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Oral vs Intravenous Antibiotics for Fracture-Related Infections
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Visual Abstract
IMPORTANCE Fracture-related infection (FRI) is a serious complication following fracture
fixation surgery. Current treatment of FRIs entails debridement and 6 weeks of intravenous
(IV) antibiotics. Lab data and retrospective clinical studies support use of oral antibiotics,
which are less expensive and may have fewer complications than IV antibiotics.
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OBJECTIVE To evaluate the effectiveness of treatment of FRI with oral vs IV antibiotics.

DESIGN, SETTING, AND PARTICIPANTS The POvIV multicenter, prospective randomized clinical
trial was conducted across 24 trauma centers in the US among patients aged 18 to 84 years
who had fracture repair or arthrodesis with fixation with implants and developed an FRI
without radiographic evidence of osteomyelitis. Patients were enrolled between March 2013
and September 2018 and followed up for 12 months after hospitalization for treatment of
their FRI.

INTERVENTION Oral vs IV antibiotics following FRI.

MAIN OUTCOMES AND MEASURES The primary outcome was number of surgical interventions,
and the primary hypothesis was noninferiority of oral vs IV antibiotics with respect to the
number of study injury-related surgical interventions by 1year. Unadjusted modified
intent-to-treat (mITT) and adjusted per-protocol (PP) analyses were prespecified. A post hoc
adjusted mITT analysis was conducted to resolve discrepancies between the results of the
prespecified mITT and PP analyses. Recurrence of a deep surgical site infection was a key
secondary outcome.

RESULTS Among 233 total patients, mean (SD) age was 46.0 (13.9) years, and 53 patients
were female (22.7%). The mean number of surgical interventions within 1year was 1.3 and 1.1
for the oral and IV groups, respectively. The upper bound of the 95% confidence interval of
the mean difference with unadjusted mITT analysis was 0.59, which was lower than the
prespecified noninferiority margin of 0.67, indicating noninferiority of oral to IV antibiotics.
Adjusted PP analysis did not support noninferiority of the number of reoperations. A post hoc
adjusted mITT analysis also showed noninferiority. The treatment effects estimates for the
key secondary outcome of reinfection showed a similar pattern as those for the primary
outcome.

CONCLUSIONS AND RELEVANCE In this prospective randomized clinical trial, oral antibiotic
treatment was noninferior to IV treatment with respect to the primary outcome of number of
surgical interventions based on mITT analysis. However, there is some uncertainty in these
findings based on preplanned and post hoc secondary analyses. A similar pattern of
treatment effect estimates was observed for the secondary outcome of recurrence of
infection.
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Oral vs Intravenous Antibiotics for Fracture-Related Infections

racture-related infection (FRI) is a common and seri-
ous complication following fracture fixation surgery.!
This is particularly true for open fractures, which are
common in civilian and combat-related injuries.? The devel-
opment of an infection prolongs recovery and increases the risk
of nonunion, amputation, sepsis, and death.>” Current FRI
treatment regimens throughout North America and Europe re-
quire patients with infections to receive prolonged intrave-
nous (IV) antibiotic therapy for 6 weeks or more following sur-
gical debridement.®1° However, prolonged IV therapy is
associated with increased costs and risks of line occlusion, sep-
sis, and thrombosis. On the other hand, several studies have
demonstrated the efficacy of oral fluoroquinolones for bone
and joint infections.'* In addition, oral linezolid is active
against antibiotic-resistant organisms. Oral antibiotics treat a
range of typical pathogens in orthopedics and have penetra-
tion into bone and joint fluid.’*?* Emerging literature sup-
ports successful use of lower-cost oral antibiotic therapy for
the management of adult?* and pediatric infections for shorter
duration of IV antibiotics and overall shorter duration of all
antibiotics.?>3°
The main aim of the POvIV randomized clinical trial was
to compare oral vs IV antibiotics for 6 weeks for the treat-
ment of FRI after fracture fixation or joint fusion. The pri-
mary hypothesis was that the mean number of study injury-
related surgical interventions by 1 year in the oral group would
be noninferior to that of the IV group.

Methods

Trial Design

The POVIV study was a prospective, multicenter randomized
clinical trial comparing oral vs IV antibiotic therapy in pa-
tients with FRI following extremity fractures. Its design has
been described previously.®! The study protocol and statisti-
cal analysis plan (SAP) are included in Supplement 1 and
Supplement 2, respectively. A total of 24 trauma centers par-
ticipated (eAppendix 2 in Supplement 3). The POVIV study pro-
tocol, including the informed consent form, was approved by
the Johns Hopkins Bloomberg School of Public Health insti-
tutional review board, the Department of Defense Human Re-
search Protection Office, and the institutional review board at
each participating center. The study was conducted under the
Major Extremity Trauma Research Consortium (METRC).32

Participants

Patients between the ages of 18 and 84 years who had a frac-
ture that had previously undergone repair or arthrodesis with
internal fixation with metal implants and developed an FRI that
was treated with surgery were eligible for inclusion in this
study. Complete details of inclusion and exclusion criteria are
contained in the protocol publication® (and further ex-
panded upon in eAppendix 1in Supplement 3). Deep surgical
site infection (SSI) was defined based on modified US Centers
for Disease Control and Prevention criteria and involved only
patients whose infections were treated operatively.® The defi-
nition of FRIwas not in common use at initiation of this study,
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Key Points

Question How do oral vs intravenous (IV) antibiotics affect
reoperation and reinfection rates after fracture-related infection
treatment?

Findings In this randomized clinical trial, oral antibiotics were
noninferior to IV with respect to the primary outcome of number
of surgical interventions in the unadjusted modified intent-to-treat
(mITT) analysis as well as in a post hoc adjusted mITT analysis, but
not in the prespecified, adjusted per-protocol analysis.

Meaning Oral and IV antibiotics appear to have similar results
treating infection after fracture surgery in terms of the primary
outcome of number of surgical interventions and the secondary
outcome of reinfection in the preplanned, unadjusted analysis;
however, the findings are less clear in additional preplanned and
post hoc secondary analyses conducted due to crossover and
imbalance between randomized groups.

but all patients fit the definition.3* Patients with osteomyeli-
tis, defined as radiographic evidence of bone erosion or se-
questrum in the setting of a deep infection, were excluded from
this study.

Intervention

Patients were only randomized if (1) cultures indicated organ-
isms were sensitive to available oral or IV antibiotics or if di-
agnosed with a culture-negative infection, (2) patients had no
drug allergies or interactions, and (3) the surgeon and infec-
tious disease team determined the patient could be treated
using either oral or IV antibiotics. Patients randomized to the
IV group were permitted to receive adjuvant therapy of oral
rifampin and be considered adherent. After providing writ-
ten informed consent and meeting all eligibility criteria, pa-
tients were randomized 1:1in randomly permuted blocks strati-
fied by clinical center. Patients were to be followed up for 1 year
after discharge from the initial infection hospitalization.

Outcomes

The primary outcome was the number of study injury-
related surgical interventions within 1 year after discharge from
theinitial infection hospitalization. A key secondary end point
for this study was recurrence of a deep SSI requiring surgical
treatment by 1year, which was adjudicated by a masked panel
of 3 orthopedic surgeons. Other secondary outcomes in-
cluded nonunion between 6 and 12 months, treatment fail-
ure by 1year, and rehospitalization due to complications of the
study injury by 1 year.

Statistical Analysis

All outcomes were analyzed under a modified intention-to-
treat (mITT) approach in which all patients except inappro-
priate enrollments, late ineligible patients, or refusals were ana-
lyzed according to the treatment group to which they were
randomly assigned. The planned sample size for the study was
132 patients per treatment group based on noninferiority for
the primary outcome.! A zero-inflated Poisson model was used
to estimate the treatment-specific mean number of study in-
jury-related surgical interventions, and it was assumed that
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this outcome distribution would have a mean of 2.2 and vari-
ance of 4.2. A 95% 1-sided, upper confidence interval for the
difference in means (Oral - IV) was computed. Oral antibiot-
ics were considered noninferior to IV if the mean difference
was less than or equal to 0.67 based on input from the proto-
col committee. Treatment-specific probabilities and risk dif-
ferences of reinfection by 1 year were estimated using Kaplan-
Meier methods. A noninferiority margin for reinfection was not
seta priori. Treatment-specific descriptive statistics were com-
puted for the secondary outcomes of nonunion, treatment fail-
ure, and rehospitalization due to complications.

Due to crossover, the mITT effect could be attenuated to-
ward the null of no treatment difference. To address this con-
cern, a secondary analysis was performed that estimated the
per-protocol (PP) effect for the primary outcome and second-
ary reinfection outcome. Specifically, inverse probability of
treatment weighting was used to estimate treatment effects
adjusted for measured confounders. The SAP prespecified an
unadjusted mITT analysis and an adjusted PP analysis with pre-
specified covariates. As part of the peer review process, we were
asked to explain the differences between the unadjusted mITT
and adjusted PP analyses. In doing so, we identified impor-
tant imbalances between the 2 treatment groups in the mITT
analysis, which led to the addition of an adjusted analysis of
the mITT effect. This also led to the inclusion of 2 additional
covariates in the models that had not been prespecified in the
SAP: (1) biological sex and (2) an Arbeitsgemeinschaft fiir Os-
teosynthesefragen/Orthopaedic Trauma Association
(AO/OTA)* type C fracture pattern.

. |
Results

Patients
Of 2059 patients screened, 921 patients were eligible for in-
clusion, and 242 patients were randomized between March
2013 and September 2018. Patient flow is provided in the
Figure. The study reached 88% of the enrollment target, with
115 patients in the oral group and 118 patients in the IV group.
Among 233 total patients, mean (SD) age was 46.0 (13.9) years;
53 patients were female (22.7%) and most patients were male
(180 patients [77%]). The largest subgroup of patients was in
the tibia or fibula group (64.4%), followed by femur (6.9%) and
radius or ulna (6.9%) fractures. Of 233 study participants, the
observed time from definitive fixation or fusion to infection
was less than 3 months for 125 patients (54%), 3 to 6 months
for 36 patients (15%), 6 to 12 months for 28 patients (12%), lon-
ger than 12 months for 43 patients (18%), and unknown for 1
patient (0.4%) (Table 1; eTable 1in Supplement 3). Despite ran-
domization, the treatment groups were imbalanced, with the
1V group having more male patients, type C fractures, and de-
bridements for the index infection. There were no appre-
ciable differences in follow-up time between patients random-
ized to the oral group compared with the IV group (median
[IQR] follow-up time: oral, 373 days [352-411]; IV, 377 days [349-
415)).

At discharge from the index infection hospitalization, 7 pa-
tients assigned to the oral group (6.1%) received IV antibiot-
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ics, and 12 patients assigned to IV (10.2%) received oral anti-
biotics only. Of patients randomized to and receiving IV
antibiotics, 15 patients received adjuvant oral rifampin only and
2 received adjuvant oral rifampin plus additional oral antibi-
otics. Of the 7 patients randomized to the oral group who re-
ceived IV antibiotics, 2 patients received adjuvant oral rif-
ampin and 5 did not. The mean (SD) number of days of baseline
antibiotic coverage was 39.3 (11.0) in the oral group and 40.7
(18.4) in the IV group. In the group randomized to oral antibi-
otics, 41% received linezolid, and in the group randomized to
1V, 29% received vancomycin. For those who received only oral
treatment, the mean (SD) duration of baseline antibiotic cov-
erage was 38.6 (11.3) days; 41% of these patients received li-
nezolid. For those who received any IV antibiotics, the mean
(SD) duration of baseline antibiotic coverage was 41.5 (18.4)
days; 34% of these patients received vancomycin.

Primary Outcome

The total number of observed study injury-related surgical in-
terventions within 1 year after discharge from the initial in-
fection hospitalization was 137 in the oral group (1.32 inter-
ventions per person-years of follow-up; 52 patients had O
interventions) and 118 in the IV group (1.09 interventions per
person-years of follow-up; 56 patients had O interventions).
The estimated mean number of study injury-related surgical
interventions based on the zero-inflated Poisson unadjusted
model was 1.32 (95% CI, 1.00-1.66) and 1.09 (95% CI, 0.83-
1.36) for the oral and IV groups, respectively. The estimated
difference in means was 0.23; the upper bound of the 95%
1-sided confidence interval was 0.59. This was lower than the
prespecified noninferiority margin of 0.67, indicating nonin-
feriority of oral to IV antibiotics in terms of the primary out-
come. The estimated mean number of study injury-related sur-
gical interventions based on the zero-inflated Poisson adjusted
model was 1.34 (95% CI, 1.01-1.70) and 1.04 (95% CI, 0.79-
1.32) for the oral and IV groups, respectively. The estimated dif-
ference in means was 0.30; the upper bound of the 95% 1-sided
confidence interval was 0.65. This was also lower than the pre-
specified noninferiority margin of 0.67 (Table 2).

In the secondary PP analysis, the estimated mean num-
ber of study injury-related surgical interventions within 1 year
was 1.39(95% CI, 1.05-1.74) and 1.03 (95% CI, 0.78-1.30) for the
oral only and any IV groups, respectively. The estimated dif-
ference in means was 0.35, and the upper bound of the 95%
1-sided confidence interval was 0.71. This was greater than the
prespecified noninferiority margin, indicating insufficient evi-
dence to conclude noninferiority. The unadjusted percent-
age of patients with no secondary surgeries was similar in oral
and IV groups in the mITT (45.2% vs 47.5%) and PP (45.0% Vs
47.8%) analyses (Table 2).

Secondary Reinfection Outcome

The number of recurrences of deep SSI observed within 1year
of discharge was 35 in the oral group (30.4% of patients, with
0.44 infections per person-year) and 38 in the IV group (32.2%
of patients, with 0.41infections per person-year). In the mITT
unadjusted analysis, estimated probabilities of reinfection
within 1 year were nearly identical between groups: 33.3% (95%
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Figure. CONSORT Diagram

2059 Patients assessed for eligibility

1138 Excluded?

412 History of chronic infection

325 Severe problems with follow-up anticipated
163 Nonqualified injury

124 High risk of amputation

80 Definitive treatment with external fixator
80 No infection, culture negative, or culture
not available

—>
96 Used SSRIs
131 Other reasons
921 Eligible
688 Excluded?
—>

289 Administrative constraints (timing, IRB,
or coenrollment)

231 Declined to participate
130 Declined randomization and joined

72 Not equally suited to both treatments
63 No infection, culture negative, or
culture not available
16 Challenges with medication
or insurance
9 Bacteria not susceptible to
both treatments
7 Used SSRIs
7 Patient preferred a specific treatment

observational study

IRB indicates institutional review
board; IV, intravenous; SSRI, selective
serotonin reuptake inhibitor.

242 Randomized

2Multiple reasons for exclusion were
possible.

bA total of 19 patients crossed over to
receive a treatment to which they
were not randomized (7 patients in

122 Randomized to receive oral antibiotics®
7 Did not receive intervention
(excluded after randomization)
5 Became ineligible late

120 Randomized to receive IV antibiotics?
2 Did not receive intervention (excluded
after randomization because patient
declined late)

the oral antibiotics group received
any IV antibiotics, and 12 patients
randomzied to IV antibiotics received
only oral antibiotics).

2 Enrollment inappropriate

v

l A total of 42 participants had <365
days of follow-up, and 73 participants

115 Included in modified intention-to-treat analysis®
13 Discontinued the intervention
6 Lost to follow-up
4 Died®
3 Cause unknown

118 Included in modified intention-to-treat analysisd
11 Discontinued the intervention
9 Lost to follow-up
1 Died (cause unknown)®
1 Incarcerated

had =365 days of follow-up (90% of
expected person-time of follow-up).

9A total of 46 participants had <365
days of follow-up, and 72 participants

1 Myocardial infarction
2 Incarcerated
1 Withdrew

had =365 days of follow-up (92% of
expected person-time of follow-up).

¢No patient death was determined to

CI, 24.2%-42.5%) for the oral group and 32.5% (95% CI, 23.9%-
41.6%) for the IV group (treatment difference for oral - IV, 0.71%
[95% CI, -11.8% t0 13.6%]). The mITT adjusted estimates of re-
infection were 34.8% (95% CI, 24.4%-46.0%) for oral and 30.5%
(95% CI, 21.7%-40.0%) for IV (treatment difference for oral - IV,
4.3% [95% CI, -9.4% to 18.3%]) (Table 3).

With regard to the PP analysis, the number of recur-
rences of infection observed within 1 year of discharge was 38
(31.7% of patients, with 0.47 infections per person-year) in the
oral only group and 35 (31.0% of patients, with 0.38 infec-
tions per person-year) in the any IV group. The adjusted esti-
mated probabilities of reinfection in the PP analysis within 1
year were 37.7% (95% CI, 26.9%-49.3%) for oral only and 29.8%
(95% CI, 20.8%-39.1%) for any IV (treatment difference for oral
only - any IV, 7.9% [95% CI, -6.6% to 22.6%]) (Table 3).
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be study related.

Other Secondary Outcomes
Nonunion between 182 to 365 days was observed in 5 pa-
tients in each randomized group (oral, 4.3%; IV, 4.2%), with
equal event rates during the time period (0.14 events per year).
In patients who received oral only or any IV antibiotics, 6 and
4 patients, respectively, experienced a nonunion between 182
and 365 days (oral only: 5.0% of patients, with 0.17 events per
person-year vs any IV: 3.5% of patients, with 0.11 events per
person-year).

eTable 2 in Supplement 3 reports on treatment failures
within 1year: 42 patients in each randomized group (oral, 36.5%
vs 1V, 35.9%) were observed to fail treatment, with 0.55 vs 0.50
failures per person-year in the oral and IV groups, respec-
tively. In those who received oral only and any IV, 45 patients
(37.5%) and 39 patients (34.8%), respectively, experienced a
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Table 1. Participant Demographic Characteristics

No. (%)
Assigned Per protocol
Oral vV Oral only Any IV
Characteristic (n=115) (n=118) (n=120) (n=113)
Age,y
18-34 29 (25) 31(26) 30 (25) 30(27)
35-54 52 (45) 57 (48) 59 (49) 50 (44)
55-80 34 (30) 30 (25) 31(26) 33(29)
Mean (SD) 46.4(13.7) 45.6 (14.2) 45.8(13.2) 46.2(14.8)
Sex
Female 31(27) 22 (19) 30 (25) 23 (20)
Male 84 (73) 96 (81) 90 (75) 90 (80)
Race and ethnicity®
Black 19 (17) 31 (26) 23(19) 27 (24)
Hispanic 8(7) 6 (5) 9(8) 5(4)
White 82 (71) 78 (66) 81 (68) 79 (70)
Other® 6(5) 3(3) 7 (6) 2(2)
Major daily activity
Working or active duty 72 (63) 77 (65) 79 (66) 70 (62)
Going to school 2(2) 4(3) 2(2) 4(4)
Something else 40 (35) 37 (31) 39(33) 38 (34)
Missing 1(1) 0 0 1(1)
Education
<High school 69 (60) 72 (61) 76 (63) 65 (58)
Some college 45 (39) 44 (37) 44 (37) 45 (40)
Refused or did not know 0 2(2) 0 2(2)
Missing 1(1) 0 0 1(1)
Comorbid conditions
Diabetes 20(17) 12 (10) 16 (13) 16 (14)
Liver disease 4(3) 11 (9) 5(4) 10 (9)
Kidney disease 10(9) 403) 8(7) 605 Abbreviations: BMI, body mass index;
Heart disease 48 (42) 53 (45) 47 (39) 54 (48) IV, intravenous; VR-12, Veterans
Immunosuppression RAND 12-Item Health Survey.
HIV 4(3) 2(2) 4(3) 2(2) 2 Participants self-reported race by
. : responding to the following
Without insurance 13(11) 15 (13) 16 (13) 12 (11) question: "What race do you
BMI, mean (SD)“ 29.2(7.3) 30.2(8.9) 29.2(7.0) 30.3(9.2) consider yourself to be? Please
Tobacco use choose one or more of the
following: White, African American,
Never 39(34) 43 (36) 4134 41(36) Asian, American Indian or Alaskan
Former 35(30) 33(28) 37 (31) 31(27) Native, Native Hawaiian or Pacific
Current 39 (34) 42 (36) 41 (34) 40 (35) Islander, Other." The original
- question for self-reported ethnicity
Missing 2(2) 0 1(D) 1@ was, "Are you of Latino or Hispanic
Drug allergy 6 (5) 6 (5) 6 (5) 6 (5) origin?” with a binary yes/no
Substance use disorder 5 (4) 9(8) 3(3) 11 (10) response. For this table, race and
. ethnicity were reported as a
Depression 10(9) 13 (11) 9(8) 14 (12) composite variable, wherein anyone
VR-12 preinjury health status identifying as being of Latino or
Excellent 3127) 37 (31) 32 (27) 36 (32) Hispanic origin was categorized as
Hispanic. Among non-Hispanic
Very good 3631 33(28) 38(32) 3127 participants, categories of Black and
Good 31(27) 28 (24) 34 (28) 25(22) White included those who identified
i 11 (10) 15 (13) 12 (10) 14 (12) solely as African American or White,
respectively.
Poor 5(4) 5(4) 4(3) 6 (5) . .
— ®Those identifying as more than 1
Missing 1 0 0 1@ race or as a race other than those
Preinjury VR-12 Physical 48.8 (10.9) 49.8 (11.0) 49.2 (10.7) 49.4 (11.2) listed was categorized as Other.
Compornentiscorelimeani(Sb) ¢ Calculated as weight in kilograms
Preinjury VR-12 Mental 54.6 (11.4) 55.5(9.8) 55.2 (11.0) 54.9 (10.2) divided by height in meters

Component Score, mean (SD)

squared.
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Table 2. Number of Study Injury-Related Surgical Interventions by 1 Year Post Initial Infection

miTT Per protocol
Oral [\ Oral only Any IV
(n =115) (n=118) Oral - IV (n =120) (n=113) Oral only - any IV
Participants with no OR trips, 52 (45.2) 56 (47.5) NA 54 (45.0) 54 (47.8) NA
No. (%)
Total OR trips, No. 137 118 NA 144 111 NA
Person-years of follow-up, 103.7 108.1 NA 106.6 105.2 NA

truncated at 1y, No.
Surgical interventions per
person-year of follow-up
Crude mean 1.32 1.07 NA 1.36 1.02 NA

Estimated mean, zero-inflated
Poisson (95% CI)

Unadjusted? 1.32 1.09 0.23 (95% Cl upper NA NA NA
(1.00to 1.66)  (0.83t01.36)  bound, 0.59)
Adjusted® 1.34 1.04 0.30 (95% Cl upper 1.39 1.03 0.35 (95% Cl upper

(1.01t01.70)  (0.79t01.32)

Abbreviations: IV, intravenous; mITT, modified intent-to-treat; NA, not
applicable; OR, operating room.

bound, 0.65) (1.05to0 1.74) (0.78t01.30)  bound, 0.71)

health, time between final fixation and initial infection, retention of surgical
implants at fracture site, number of debridements, gram-negative infection,
gram-positive infection, kidney disease, diabetes, substance use disorder, sex,
and fracture pattern C.

2 Unadjusted analysis not performed for per-protocol groupings.

b Analysis adjusts for the following covariates: age, body mass index, insurance
status, duration of hospital stay to treat initial infection, preinjury general

Table 3. Number of Reinfections by 1 Year Post Initial Infection

miTT Per protocol
Oral v Oral only Any IV
(n =115) (n=118) Oral - IV (n =120) (n=113) Oral only - any IV
Reinfections within 1y, No. (%) 35(30.4) 38(32.2) NA 38(31.7) 35(31.0) NA
KM estimate of probability of
reinfection within 1y (95% Cl)
Unadjusted?® 33.3% 32.5% 0.7% NA NA NA
(24.2%t042.5%) (23.9%t041.6%) (-11.8%to 13.6%)
Adjusted® 34.8% 30.5% 4.3% 37.7% 29.8% 7.9%

(24.4% 10 46.0%) (21.7%t040.0%) (-9.4% to 18.3%) (26.9%t049.3%) (20.8%t039.1%) (-6.6% to 22.6%)

Abbreviations: IV, intravenous; KM, Kaplan-Meier; mITT, modified
intent-to-treat.

2 Unadjusted analysis not performed for per-protocol groupings.

® Analysis adjusts for the following covariates: age, body mass index, insurance
status, duration of hospital stay to treat initial infection, preinjury general

health, time between final fixation and initial infection, retention of surgical
implants at fracture site, number of debridements, gram-negative infection,
gram-positive infection, kidney disease, diabetes, substance use disorder, sex,
and fracture pattern C.

treatment failure within 1 year (oral only: 0.59 events per per-
son-year vs any IV: 0.47 events per person-year).

eTable 3in Supplement 3 reports on rehospitalization due
to complications within 1 year. Overall, 42 patients (36.5%, with
an event rate of 0.57 rehospitalizations per person-year) and
39 patients (33.1%, with an event rate of 0.44 rehospitaliza-
tions per person-year) were rehospitalized in the oral and IV
groups, respectively. In those who received oral only and any
1V antibiotics, 44 patients (36.7%, with an event rate of 0.58
rehospitalizations per person-year) and 37 patients (32.7%, with
an event rate of 0.42 rehospitalizations per person-year) were
rehospitalized, respectively. Patients in the any IV group also
had an additional 3 admissions for line access, deep vein throm-
bosis, or line sepsis (multiple reasons possible) that required
hospitalization. These events were not counted as part of the
primary outcome.

Crossovers

The eFigure in Supplement 3 shows the flow of crossover
patients, and eTables 4-6 in Supplement 3 compare the
crossover patients to assigned patients. Relative to patients
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who crossed over from oral to IV antibiotics, patients who
crossed over from IV to oral antibiotics were more likely to
be male (75% vs 43%) or have less than a high school degree
(83% vs 43%), were more uninsured (33% vs 14%), had more
type C fractures (42% vs 29%), had more articular injuries
(58% Vs 29%), experienced more than 1 debridement (41% vs
29%), and had more anaerobic infections (17% vs 0%). The
19 crossovers occurred for a variety of reasons (eTable 6 in
Supplement 3). Ten patients (6 switching from IV to oral
antibiotics) refused their assigned treatment for reasons
including pills being too large, IV use requiring a nursing
home, IV use interfering with crutches, changing their mind,
lack of insurance, and ulcerative colitis. Infectious disease
physician preference was the reason for crossover in 4
patients. The crossover reason was unknown for 5 patients.
Among 7 patients who crossed over from oral to IV treat-
ment, 1 patient had a contributing event to the primary out-
come of reoperation, and O patients had reinfections.
Among 12 patients who crossed over from IV to oral antibiot-
ics, 8 events (from 4 patients) contributed to the primary
outcome of reoperation, and 3 patients had reinfections.
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|
Discussion

To our knowledge, this is the largest prospective randomized
clinical trial to evaluate the safety and efficacy of oral vs IV an-
tibiotics for FRI. We found that oral treatment was noninfe-
rior to IV treatment in unadjusted and adjusted mITT analy-
ses of the primary outcome of number of surgical interventions.
However, the secondary PP analysis was not supportive of non-
inferiority, as the upper bound of the 95% confidence inter-
val was 0.71, which was greater than the limit of 0.67 prespeci-
fied by the protocol committee based on clinical judgement.

Patients receiving oral vs IV antibiotics were observed to
have similar reinfection rates in the unadjusted mITT analy-
sis (PO, 33.3% vs IV, 32.5%); estimated differences increased
between IV and oral groups in adjusted mITT and PP analy-
ses. The higher failure rate among patients who crossed over
from IV to oral antibiotics compared with patients who crossed
over from oral to IV antibiotics may be due to several differ-
ences between the groups. Among crossover patients, the
group crossing over from IV to oral antibiotics included more
racial and ethnic minority individuals (67% vs 28%), more male
patients (75% vs 43%), fewer patients with education after high
school (17% vs 43%), more patients without insurance (33% vs
14%), more patients with type C fractures (42% vs 29%), those
with longer mean [SD] time from fixation to first infection de-
bridement (673.5[1756.7] days vs 123.1[178.3] days), and more
anaerobic infections (17% vs 0%). The most striking differ-
ence was the mean (SD) time to infection presentation. Late
presentation may make an infection harder to eradicate
(eTables 2-5 in Supplement 3).3°

Crude rates of treatment failure and rehospitalization for
complications were slightly higher for oral vs IV antibiotics based
onmITT and PP groupings; however, these differences are of un-
certain clinical significance. Crude rates of nonunions between
6 months and 1 year were similar between groups.

The OVIVA randomized clinical trial of oral vs IV antibi-
otic treatment for bone and joint infections®* found equiva-
lent results in patients randomly assigned to oral vs IV antibi-
otics with respect to treatment failure (13.2% vs 14.6%, defined
as the presence of at least 1 clinical, microbiologic, or histo-
logical criterion and similar to this trial’s reinfection criteria).
The OVIVA trial enrolled patients from a general orthopedic
patient population experiencing joint prosthetic infections
(n = 225), osteomyelitis or diskitis (n = 425), or FRIs (n = 394
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[63% with implant retention]). In contrast, all patients in the
POVIV trial had an FRI with metal at the site, which makes in-
fection eradication more challenging due to biofilm. Hence,
the reinfection rate in the POVIV trial (all FRI patients) was
much higher (32%) than the treatment failure rate in the OVIVA
trial that included, but was not limited to, FRIs (14%). OVIVA
investigators have not yet reported on the subgroup of pa-
tients with FRIs. Like POVIV, the OVIVA trial also suffered from
noncompliance with assigned treatment; the degree of FRI
crossover has not yet been reported.

Strengths and Limitations

The POVIV trial must be interpreted in light of its strengths and
limitations. Major study strengths included randomization,
prospective data collection, a multicenter approach, focus on
patients with FRIs, and greater than 90% expected follow-up
in both groups. Limitations include enrollment of just 88% of
the prespecified sample size due to enrollment difficulties.>
Another potential limitation was lack of masking of clinicians
and patients. However, the primary outcome of number of sur-
geries or secondary outcome of reinfection are unlikely to have
been influenced by a lack of masking.

Due to some crossover and lack of balance, we observed
mITT effects (unadjusted and adjusted) that were attenuated
toward the null relative to the adjusted PP analysis. Despite
meeting the noninferiority margin based on mITT analyses of
the primary outcome, the secondary PP analysis suggested
fewer overall study injury-related surgical interventions for any
IV vs oral antibiotics only groups. An important next step would
be to compare these results to effects among the subgroup of
patients in the OVIVA trial with FRIs.

.|
Conclusions

In the POVIV randomized clinical trial, these data show that
oral antibiotic use was noninferior to IV antibiotics with re-
spect to the primary outcome of number of surgical interven-
tions with the mITT analyses, but oral antibiotics did not dem-
onstrate noninferiority with the secondary PP analysis. While
there were similar rates of reinfection in the unadjusted mITT
analysis, there were greater differences in rates with adjusted
mITT and PP analyses. Clinicians and patients can use these
data to inform shared decision-making regarding antibiotic care
for FRIs.
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Invited Commentary

Mixed Results With Oral Antibiotics for Fracture-Related Infections

Kamal M. F. Itani, MD; William G. Henderson, MPH, PhD

The paradigm shift from longer courses and intravenous (IV)
administration of antibiotics to shorter courses and oral ad-
ministration continues with this important contribution by
Obremskey et al.! The authors report on a multicenter ran-
= domized clinical trial compar-
ing the current treatment of
fracture-related infections
(FRI) with subsequent debridements up to 1 year, after 6 weeks
of IV antibiotics vs oral antibiotics. It remains unknown
whether IV and oral antibiotics in this study provided equiva-
lent coverage and tissue penetration. Except for vancomycin
(IV), linezolid (oral), and rifampin (oral) as an adjunct to IV
therapy, the baseline antibiotics administered, doses, fre-
quency, and blood levels for vancomycin are not stated. As-
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suming antibiotic coverage was adequately addressed, the au-
thors have constructed an appropriate clinical trial.?

The rates of patient loss after randomization (9/
242 = 3.7%) and crossovers (19/233 = 8.2%) are not unusual for
randomized clinical trials,* and follow-up was adequate. How-
ever, the use of the term per-protocol analysis for the analysis
comparing patients who received only oral antibiotics or any
IV antibiotics is unclear. It is our understanding that this analy-
sis should be termed an as-treated analysis rather than a per-
protocol analysis. A per-protocol analysis only analyzes data
from participants who follow the protocol, excluding their data
after they become nonadherent. An as-treated analysis con-
siders the treatment actually received by the participant, re-
gardless of adherence to their randomized assignment.*

jamasurgery.com


https://dx.doi.org/10.2106/00004623-199072010-00017
https://dx.doi.org/10.1128/AAC.37.6.1214
https://dx.doi.org/10.1016/S0025-7125(16)30052-9
https://dx.doi.org/10.1016/S0732-8893(98)00101-1
https://dx.doi.org/10.1016/S0002-9343(20)31160-8
https://dx.doi.org/10.1016/S0002-9343(20)31161-X
https://dx.doi.org/10.1097/BOT.0000000000000158
https://dx.doi.org/10.1097/BOT.0000000000000158
https://dx.doi.org/10.1093/jac/39.2.241
https://dx.doi.org/10.2165/00003495-199500492-00016
https://dx.doi.org/10.2165/00003495-199500492-00016
https://dx.doi.org/10.1086/516150
https://dx.doi.org/10.1302/0301-620X.81B6.0811046
https://dx.doi.org/10.1302/0301-620X.81B6.0811046
https://dx.doi.org/10.1128/AAC.34.1.40
https://dx.doi.org/10.1128/AAC.34.1.40
https://dx.doi.org/10.1056/NEJM199709183371207
https://dx.doi.org/10.1056/NEJM199709183371207
https://dx.doi.org/10.1056/NEJMoa1710926
https://dx.doi.org/10.1016/S0140-6736(14)61233-2
https://dx.doi.org/10.1016/S0140-6736(14)61233-2
https://dx.doi.org/10.2337/dc14-1514
https://dx.doi.org/10.2337/dc14-1514
https://dx.doi.org/10.1093/jac/dkz202
https://dx.doi.org/10.1136/annrheumdis-2019-215116
https://dx.doi.org/10.1136/annrheumdis-2019-215116
https://dx.doi.org/10.1093/cid/ciaa1758
https://dx.doi.org/10.1056/NEJMoa2020198
https://dx.doi.org/10.1097/BOT.0000000000000802
https://dx.doi.org/10.1097/BOT.0000000000000802
https://dx.doi.org/10.1097/BOT.0000000000000549
https://dx.doi.org/10.1097/BOT.0000000000000549
https://dx.doi.org/10.1086/501620
https://dx.doi.org/10.1097/BOT.0000000000001614
https://dx.doi.org/10.1097/BOT.0000000000001614
https://dx.doi.org/10.1097/BOT.0000000000001063
https://dx.doi.org/10.1097/BOT.0000000000001063
https://dx.doi.org/10.1302/0301-620X.103B2.BJJ-2020-1010.R1
https://dx.doi.org/10.1302/0301-620X.103B2.BJJ-2020-1010.R1
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2024.6439?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2024.6440
http://www.jamasurgery.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2024.6440

