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Osteomyelitis remains difficult to treat, typically requiring a prolonged course of intravenous (i.v.) an- 

tibiotics. The optimal route and duration of antibiotics remains ill-defined due to limited prospec- 

tive clinical trials. Oritavancin is a long-acting, semisynthetic lipoglycopeptide antibiotic with rapid 

concentration-dependent bactericidal activity against many Gram-positive organisms. Favourable phar- 

macokinetics makes oritavancin an appealing alternative to currently available antibiotics requiring daily 

infusion to decrease the risk of vascular access complications associated with outpatient antimicrobial 

therapy. The purpose of this study was to report the outcomes of nine patients with chronic osteomyeli- 

tis receiving multidose oritavancin. Using electronic medical records, patients aged ≥18 years treated with 

i.v. oritavancin between September 2015 and April 2018 at Downtown Dublin Wound Center, a hospital- 

owned outpatient wound care clinic and infusion centre affiliated with Meadows Regional Health System 

in Dublin, GA, were identified. Of 12 cases reviewed, 9 patients received at least two doses of i.v. orita- 

vancin for the treatment of chronic osteomyelitis. All nine patients experienced clinical cure at 6-month 

follow-up after the last dose of oritavancin. Multidose oritavancin was found to be a safe and efficacious 

option for chronic osteomyelitis when treatment options are limited by patient complexities or barriers 

in their ability to access healthcare services. 

© 2018 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
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. Introduction 

Osteomyelitis occurs when micro-organisms gain access to bone

hrough contiguous dissemination, haematogenous seeding or di-

ect inoculation, leading to inflammatory changes and bone necro-

is, hallmarks of the disease [1,2] . Compared with acute os-

eomyelitis, chronic osteomyelitis is characterised by sinus tract

nd sequestrum development with vague symptoms. Although it

as among the first infectious processes recorded, chronic os-

eomyelitis remains one of the most difficult to diagnose, relying

n a combination of clinical suspicion as well as laboratory, radio-

raphic and microbiological findings. Furthermore, the paucity of

rospective clinical trials forces clinicians to rely on animal models,

ase reports and series, and retrospective studies to guide treat-

ent. 

Surgical treatment with debridement of necrotic bone ac-

ompanying identification of the infectious aetiology via surgical
✩ These data were presented at the 9th Annual Symposium on Advanced Wound 

are (SAWC) Fall Meeting, 20–22 October 2017, Las Vegas, NV [abstract CS-016]. 
∗ Corresponding author. Tel.: + 1 229 312 2156; fax: + 1 229 312 2155. 
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ampling or needle aspiration allows the optimisation of therapy

1,2] . Staphylococcus aureus , in particular methicillin-resistant S. au-

eus (MRSA), is among the most common micro-organisms causing

steomyelitis owing to its multitude of virulence factors enhanc-

ng pathogenesis and biofilm formation while impairing the host

mmune response [1–3] . In addition, S. aureus may internalise in

steoblasts, likely contributing to its persistence [4] . Limited bone

nd intraosteoblastic penetration coupled with increasing rates of

ntimicrobial resistance, in particular methicillin resistance, further

omplicates the treatment of osteomyelitis [4–6] . Co-morbidities

mpairing peripheral blood flow, including diabetes mellitus, may

ake osteomyelitis in these patients even more difficult to treat

6,7] . 

The optimal route and duration of antibiotics in osteomyelitis

aused by S. aureus , especially MRSA, remains unknown but usually

equires a prolonged treatment course of intravenous (i.v.) antibi-

tics [5] . Vancomycin remains the most commonly used agent for

RSA osteomyelitis despite high treatment failure and recurrence

ates [5] . Alternative regimens for MRSA osteomyelitis include

aptomycin, ceftaroline, linezolid and telavancin, but these are

lagued by adverse events (AEs) that may develop with extended

se [8] . Oritavancin, a long-acting, semisynthetic lipoglycopeptide

ntibiotic with rapid concentration-dependent bactericidal activity 
rved. 

https://doi.org/10.1016/j.ijantimicag.2018.11.023
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijantimicag
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijantimicag.2018.11.023&domain=pdf
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against many common Gram-positive organisms, including MRSA,

has emerged as a viable i.v. treatment option for osteomyelitis

[9–12] . Oritavancin, with its long terminal half-life and excellent

safety profile, could potentially replace available i.v. antibiotics

currently requiring one or more daily infusions, possibly leading

to a decrease in common complications associated with outpatient

antimicrobial therapy [13] . However, limited data are available

supporting the use of oritavancin for osteomyelitis [9,11,12] . The

purpose of this case series was to report our experience with

oritavancin in treating patients with chronic osteomyelitis. 

2. Methods 

This was a retrospective chart review of patients treated with

oritavancin at Downtown Dublin Wound Center, a hospital-owned

outpatient wound care clinic and infusion centre affiliated with

Meadows Regional Health System in Dublin, GA. This research was

carried out in accordance with the Declaration of Helsinki. Eligible

patients included adults aged ≥18 years who received at least two

doses of i.v. oritavancin for the treatment of chronic osteomyeli-

tis between September 2015 and April 2018 at Downtown Dublin

Wound Center. Oritavancin was dosed at 1200 mg i.v. infused over

3 h as the initial dose and as each subsequent dose for all patients.

Patients receiving oritavancin for indications other than chronic os-

teomyelitis were excluded. Chronic osteomyelitis was defined as

osteomyelitis lasting ≥3 months as per the Waldvogel classifica-

tion system [14] and was confirmed by imaging studies, includ-

ing radiography, magnetic resonance imaging (MRI) and/or nuclear

medicine bone scan findings [1] . Pertinent data were extracted

from the electronic medical record (EMR) and included past medi-

cal history, co-morbid conditions, prior and concomitant antibiotic

exposure, type and anatomical location of osteomyelitis, and orita-

vancin therapy characteristics, including dose, time between doses

and AEs. 

Microbiological data, including pathogen and susceptibility pro-

file, were also collected. The number of oritavancin doses was at

the sole discretion of the treating physician and was dependent

upon patient co-morbidities, clinical status of the patient, anatom-

ical location of osteomyelitis, and patient availability for follow-

up care. Clinical outcomes were determined by the treating clin-

ician. Patients were followed-up at 6 months after the last dose of

oritavancin and were evaluated for clinical cure. Clinical cure was

defined as complete wound epithelial closure and continued reso-

lution of signs and symptoms of infection, which included cessa-

tion of fever, normalisation of leukocytosis, and reduction in size

of the lesion compared with baseline without the need for addi-

tional Gram-positive antibiotics, surgical debridement or amputa-

tion. Aside from routine haematology and chemistry tests, no in-

flammatory biomarkers, such as erythrocyte sedimentation rate or

C-reactive protein, were obtained during the follow-up period. Fail-

ure was defined as inadequate resolution or progressive worsening

of signs and symptoms of the infection and the need for contin-

ued or alternative Gram-positive therapy, or if the patient was lost

to follow-up. Safety was assessed by evaluation of all recorded AEs

regardless of proximity to administration of oritavancin throughout

the 6-month follow-up period. Data were assessed using descrip-

tive statistics. 

3. Results 

Of the 12 patients receiving oritavancin for the treatment of os-

teomyelitis during the study period, 3 were excluded due to re-

ceipt of only one dose of oritavancin. Of note, all three of these pa-

tients were deemed to have achieved clinical cure at the 6-month

follow-up visit. Thus, nine patients met the study criteria and were

included in the analysis ( Table 1 ). The median patient age was 65
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Fig. 1. Comparison of the median [interquartile range (IQR)] time between oritavancin doses. 
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ears [interquartile range (IQR) 47–79 years], 67% (6/9) were male

nd the majority were Caucasian (89%; 8/9). The most common

o-morbidities were hypertension (67%; 6/9) and diabetes melli-

us (44%; 4/9). Study patients were generally obese with an aver-

ge body mass index (BMI) of 36.4 kg/m 

2 . Osteomyelitis was con-

rmed in two patients with positive nuclear medicine bone scans,

hilst the remaining cases were confirmed by MRI. All patients

ad chronic osteomyelitis of the lower extremity, of which the

ost common sites of infection were the metatarsal (33%; 3/9),

oe (22%; 2/9) and malleolus (22%; 2/9). Only three (33%) of the

ine patients had documentation in the EMR of receiving antibiotic

herapy prior to administration of oritavancin at the wound clinic.

ll patients received local wound care, whereas only one patient

nderwent surgical debridement. The most common pathogen was

RSA, which was isolated in 5 patients (56%). 

Overall, clinical cure was achieved in all nine patients (100%).

atient 5 had residual osteomyelitis in his right lateral malleo-

us confirmed by MRI on Day 144 of oritavancin therapy. Follow-

ng notification of this result, an additional dose of oritavancin

as administered on Day 148. Clinical cure was noted at the 6-

onth follow-up. The median number of oritavancin doses was

 (IQR 2–4); 44% (4/9) received more than two doses, of which

 patient received three total doses, 2 patients received four to-

al doses and 1 patient received six total doses. Compared with

he median time between dose 1 and dose 2, the time between

ose 2 and dose 3 was 6.5 days longer (27 days vs. 33.5 days);

nd compared with the median time between dose 2 and dose 3,

he time between dose 3 and dose 4 was 40.5 days longer (33.5

ays vs. 74 days) ( Fig. 1 ). The time between doses 4 and 5 was 13

ays, whilst the time between doses 5 and 6 was 29 days. Con-

omitant antibiotics were only administered in one patient who

eceived 3 months of doxycycline (Patient 1). All patients were in-

luded in the safety analysis. Oritavancin was well tolerated with

o treatment-emergent AEs reported. In addition, no laboratory ab-

ormalities were observed in the chemistry panels and complete

lood counts obtained during the study period. No patient required

ospitalisation, and all patients finished therapy completely as

utpatients. 

. Discussion 

Here we report the outcomes of nine patients with lower ex-

remity osteomyelitis treated with at least two doses of orita-

ancin. Despite the small number of patients included and the ret-

ospective nature of data collection, this represents the largest case
eries of patients receiving multidose oritavancin for the treatment

f chronic osteomyelitis, the majority of which were caused by

RSA. There was a paucity of oritavancin efficacy data in the treat-

ent of osteomyelitis at the time the first patient (Patient 1) in

he series was treated. Therefore, the treating clinician elected to

oncomitantly prescribe oral doxycycline as adjuvant antimicrobial

herapy. Since that time, recent reports have described using orita-

ancin in two patients with vertebral osteomyelitis [11,12] , one of

hich was due to MRSA [12] while the other was not cultured [11] ,

ne patient with methicillin-susceptible S. aureus (MSSA) lower ex-

remity osteomyelitis [9] , one patient with decubitus ulcers and

steomyelitis caused by mixed skin flora [11] , one patient with a

istory of i.v. drug abuse with culture-negative osteomyelitis and

eptic arthritis [11] and one patient with osteomyelitis caused by

SSA and Klebsiella oxytoca [11] ( Table 2 ). 

S. aureus , especially MRSA, is responsible for the majority

f cases of osteomyelitis, which may persist or recur in up

o 40% of patients and frequently leads to irreversible dam-

ge [15] . The pathogenicity of S. aureus is due to its ability

o colonise, form biofilms, internalise within, and even destroy

one through the production of proteins and toxins. Osteomyelitis

ypically requires surgical management in concert with antibiotic

herapy active against the infecting pathogen [2] . Selecting the op-

imal antibiotic therapy and route requires an understanding of

he extent and rate of bone penetration, particularly in diseased

one, as well as conditions limiting peripheral circulation depend-

ng on patient-specific co-morbidities [6] . Preliminary data from

he OVIVA trial presented at the European Congress of Clinical Mi-

robiology and Infectious Diseases (ECCMID) 2017 suggest highly

ioavailable agents may be acceptable, however use of oral antibi-

tics remains controversial [16,17] . Until more data are available

n the exact role of oral antibiotics, vancomycin remains the most

requently selected antibiotic for the treatment of chronic os-

eomyelitis [5] . However, use of vancomycin is associated with in-

reased rates of failure and recurrence, perhaps due to poor pen-

tration into bone and biofilms. In in vitro models, oritavancin

emonstrated higher bone concentrations compared with dalba-

ancin, teicoplanin, linezolid and vancomycin [18] . Oritavancin

isplays potent in vitro activity against actively-growing Gram-

ositive organisms, including MSSA and MRSA. Notably, oritavancin

ills S. aureus cells in stationary phase and within biofilms ow-

ng to its unique triple mechanism of action [10,19] . Although sus-

eptibility testing for oritavancin was not readily available dur-

ng the study period, previous in vitro data validated the use

f vancomycin susceptibility against S. aureus as a surrogate for
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ritavancin susceptibility with a predictive probability of 98.8% at

 minimum inhibitory concentration (MIC) of ≤0.12 mg/L [20] . 

Use of vancomycin frequently requires one or more daily infu-

ions, based on renal function, to achieve trough concentrations of

5–20 mg/L required for osteomyelitis [21,22] . However, evidence

s lacking to support an association between vancomycin trough

oncentrations and clinical efficacy. Significant correlations be-

ween nephrotoxicity and supratherapeutic trough concentrations

nd doses ≥4 g/day have been reported. Dosing vancomycin appro-

riately in obese patients remains challenging as empirical dosing

ecommendations routinely lead to underdosing in patients with a

MI ≥ 30 kg/m 

2 [23] . Whilst daptomycin, telavancin, ceftaroline

nd linezolid may serve as effective alternatives for osteomyeli-

is, each has limitations that may preclude their use [8] . Despite

nce-daily administration requirements, treatment with dapto-

ycin may lead to elevated creatinine phosphokinase, myopathies

r eosinophilic pneumonia, whereas higher rates of nephrotoxicity

ave been observed with telavancin compared with vancomycin.

rolonged use of ceftaroline or linezolid, beyond 14 days, is associ-

ted with the development of neutropenia and thrombocytopenia,

espectively [8,24] . 

No clinical trial data are available for the use of oritavancin in

steomyelitis. However, pharmacokinetics and bone concentrations

n rabbits administered 20 mg/kg oritavancin [human equivalent

ose of 1200 mg based on 24-h area under the concentration–

ime curve (AUC 0–24 )] have been investigated [18] . Oritavancin was

ound to rapidly distribute to bone where concentrations remained

bove the S. aureus MIC 90 until the end of the study period (7

ays). Although the active fraction of oritavancin in bone remains

nknown, bone penetration in this animal model, defined as the

issue-to-serum AUC 0–168 ratio into bone matrix and bone mar-

ow, was 1.7 and 3.1, respectively. These data provided the impetus

or intermittent oritavancin dosing in patients with osteomyelitis.

owever, the majority of patients in the current series were suc-

essfully treated with at least two doses of oritavancin adminis-

ered a median of 33.5 days (IQR 29.25–37.25 days) apart. Patient

omplexities and barriers in returning to the wound care clinic,

oupled with medical non-compliance and insurance benefits ver-

fication, limited precision scheduling of oritavancin. 

Compared with vancomycin for the treatment of acute bacte-

ial skin and skin-structure infections in the SOLO 1 and SOLO 2

linical trials, oritavancin displayed similar rates of AEs, includ-

ng drug-related, severe and those leading to study drug discon-

inuation [25,26] . The most common AEs reported were nausea,

omiting, diarrhoea and headache. In the pooled SOLO data, os-

eomyelitis occurred in a greater percentage of patients receiv-

ng oritavancin (0.6%; 6/976) than those receiving vancomycin

0.1%; 1/983). The median time to osteomyelitis onset was 4.6

ays in the oritavancin-treated patients compared with 2.6 days

n vancomycin-treated patients, prompting the US Food and Drug

dministration (FDA) to require the addition of a warning related

o osteomyelitis in the package insert [25] . Notably, these events

ccurred within 9 days following administration of oritavancin,

uggesting that osteomyelitis was pre-existing at study enrolment.

ritavancin was well tolerated and no treatment-emergent AEs

ere reported in the current study. Furthermore, epithelial closure

as documented in all nine patients achieving clinical cure and

emained re-epithelialised without the need for additional antibi-

tics, debridement or amputation through the 6-month follow up

eriod ( Fig. 2 ). 

This study is limited by its retrospective design and small sam-

le size from a single centre, which may limit its generalisabil-

ty. Although many of the patients may have received prior an-

ibiotic therapy, reporting of prior antibiotic therapy was limited

y documentation in the EMR and patient recall. Prior or con-

omitant use of antibiotics with oritavancin hinders our ability to
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Fig. 2. Chronic osteomyelitis of the right great toe (A) at baseline and (B) with re-epithelialisation of the wound at 6-month follow-up. 
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onclude that the high rate of clinical success was due to orita-

ancin alone. In addition, inconsistencies in time between orita-

ancin doses prohibit our ability to identify the optimal dosing

requency. In this study, the patient with calcaneal osteomyelitis

eceived six doses of oritavancin, and the two patients with lateral

alleolus osteomyelitis each received four doses. Osteomyelitis of

he calcaneus and lateral malleolus are complex infections charac-

erised by frequent recurrence and delayed healing, often requiring

rolonged treatment durations [27–29] . Notably, none of the pa-

ients included in this case series had post-traumatic or hardware-

ssociated osteomyelitis. However, to our knowledge, this is the

rst reported case series evaluating the use of oritavancin for the

reatment of chronic osteomyelitis. 

. Conclusion 

Osteomyelitis remains a formidable foe in an era of increasing

ncidence of MRSA, with limited guidance for treatment optimi-

ation. The success observed in the nine patients described here

uggests that multidose oritavancin may prove advantageous for

hronic osteomyelitis. Oritavancin was chosen due to its conve-

ience as a single i.v. infusion, negating the need for indwelling

.v. access and frequent administration at an infusion centre or

hrough home health services. Clinicians should consider multidose

ritavancin for patients with chronic osteomyelitis as a safe and

fficacious option when limited by patient complexities or barri-

rs in their ability to access healthcare services. Further research is

eeded to define the optimal dose and frequency of oritavancin for

he treatment of chronic osteomyelitis. 
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