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The challenge to overcome
“That is a pretty big cellulitis. There is no way it is going to improve with just oral antibiotics.”

“I’ve been on these oral antibiotics for 36 hours and my infection isn’t improving. My doctor sent 
me in because I NEED IV antibiotics.”

“I have an PWID whom I cannot send home with a PICC line, he is about to sign AMA, can you 
please recommend an oral regimen for endocarditis.”

“If we don’t use IV antibiotics this patient is going to end up needing an amputation” 

“I don’t feel comfortable sending this patient out on oral antibiotics”



Within the clinics, hospital corridors, and halls of medicine, a new 
phrase has emerged and taken hold of the practice of medicine. 
Whenever confronted with the challenging, inconvenient, 
undesirable, underinsured or maybe when just overwhelmed, 
health care personnel have begun to utter the phrase “I’m not 
comfortable with …”



Is this really an education deficit?

• Do we really believe physicians don’t know how to treat cellulitis 
or osteomyelitis?

• Do we think that the provider has logically thought through 
options and simply misunderstands how antibiotics work or 
what they cover?



Or is this about fear?*

• Antibiotics are the most potent psychoactive drugs in the 
pharmacopeia – they act on the prescriber rather than patients.

• When as providers we are afraid, we act instinctively, and 
antibiotics seem to sooth our fears.

• This is about fear - We must be countered it by rational 
education.

*Being sarcastic



The motivation in 2021: Shift to 
value-based care

Critical to avoid costly readmissions! Meet your metrics!!! Source: CMS



IV versus PO antibiotics

Among physicians and patients alike, it is generally accepted that IV 
antibiotics are better than oral. They are stronger. They will work faster. 
They will save the day when oral antibiotics have failed.



The High Value Care Committee (HVCC) 
develops recommendations and 
resources focused on High Value Care 
that assist physicians to provide the best 
possible care to their patients while 
simultaneously reducing unnecessary 
costs to the healthcare system.

Why should we care?



IV Antibiotics
• IV antibiotics are associated with prolonged hospital stays

• IV antibiotics may be associated with more adverse events and 
higher costs.

• Outpatient central venous catheters (CVC) are associated with 
complications 

• Cohort of 654 outpatient with CVCs
• 22% developed catheter associated complications
• About half-of these required ED visit or admission 

Spires, et al. ICHE. 2018



Healthcare Utilization in PJI: 
PICC ED Visits and Readmissions 
(Hinton Z. et al, 2020)



Bacterial Infections Associated with 
Substance Use Disorders, Large Cohort 
of US Hospitals 2012-2017

Among 72,481 weighted IE admissions recorded, SUD diagnoses increased from 19.9% in 2012 to 39.4% in 
2017 (P < .0001)

McCarthy, N. et al. CID January 2020



Aboltins et al. J. Antimicrob Chemother 2015;70

• Open label RCT
• Noninferiorirty (15%)
• Single Australian center
• 47 patients

ü Acute (<5 days) 
cellulitis

ü ED physicians thought 
they needed IV abx
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Oral antibiotics
ü 10 days total 

duration

• Primary outcome
ü Non-progression of 

cellulitis

• Secondary outcome
ü Failure of treatment
ü Pain
ü Compilations of treatment
ü Patient satisfaction

IV antibiotics
ü 10 days total 

duration

43% had already 
received a course of 

antibiotics



Oral vs. IV in the treatment of Cellulitis
Who was included?

• Patients
• Median age 48 years 

old
• 66% Male

• Infections
• Lower limb 87%
• Systemic symptoms 

74%
• Diabetes 21%

• Antibiotics used

51% Cephalexin 1 gram PO 
QID

49% Cefazolin 2 gram IV
BID

Aboltins et al. J. Antimicrob Chemother 2015;70



Oral vs. IV in the treatment of Cellulitis
What happened?

Aboltins et al. J. Antimicrob Chemother 2015;70

• Primary outcome (mean time 
to no further advancement) 

• 1.29 days in the oral 
group 

• 1.78 days in the IV group 
(mean difference 0.49 
days; 95% CI 1.02 to -
0.04 days) 

• Secondary outcomes
• Treatment failure was 

higher, but not statistically 
so in the IV group (5 vs 1, 
p=0.1)

• There was no difference 
in complications.

• Patients rated the two 
treatments as similar in 
convenience, 
effectiveness, and overall 
satisfaction.

• The oral group was “sicker” at 
the outset (fever, tachycardia, 
patients with high white cell 
count, and high CRP), which 
could have biased the results in 
favor of the IV treatment group.



How did this study change our practice?

• Small sample

• There are only 4 recent RCTs on PO vs IV antibiotics for cellulitis. 

• In hemodynamically stable (febrile) patients with cellulitis treatment 
should be with oral antibiotics. 

• Practice guidelines for the diagnosis and management of skin and 
soft tissue infections: 2014 update by the Infectious Diseases 
Society of America.



Cochrane Review 

• A Cochrane review of 25 studies including 2,588 patients comparing 
oral and IV antibiotics for uncomplicated cellulitis looking at 
“symptoms rated by participant or medical practitioner or proportion 
symptom-free” found that IV antibiotics were no better than oral 
ones. 

• A Cochrane meta-analysis of the 2 Bernard papers and a paper by 
Jorup-Rönström concluded that oral therapy was superior to 
intravenous therapy (RR 0.85, 95% CI 0.73 to 0.98). 

Kilburn SA et al. Cochrane Database Syst Rev. 2010;(6):CD004299



“A Story on Osteomyelitis”

IV versus PO

• Historically, acute hematogenous osteomyelitis treatment was 
exclusively by intravenous (IV) antibiotics, usually for 6 weeks. 

• Now “most” cases are treated initially with IV antibiotics and 
then transitioned to PO antibiotics after a sufficient clinical 
response to IV antibiotics is noted. 





Results
Pediatrics, 2009
• N= 1969

• Oral therapy: 948 (48%)
• IV therapy : 1021 (52%)

• Significant variation across hospitals 
(10% to 95%)

• No statistically significant differences 
in treatment failure:

• Prolonged IV 5% (54/1021)
• Oral 4% (38/948)

• Complications
• PICC – 3.4% (34/1021) readmitted for a 

catheter related complication

JAMA Peds, 2015
• N = 2060

• Oral therapy: 1005 (49%)
• IV therapy: 1055 (51%)

• Significant variation across hospitals 
(0 to 100%)

• Children treated with abx via the oral 
route (reference group) did not 
experience more treatment failures 
than those treated via the PICC route.

• Complications
• PICC – 15% (n-158) had a PICC 

complication that required an ED visit 
(n=96), a rehospitalization (n=38), or both 
(n=24).









Li et al. NEJM 2019;380:425-36

• Open label RCT
• Noninferiority (7.5%)
• 26 UK Centers
• 1054 patients

ü Native osteomyelitis
ü Native joint infection
ü Prosthetic joint infection
ü Fixation device infection

Up to 7 days of IV (~80%)/ 
PO (~20%) antibiotics
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Oral antibiotics
ü Median 71 days 

total duration

IV antibiotics
ü Median 78 days 

total duration

• Primary Outcome
• Definitive treatment failure 

within 1 year
• One of the following:

-Sinus tract or pus
-Positive cultures
-Positive histology



OVIVA
Who was included?

Patients

ü Median age 60 years 
old

ü 64% male
Infections 

ü 36% chronic 
osteomyelitis

ü 61% hardware 
infections

ü 4% VO/diskitis/epidural 
abscess

Li et al. NEJM 2019;380:425-36

Bugs

• 38% S. aureus*
• 27% CoNS
• 14% Streptococci
• 5% Pseudomonas
• 17% other GNRs
• 16% culture negative

*10% of tested S. aureus were MRSA

92% Had surgical intervention
• 32% debridement of OM/VO
• 23% debridement and retain
• 16% remove device
• 13% prosthetic joint removed
• 9% one-stage for PJI



OVIVA
What happened?

Antibiotics used
PO group (+ rifampin 56%)
• 16% oral penicillin
• 36% quinolones
• 13% 

macrolides/clindamycin
• 11% tetracyclines
• 10% other single oral
• 17% combination oral

IV group (+ rifampin 41%)
• 41% glycopeptides
• 33% cephalosporins
• 8% carbapenems
• 7% IV penicillins
• 7% other single IV
• 7% combination IV

Percentage on IV 
antibiotics

Percentage on any
antibiotics

Li et al. NEJM 2019;380:425-36



OVIVA
What happened at one year?



How will you use this in your 
practice?
• Bottom Line

• Following initial therapy with intravenous antimicrobials, 6 weeks 
of oral therapy was non-inferior to intravenous therapy.

• Given the length of hospital stay, logistical challenges with outpatient 
administration, increased risk of adverse events, and cost associated 
with IV antibiotics, an oral alternative is an attractive and feasible 
option in stable patients. 

• As of September of 2021, no guidelines have been published that 
reflect the results of this trial.



Management of Prosthetic Joint Infections

Tande et al. Inf Dis Clinics. 2017
Zimmerli et al. N Engl J Med 2004





Iversen, K et al. 2019. N Engl J Med 380;5

• Open label RCT
• Noninferiority (10%)
• All Danish Heart 

Centers
• 400 adult patients
• L-sided NVE or PVE
• Meet modified Duke
• Gram-positives only

• S. aureus
• E. faecalis
• Streptococci
• CoNS

• Stable

POET

>10 days of IV 
antibiotics 

(median 7days) R
A
N
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Switch to PO
ü Median 17 days 

total duration

IV antibiotics
ü Median 19 days 

total duration
(hospitalized)

≥10 days antibiotics left

Composite 1° End Point 
(Any)

• All-cause mortality
• Unplanned surgery
• Embolic events
• BSI relapse (6 months)



POET
Who was included?

Patients

ü Mean age 68 years old
ü 77% male
ü 1% IVDU

Infections 
ü 27% prosthetic valve
ü 9% CIED 

ü 40% infected

Bugs

• 49% Streptococci
• 24% E. faecalis
• 22% MSSA
• 6% CoNS

NO patients with MRSA

38% Had surgical intervention
• 17% AV bioprosthesis
• 5% AV mechanical valve
• 9% MV bioprosthesis
• 1% MV mechanical valve
• 3% MV repair
• 4% other

Iversen, K et al. 2019. N Engl J Med 380;5



Antibiotics used
PO group: 99%  2-drug therapy
• 23 different regimens
• 51% used rifampicin
• Strep: 52% amox + rif
• MSSA: 33% diclox + rif

29% amox + rif
• E. faecalis: 49% amox + moxi
• CoNS: 38% linezolid + fusidic acid 

(6%)
31% linezolid + rif

IV Group (Euro IE guidelines)
• Strep: PCN or amox or CTX +/- AG
• MSSA: oxa +/- AG (PVE: + rif)
• E. faecalis: amox + gent or vanc + 

gent or amp + CTX
• MR CoNS: vanc + gent (PVE: + rif)

Primary outcome:
12.1% in IV group vs. 
9% in oral group. 
Difference 3.1%
(95% CI -3.4 to 9.6)

POET
What happened?

Iversen, K et al. 2019. N Engl J Med 380;5

All-cause mortality at 6 months: 6.5% (IV) vs. 3.5% (oral) HR 0.53 
(95% CI 0.21 to 1.32)



How will you use this in your 
practice?
• In selected and stabilized patients, step-down therapy to PO 

antibiotics can be used for left-sided endocarditis:
• Streptococcus sp. – YES
• Enterococcus – Possibly
• MSSA-Possibly

• Were these patients already cured with surgery + 17 days of IV abx?
• What about MRSA?
• What about PWID?



Spellberg B. et al JAMA Intern Med 2020: 180(5)



Intro
• Dogma - effective Rx of IE requires prolonged IV abx

• PCN era – only IV
• 1st effective antibacterial - sulfonamides, mid-1930s
• Early experiences w/ oral sulfonamides in IE were disappointing 
Other case series - similar mortality rates



Intro
• IV PCN G 1940s - better cure rates in IE: 1% before IV PCN to 

85% after its introduction
• Oral tetracyclines and macrolides - late 1940s to early 1950s: 

unfavorable outcomes (cure rates of <30% in case series)
• Oral PCN mid-1950s - not viewed as reliable options for IE: 

concerns about bioavailability
• General sense that oral abx was unlikely to be effective for IE 

dates back to the 1950s



Conceptual Framework for Evaluating 
Reasonableness of Oral Antibiotics for IE
1. Bacteria don’t know which route abx are administered 

• ? whether oral abx absorbed at levels sufficient to kill bacteria at site of 
infection

2. Older oral tetracyclines, macrolides, sulfonamides achieve blood 
and tissue levels likely below those necessary to kill many bacteria 
that cause IE 
• Modern oral abx achieve levels > those necessary to kill IE pathogens in 

blood 
3. Oral antibiotics avoids prolonged IV catheterization and potential 

AEs and costs
• Complications are underappreciated 



Methods
• Searched PubMed for “endocarditis” and “oral” – 169 articles
• Excluded studies of pathogenesis or epidemiology of IE, single case 

reports, studies of prophylaxis for dental or other procedures, 
editorials or letters to the editor 

• Excluded 2 studies where linezolid was ass. w/ high cure rates in 84 
pts w/ IE - not clear what proportion of pts received oral vs IV 
linezolid

• 21 observational or quasi-experimental studies and 3 RCTs - all 
focused on the effectiveness of oral abx for part of the therapeutic 
course for pts with IE (total of 24 publications)



RCTs of Oral Step-Down Therapy for IE
Streptococcal IE  - 1991 

• 30 patients w/ left-sided streptococcal IE to receive 4 wks IV 
ceftriaxone or 2 wks IV ceftriaxone followed by 2 wks oral 
amoxicillin 

• 3 to 6 months f/u, all pts cured



RCTs of Oral Step-Down Therapy for IE
Staphylococcal IE – 1996 

• Randomized 93 PWIDs w/ right-sided staph IE to Rx w/ oral cipro 
(750 mg) plus oral RIF (300 mg) BID (45 pts) or to standard IV Rx 
(oxacillin, or vanc for MRSA plus gent for the 1st 5 days) (48 pts)

• Only 5 pts infected w/ MRSA, 6 infected w/ CNS, remainder MSSA
• No difference in clinical or microbiological cure rates or mortality 

between oral and IV groups
• 1 abx-associated AE (3%) among 36 evaluable pts in oral group vs 

24 (62%) among 39 evaluable pts in IV group (P < .001)
• Many AEs in IV group were severe



RCTs of Oral Step-Down Therapy for IE
Staphylococcal IE – 1996 
• Limitations - small sample size,  probably suboptimal rifampin dose (600 

mg qD better pharmacokinetics than 300 mg BID), predominantly young 
patients, low rate of MRSA infections, focus on right-sided IE only 

• Authors recognize concern about relative paucity of cases of MRSA in the  
literature of oral therapy for IE

• Methicillin resistance does not intrinsically alter activity of orally 
bioavailable, non–β-lactam abx - linezolid, fluoroquinolones, TMP-SMX, 
clindamycin, or rifampin

• If MRSA strain remains susceptible to an oral abx - no reason to believe its 
effectiveness would be lower relative to IV Rx for infections caused by 
MRSA vs MSSA



Discussion

• Lit search no published data demonstrating IV-only is more 
effective than oral step-down 

• Oral step-down was at least as effective as IV-only
• Largest RCT - oral step-down resulted in better outcomes 

compared w/ IV
• Oral step-down intrinsically safer than IV – no complications 

from IV



Limitations
• No good data on the duration of IV lead-in RX – all over the place
• Not all pts are reliable enough to take orals daily
• Reasonable to consider oral step-down once each of the following is 

true:
1. Clinically stable w/ no immediate indication for cardiac surgery 
2. Initial IV course has cleared their bacteremia
3. No concerns regarding absorption of orals
4. No psychosocial concerns that would cause IV to be preferred for adherence 
or level-of-care concerns
5. Oral abx available to which causative organism is susceptible, supported by 
published clinical data



Reasonable oral considerations for IE

• Amox for highly penicillin-susceptible strep 
• TMP-SMX for S aureus IE, only after initial IV lead-in period w/ an 

alternative agent and/or possibly with an initial lead-in period of IV TMP-
SMX in combo w/ IV clinda

• Levo or moxifloxacin only in combination with a second agent
• Linezolid, alone or possibly in combo w/ 2nd agent, for susceptible gram-

positive organisms
• More robust data on oral therapy for MRSA IE are needed 
• Whether or not to include rifampin in linezolid-based regimens is unclear

• Linezolid monotherapy may be preferable - rifampin lowers linezolid blood levels





• The RODEO-1 Study (Phase 3) 

• Designed to determine the safety and efficacy of partial oral treatment 
of IE compared with traditional full-length parenteral treatment. 

• Primary Objective: In patients with left-sided multi-susceptible 
Staphylococcus who have received at least 10 days of IV antibiotic 
treatment with or without valvular surgery, a switch to an oral 
combination of rifampicin and fluoroquinolones between Day 10 and 
Day 28 after initiation of the IV antibiotic treatment, is not inferior to 
the continuation of the conventional IV antibiotic treatment.

PI: Bernard L. ClinicalTrials.gov Identifier: NCT02701608



RODEO-1
• Inclusion Criteria:

• Left-sided IE (Defined according to Duke criteria) on native or prosthetic valve
• due to one isolate of Staphylococcus sp. (S. aureus or coagulase negative staphylococci, CNS) susceptible 

to levofloxacin and rifampicin
• in an adult ≥18 year old
• appropriate parenteral antibiotics treatment received for at least 10 days
• in case of valvular surgery, appropriate parenteral antibiotics treatment received for at least 10 days after 

valvular surgery
• planned duration of antibiotics will extend for at least 14 days at the time of randomization i.e. a potential 

switch to oral treatment between Day 10 and Day 28 thus ensuring to have at least 14 days of oral therapy 
remaining in the experimental group

• apyrexia (temperature < 38°C) at each time point during the last 48 hours (at least two measures/day) at 
the time of randomization

• blood cultures have been sterile for at least 5 days at the time of randomization
• informed, written consent obtained from patient
• subject covered by or having the rights to French social security

PI: Bernard L. ClinicalTrials.gov Identifier: NCT02701608



RODEO-1

1.Primary Outcome Measures: Treatment failure (3 months)

Failure is a composite outcome defined by death from all causes 
and/or symptomatic embolic events and/or unplanned valvular 
surgery and/or a microbiological relapse (with the primary 
pathogen).

They have 33 secondary outcomes!



PO Antibiotic Trials for 
Bacteremia





Bacteremia
RCT
Noninfiriority (10%)
Observer-blinded

• After 5-7 days IV therapy and no signs of complicated infection, oral versus 
IV therapy for 7-9 more days

• Endpoint: SAB-related complications at 90 days

• Study completion March 2020. Results are pending. 



Take-home

• Step-down to oral therapy reasonable alternative for selected
patients with bone and joint infections and endocarditis. 

• Remaining questions:
• Specific pathogens: MRSA, PSAR
• Role of/ Need for initial IV antibiotics
• Role of rifamycins
• Choice of agents
• Antibiotic duration with either IV or PO
• Role of the host: immunocompromise, PWID

Boucher NEJM 2019;380 487-9



Take-home 
• Pragmatic trials can be instructive and should be encouraged.

• Strategy studies inform practice.

• Noninferior designs do not always answer burning questions.

• Registrational trials are necessary but rarely answer the most 
relevant clinical questions. 



Partial oral therapy for osteomyelitis and endocarditis – Is it time?


