26

Day 15, PM 600mg PO 57 26

Day 16, PM 600mg PO 1.7 57 19

Day 17, AM 600mg PO 63 21

Day 17, PM 600mg PO 63 21

Day 18, AM 600mg PO 57 54

Precision dosing saved this patient:
- Excess toxicity
- Unnecessary change in antibiotic
- Home on oral therapy (no PICC necessary)
- Hospital LOS (avoidance of toxicity; no need to coordinate OPAT)



The UPMC Approach
∙ Linezolid drug concentrations may only be ordered by providers associated with infectious diseases consult services or antimicrobial 

stewardship teams
∙ Patients should receive linezolid for at least 72 hours before TDM is performed
∙ Linezolid drug concentrations may only be ordered for patients meeting the following criteria:

o Requiring long term linezolid (greater than 2 weeks of therapy) OR
o Requiring greater than 1 week of therapy AND a risk factor for thrombocytopenia or deranged pharmacokinetics:

▪ ≥75 years old
▪ Critically ill on ECMO or RRT
▪ Pediatric patients
▪ Pregnancy
▪ Previous or current thrombocytopenia
▪ Cirrhosis
▪ BMI ≥ 40 
▪ Receiving other myelosuppressive agents
▪ eGFR < 60mL/min
▪ Trauma or burn

o Requiring repeat trough concentrations after dose adjustment or change in renal function to confirm therapeutic range 
achieved 

o Requiring a peak concentration to confirm oral absorption for treatment of Nocardiosis or mycobacterial infections
∙ Do not perform linezolid TDM for patients requiring 7 days or less of linezolid therapy







Scenario 5 

• 75yo F with Hx of recurrent UTIs presents to Primary Care 
Clinic for routine annual visit

• Current concern is that her urine smells funny

• She requests Urine testing to make sure she doesn’t have a UTI 



To expedite results, would you order 
Urine PCR to assess for infection?



UTI PCR Testing

• Multiplex-PCR and RT-PCR 
included in meta-analysis

• Up to 1/3 of patients with 
symptoms have negative 
culture



• Medicare beneficiaries, 2016 to 
2023

• Rate of UTI multiplex testing from 
2.4 to 148.1 claims per 10 000 
beneficiaries

• Median cost of multiplex test $585
• Median cost of urine culture $8


