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So it goes…

Intravenous 
Therapy

Oral 
therapy

• Serious infection warrants serious 
treatment

• Reliable drug exposures 
• Historic oral antibiotics as 

comparators
• “This is what we’ve always done”

• Mentally we’re not here
• Bioavailability (exposures) 

with beta-lactams
• Toxicities and drug- or 

disease- interactions (FQs, 
TMP-SMX) 

• “I’ve never done it”





Cortes-Penfield NW, Kulkarni PA. Open Forum Infect Dis. 2019;6(5):ofz181
Penberthy GC, Weller CN. Ann Surg. 1941;114(1):129-46

18/19 (95%) received oral therapy
16/19 (84%) achieved clinical cure
0 deaths (!!) 

Earliest report of 
systemic  

antimicrobial 
treatment of osteo 







Woof.



IV to PO – Benefits
• ↓ LOS, facilitate transitions of care1, 3, 5, 6    

• ↑early ambulation, patient comfort

• ↓ Antibiotic duration1

• ↓ 30-day readmission1

• ↓ C. difficile rates1

• ↓ Cost2, 3, 6, 7

• ↓ Incidence of line infections4

• ↓ Nursing workload
1 Kurtzhalts KE et al. Clin Ther 2016;38:1750-8
2 Davis SL et al.  Clin Infect Dis 2005;41:S136-143
3 Omidvari K et al.  Respir Med 1998;92:1032-9
4 Laing RB et al.  J Antimicrob Chemother 1998;42:107-11
5 Park SM et al.  Infect Chemother 2017;31-7
6 Kuti JL et al. Am J Health Syst Pharm  2002;59:2209-15
7 Paladino JA et al Am J med1991;91:462-70 Clin Infect Dis. 2016;62(10):e51–e77



IV to PO – #ECCMID2023 Hot Takes 

Med admin time-and-motion study in UK to assess workforce commitment for IV vs PO

22 mins and 5 seconds (IV) vs 80 seconds (PO)

Three times daily IV medication = 1 hour of nursing time!!!! 

Independent review of IV co-amoxiclav and IV amoxicillin for respiratory infections in Sept 
2022; 93 patients

75% IV amoxicillin and 25% IV co-amoxiclav inappropriate

Absolute additional carbon footprint = 5.2361 kgCO2e

Jenkins A, et al. Jabs to tabs: a time and motion study investigating medicines administration. ECCMID 2023 oral abstracts.
Kovacevic G, et al. The impact on the CO2 footprint when inappropriate intravenous antibiotic therapy is used instead of an earlier, clinically appropriate switch to an oral formulation or stopping the therapy entirely in a UK based tertiary hospital. 



Li HK, et al. N Engl J Med. 2019;380(5):425-436



OVIVA Results
Outcome of interest IV PO

Treatment failure within 1 year 14.6% 13.2%

Early discontinuation of treatment
       Patient preference
       Possible or probably recurrence

99/523 (18.9%)
3.6%
0.2%

67/523 (12.8%)
0.9%
2.8%

At least one serious adverse event 27.7% 26.2%

Antibiotic-related serious adverse event 13.6% 6.7%

C. difficile infection 1.7% 1%

Duration of therapy (median, days) 78 71

Hospital length of stay (median, days) 14 11

Oxford Knee Score Improved patient-reported outcome 
P=0.04 at Day 120 and 365 favoring PO therapy

Oral therapy was noninferior even in the 
“worst-case” scenario 



Favors PO Favors IV

PO IV

Failure/no failure

• This doesn’t count rifampin
• Dosing not mentioned!
• All tetracyclines = doxycycline
• No oral cephalosporins used
• No linezolid for > 2 weeks
• Minimal SMX/TMP
• 19 different planned oral combinations

• Cipro + clinda (N=19)
• Cipro + doxy (N=17)

What does “PO” mean?



Bone penetration…. 

• Concentration ratio between bone and serum, but….. 
• One sample per (non-infected) patient during surgical procedures is our best 

data
• Multiple, steady-state samples unpractical, unethical?

• Tissue homogenate ≠ distinct tissue compartments

• Whole tissue concentration ≠ active (free) concentration 

• Conditions of bone not accounted for (calcified, arthritic, density, cysts)

• Uncertain where pathogens inhabit diseased bone (osteoblasts? matrix?)

• Time course (of dose, of samples) and intersubject variability is significant 

• PK-PD target for bone infection unknown for most antimicrobials

• Effect of bone type? Effect of infection on extent and rate of penetration?

Landersdorfer CB, et al. Clin Pharmacokinet. 2009;48(2):89-124
Mouton JW, et al. J Antimicrob Chemother 2008; 61 (2): 235-7



I don’t think you get to give an IV to PO talk without citing Brad 
Spellberg and “Oral is the New IV”

Wald-Dickler N, et al. Oral is the New IV: Challenging Decades of Blood and Bone Infection Dogma: A systematic Review. The American Journal of Medicine. March 2022. 



How would you treat this patient?
31yo F with Prevotella bacteremia, MRSA and Proteus bilateral LE osteomyelitis



How would you treat this patient?



You’ll win the cost conversation

• One UK center estimated 79.7% of OPAT patients 
eligible for oral ABX, saving median 19.5 IV days 
and 1234 pounds per patient

• One USA center estimated cost savings of 
$3,270.69 per patient using PO over IV therapy 
for bone and joint infections



PO for Osteo Summary

• There are more data for oral therapy than IV therapy for the treatment of 
osteomyelitis

• Oral antibiotics are non-inferior to IV antibiotics for the treatment of (chronic) 
osteomyelitis
• No differences in clinical cure
• Less ADRs and complications with oral therapy
• Economically advantageous

• Peds guidelines recommend “short course IV followed by oral”

• Vertebral
• Some data here, TBD, but probably fine (Marconi L, et al. OFID 2022)
• 72 OVIVA patients

• When using oral antibiotics
• Make sure you dose them right
• Make sure you administer them right (food interactions, etc)
• “Bone penetration” and bioavailability are by no means absolutes



Gram-negative 
bacteremia



UPMC Pathway 



UPMC Criteria

✓ Enterobacterales organism (e.g. E. coli, Klebsiella spp., Enterobacter spp., etc.)

✓ Clinical improvement within 72 hours

o Lack of fever for at least 24 hours

o SBP > 90 and not requiring vasopressors

o WBC < 15 thou/μL

✓ None of the following medical conditions

o Current or expected neutropenia (ANC <500 cells/mm3) within the next two weeks

o CD4 count < 200 cells/m3

o Hematopoietic cell or solid organ transplant within 1 year

✓ Source = UTI (cystitis or pyelonephritis), intra-abdominal or biliary, catheter-related/line, 

pneumonia (without empyema/abscess or cystic fibrosis or bronchiectasis), skin/soft 

tissue 



• Biliary/gallbladder

• Adequate drainage of source (surgical, percutaneous, endoscopic)

• Urinary tract

• Stone/obstruction eliminated, no renal abscess, cathether/neph tube exchange or removal 

• Intra-abdominal 

• Any abscesses/collection drained, necrotic tissues debrided, removal of infected mesh

• Skin and soft tissue

• Incision and drainage of abscess, debridement of the infected/necrotic tissue or amputation 

• Central venous catheter

• Removal and exchange of vascular catheter

• Unknown

• No localizing signs or symptoms AND clinically stable and well-looking AND no source identified if 

imaging was performed

UPMC Criteria – Source Control 



UPMC Criteria

✓ Blood cultures positive for < 72 hours

o Repeat blood cultures after the first positive blood culture are usually not required, 

but may be beneficial in the following scenarios: (1) patients without an appropriate 

clinical response within 72 hours, (2) patients with clinical concern for an 

endovascular infection or endocarditis, (3) patients with recurrent infections (e.g., 

recurrent UTIs with bacteremia), (4) situations where there is limited or no source 

control (e.g., central line not removed, abscess not completely drained), (5) reinforce 

appropriateness of 7-day duration of therapy

o Short course therapy may not be appropriate if source control was not achieved 

early in the course (e.g. within 72 hours)



Available literature suggests there 
may be a higher incidence of 
recurrent bacteremia when PO beta-
lactams are used, but this may be 
because of suboptimal dosing of oral 
beta-lactams in previous studies. The 
higher doses recommended above 
are based on expert opinion, if an 
oral beta-lactam is selected for 
definitive therapy. 



RCT data coming soon!

• "What is the safest and most effective 
treatment approach for adults with 
Gram-negative bloodstream infections?“

• Adult patients

• 8 US hospitals

• IV vs early oral RX of gram-negative 
bloodstream infections

Tamma PD, Cosgrove SE. CMI. 2023.
https://www.pcori.org/research-results/2022/optimizing-outcomes-adults-gram-negative-bloodstream-infections



Endocarditis

Baddour LM, et al. Circulation. 2015 Oct 13;132(15):1435-86.



Iversen K, et al. N Engl J Med. 2018.

• Multicenter RCT in Denmark (400 patients)
• All patients received IV therapy for 10 days

• 199 continue IV
• 201 switch to oral

• Outcome: composite of all cause mortality, unplanned cardiac 
surgery, relapsed bacteremia, embolic events (follow-up 6 months 
after treatment)

• Micro: Streptococcus 49%, Enterococcus 22%, MSSA 22%, Other 7% 
(NO MRSA)

• Results: 24 (12.1%) IV group vs 18 (9.0%) oral group 
(95% CI, −3.4 to 9.6; P=0.40)



POET Antibiotic Regimens

Infecting pathogen All patients received 2 antibiotics from the list

PSSA/E and MSSA/E Amoxicillin 1g four times daily, Fusidic acid 750mg BID, Linezolid 600mg 
BID, Rifampin 600mg BID

MSSA/E Dicloxacillin 1g four times daily, Fusidic acid 750mg BID, Linezolid 
600mg BID, Rifampin 600mg BID

MRSE Linezolid 600mg BID, Fusidic acid 750mg BID, Rifampin 600mg BID

E. Faecalis, Streptococci with PCN MIC < 1 
mg/L

Amoxicillin 1g four times daily 
Moxifloxacin 400mg daily
Linezolid 600mg BID
Rifampin 600mg BID

Streptococci with PCN MIC ≥ 1 mg/L Moxifloxacin 400mg daily
Linezolid 600mg BID
Rifampin 600mg BID
Clindamycin 600mg TID

Iversen K, et al. N Engl J Med. Supplementary Materials.



Bock M, et al. CID. 2023.

POET TDM



Bock M, et al. CID. 2023.

POET TDM



Bock M, et al. CID. 2023.

POET TDM



POET – 5 years (!!) later

Pries-Heje MM, et al. NEJM. Feb 2022.

Median follow 5.4 years (IQR 4-6.9)
Primary outcome: 32.8% (oral) vs 45.2% (IV), HR 0.65; 95%CI (0.47-0.90)



Some final thoughts



There are patients who cannot take oral
• Clinically unfit for PO

• No active oral agent for infection
• Hemodynamically instability
• Severe vomiting or diarrhea within past 24 hours
• Non-functional GI tract (obstruction, malabsorption, short gut, etc.)

• Mucositis 
• Aspiration risk (altered mental status, impaired swallowing, etc.)

• Not tolerating at least a clear liquid diet or tube feeds
• Medication cannot be administered through feeding tube

• Patient specific factors
• Major drug interactions
• Allergies
• Intolerances or toxicities (role of TDM?)
• Refusal



This is hard to do, but it is possible

• Osteoarticular
• 9.3 to 4.4 per 1000 

discharges 
• Surgical Site

• 5.7 to 3 per 1000 
discharges

• Respiratory
• 5.5 to 1.2 per 1000 

discharges

Hersh AL et al JPIDS 2018



Tipping the scales

Intravenous 
Therapy

Oral 
therapy

Serious infection warrants serious treatment – 
we’re serious about oral ABX
Reliable drug exposures – can be achieved with 
appropriate orals
Historic oral antibiotics as comparators – we don’t 
use these drugs
“This is what we’ve always done” – it’s a new day

Mentally we’re not here – hopefully it’s a little 
better now
Bioavailability (exposures) with beta-lactams 
– it’s not not an issue, but it’s also not 
insurrmountable for all BLs
Toxicities and drug- or disease- interactions 
(FQs, TMP-SMX) – this is a thing to consider, 
we can weigh risk/benefit for each patient
“I’ve never done it” – maybe today’s the day!
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