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Background. We aimed to describe the management and treatment of hip joint infections caused by multidrug-resistant
Enterobacterales among patients with spinal cord injury (SCI).

Methods. We included all hip joint infections associated with grade IV decubitus ulcers caused by extended-spectrum beta-
lactamase producing Enterobacterales (ESBL-PE) and carbapenemase-producing Enterobacterales treated in a reference center
for bone and joint infections over 9 years in a retrospective study.

Results.  Seventeen SCI patients with ischial pressure ulcers breaching the hip capsule (mean age 52 + 15 years) were analyzed.
In 16 patients, paraplegia was secondary to trauma and 1 was secondary to multiple sclerosis. Infections were mostly polymicrobial
(n=15; 88.2%), notably caused by Kiebsiella pneumoniae (n=10) and Staphylococcus aureus (n=10). The carbapenemases
identified were exclusively OXA-48-type (n=3) including 2 isolates coexpressed with ESBL-PE within the same bacterial host.
Multidrug-resistant Enterobacterales were commonly resistant to fluoroquinolones (n=12; 70.6%). Most therapies were based
on carbapenems (n = 10) and combination therapies (n = 13). Median duration of treatment was 45 (6-60) days. Of 17 cases of
hip joint infections, 94.1% (n = 16) benefited from a femoral head and neck resection. Infection control was initially achieved in
58.8% (n=10) of cases and up to 88.2% after revision surgeries, after a median follow-up of 3 (1-36) months.

Conclusions. Hip infections among SCI patients caused by multidrug-resistant Enterobacterales are often polymicrobial and
fluoroquinolones-resistant infections caused by Klebsiella pneumoniae and S aureus, highlighting the need for expert centers
with pluridisciplinary meetings associating experienced surgeons, clinical microbiologists, and infectious disease specialists.
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The most recent estimate in 2020 of people living with spinal
cord injury (SCI) in the United States is approximately
296 000 individuals, with an annual incidence of 17900 new
cases each year [1]. In Europe, the incidence of traumatic SCI
is between 16 and 19.4 per million habitants [2], whereas
approximately half of the SCIs are related to a traumatic
etiology. The first 2 causes of infection in such patients

Received 18 February 2022; editorial decision 11 April 2022; accepted 13 April 2022; pub-
lished online 17 April 2022

Correspondence: B. Davido, MD, Msc, Service des Maladies Infectieuses, Université Paris-
Saclay, Hopital Raymond Poincaré, AP-HP, 104 Boulevard Raymond Poincaré, 92380 Garches,
France (benjamin.davido@aphp.fr).

Open Forum Infectious Diseases®

© The Author(s) 2022. Published by Oxford University Press on behalf of Infectious Diseases
Society of America. This is an Open Access article distributed under the terms of the
Creative Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons.
org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of
the work, in any medium, provided the original work is not altered or transformed in any
way, and that the work is properly cited. For commercial re-use, please contact journals.
permissions@oup.com

https://doi.org/10.1093/0fid/ofac209

involve the urinary tract followed by pressure ulcers [3].
In recent studies, some experts estimated the complication
rate of late-stage pressure ulcers to be 17.3%, including contigu-
ity osteomyelitis [4], with pelvic osteomyelitis or osteoarticular
hip involvement.

The most common microorganisms involved in osteomyeli-
tis due to
Staphylococcus aureus and Enterococcus faecalis (approximately
77%), followed by anaerobes (40%) and Enterobacterales (20%)
[5, 6]. In 2018, the Infectious Disease Society of America

pressure ulcers among SCI patients are

(IDSA) distributed a survey among a large panel of specialists
that revealed widely divergent diagnostic and treatment ap-
proaches of osteomyelitis associated with pressure ulcers [7].
Bone and joint infections (BJIs) are considered to be
among the most serious and difficult to treat infections, with
protocols often recommending a combination of debridement
surgery and prolonged courses of antimicrobial therapy,
and most of the literature relates to prosthetic joint infection [8].

It is even more complex among SCI patients sometimes
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requiring large debridement surgery with variable antimicrobi-
al therapy duration [5], sometimes considered as being over
treated [7].

In BJIs, commonly encountered susceptible microorganisms
can be easily treated using a combination therapy including
fluoroquinolones (FQs), due to its high oral bioavailibility
diffusion [9]. However, FQ
increasing, and it is very frequent among extended spectrum

and bone resistance is
beta-lactamase-producing Enterobacterales (ESBL-PE) and
may be associated with poorer outcomes [10, 11].

Considering the worldwide spread of ESBL-PE [12, 13], with
concomitantly a worldwide increase of carbapenemase-
producing Enterobacterales (CPE) [14], physical medicine
and rehabilitation physicians will inevitably be faced with
the management of those rare but complex osteomyelitis
cases among SCI patients that are most exposed to
healthcare-associated infections and antimicrobials.

To our knowledge, there is no reported case series addressing
the management of contiguity hip joint infections caused by
multidrug-resistant Enterobacterales (ESBL-PE and CPE) in
SCI patients. New data are always appreciated to support their
specific care, which prompts us to share our experience in their
management.

METHODS

Compliance With Ethical Standards

All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable
ethical standards.

Ethical Approval and Informed Consent

The research was conducted in accordance with the Declaration
of Helsinki as well as national and institutional standards. No
patient included in the study expressed opposition to the use
of clinical data in this retrospective study.

Setting

A retrospective study was conducted in a French reference cen-
ter for BJIs treatment serving the Greater Paris area, organized
around weekly multidisciplinary meetings with an infectious
disease specialist, an orthopedic surgeon, a microbiologist,
and a pharmacist. All SCI adults of documented hip osteomy-
elitis due to ESBL-PE and/or CPE from January 2011 to January
2020 were identified using the laboratory information system
(GLIMS v8; MIPS, Belgium).

During this 9-year period, our center managed approximate-
ly 2500 BJIs, in contrast with approximately 550 SCI patients
admitted every year for rehabilitation. The center is part of
the Assistance-Publique des Hopitaux de Paris (AP-HP) group,

with Hépital Raymond Poincaré being a center of expertise in
neurological impairment, including patients with paraplegia
and pressure ulcers. This patient population is frequently colo-
nized by multidrug-resistant organisms with an incidence that
can reach up to twice the value observed in French healthcare
facilities. Indeed, the incidence of ESBL-PE in rectal swab
screening was 1.39 per 1000 patient-days, compared with a
national average of 0.59 per 1000 patient-days in the general
population. Furthermore, Hopital Raymond Poincaré reported
a high antibiotic consumption for inpatients from 741 to 505
defined daily doses (DDD) during the same period, versus
from 377 to 306 DDD per 1000 patient-days in comparison
with all other French healthcare-facilities. These numbers are
mostly explained by 2 factors: first, the population served by
Hopital Raymond Poincaré, which specializes in the care for
highly resistant organisms and hosts a dedicated 8-bed unit
caring for CPE-infected patients, including many war-injured
patients with complex multidrug-resistant BJIs; and second,
the large number of complex BJI inpatients benefitting from
prolonged high-dose combination antimicrobial therapies.

Microbiological Methods
At least 3 intraoperative samples of bone and tissue were
collected (MED-Extremes) and processed using a bead mill as
previously reported [15]. Cultures were performed on solid me-
dia with 5 days incubation under aerobic, anaerobic, and CO,
atmospheres and a 14-day broth enrichment on blood culture
media (Bactec Peds Plus media and Lytic Anaerobic media
on a Bactec FX instrument; BD Diagnostic, Sparks, MD).
Bacterial identification of all cultured microorganisms was
performed by MALDI-TOF mass spectrometry (MALDI
Biotyper; Bruker Daltonique, Wissenbourg, France), and
susceptibility testing was performed by Kirby-Bauer disk diffu-
sion and diameters digitized using the SIRSCAN system (I2A,
Montpellier, France), and interpreted according to the
French implementation (Société Frangaise de Microbiologie a
créé un Comité de I'Antibiogramme [CA-SFM]) of the
European Committee on Antimicrobial Susceptibility Testing
(EUCAST) guidelines in use at the time of analysis.
Confirmation of ESBL activity was provided by testing the
synergy between clavulanate and third-generation cephalospo-
rins with cloxacillin inhibition of the chromosomal cephalo-
sporinase in AmpC-producing microorganisms according to
CA-SFM. Carbapenemase-producing Enterobacterales were
suspected on diminished carbapenem diameters and global
resistance profile on clinical isolates and confirmed by a carba-
penem hydrolysis assay. The molecular identification of the
carbapenemase was achieved by immunoenzymatic assays
or molecular detection assay (Xpertl Carbapenemase Test;
Cepheid, Maurens-Scopont, France), and cases negative
for OXA-48-like, New Delhi metallo-B-lactamase, Verona

integron-encoded = metallo-B-lactamase, K  pneumoniae
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carbapenemase, or imipenemase were sent to the French na-
tional reference center for antimicrobial resistance for further
exploration. On demand minimum inhibitory concentrations
of relevant antimicrobial agents were confirmed using ellips-
ometry (E-test, bioMérieux, Marcy IEtoile, France or
Liophilchem, I2A) according to EUCAST breakpoints.

Definitions

Bone and joint infection was defined by both imaging with
an articular involvement and a microbiologically positive
bone biopsy. We purposefully excluded isolated pelvic osteo-
myelitis without hip arthritis, which is a different clinical entity
treated with negative pressure therapy associated when needed
with flap coverage [17]. Bone and joint infection caused
by multidrug-resistant Enterobacterales was defined as micro-
biological documentation with 1 or more intraoperative tissue
samples or joint fluid positive for ESBL-PE or CPE. Treatment
success was defined as the absence of local or systemic signs of
infection, including delayed wound healing and the absence of
relapse requiring additional surgery within 3 months. Cases
that did not meet the above-mentioned criteria were classified
as “primary failure”, and outcome was evaluated at the time of
failure. Secondary success was evaluated according to the same
criteria 3 months after the last surgery in cases in which prima-
ry failure occurred.

Data Collection

The following data were collected: patient characteristics (age,
sex, comorbidities, Charlson score [18], hospitalization and
stay abroad for more than 1 month within previous 6 months,
hospital length of stay [LOS], digestive tract colonization); in-
fection characteristics (presence of an implant or foreign
body, site of infection, species of the causative microorganism
and mechanism of resistance, its resistance to FQs); treatment
characteristics (number of procedures including the present
one, surgical strategy, antimicrobial therapy, and duration);
and outcome and time frame of its evaluation (months).

Statistical Analysis

Descriptive results were expressed using the median and range
for continuous variables, where appropriate, and as the number
(percentage) for categorical variables. Analyses were performed
using Microsoft Excel 2018 (Microsoft Corp., Redmond, WA).

RESULTS

Study Population and Infection Characteristics

During the study period, the center did manage approximately
185 patients for hip infections, while we observed 101 BJIs
caused by multidrug-resistant Enterobacterales. After exclu-
sion of non-SCI patients, we analyzed 17 patients (16.8%)
whose details are presented in Table 1.

The sex ratio (male/female) was 8:1 with a mean + standard
deviation age of 52 + 15 years. The median Charlson comor-
bidity score was 1 (range, 0-6) and the median LOS was 30
(range, 10-69) days.

Infection sites were exclusively the hip (n =17), including 1
external fixator on 1 prosthesis. Sixteen patients suffered from
traumatic paraplegia and 1 multiple sclerosis with spinal cord
disorder responsible for ischial pressure sore. The majority of
patients had previously been hospitalized within the previous
6 months (n=12; 70.6%), and all carriers of CPE (n=3) had
returned from countries with a high rate of multidrug-resistant
Enterobacterales.

Infections were mostly polymicrobial (n =15; 88.2%), nota-
bly caused by K pneumoniae (n=10) and S aureus (n=10),
followed by ESBL-producing Escherichia coli (n=>5). All car-
bapenemases were of the OXA-48-type (n=3), hosted each
by K pneumoniae, E coli, and Klebsiella aerogenes and
caused resistance to all carbapenems. Multidrug-resistant
Enterobacterales were mainly resistant to FQ. Indeed, resis-
tance was observed in 70.6% of ESBL-PE and CPE (n = 12).

Surgical Management

The median number of surgical procedures was 2 (range, 1-10).
Of 17 cases of hip joint infections, 16 (94.1%) benefited from a
femoral head and neck excision as illustrated in Figure 1, and 1
debridement with saline lavage that resulted in failure.

Antimicrobial Susceptibilities, Treatments, and Outcomes
Antibiotic susceptibility differed widely between isolates from
different patients (see Table 1). Patients were most often treated
with combination therapies—dual therapy (n=8) or triple
therapy or more (n = 5)—and rarely with monotherapy (n=4).
The most prescribed antimicrobial therapy was based on carba-
penems (n=10), the recommended therapy for ESBL-PE.
Median duration of treatment was 45 (6-60) days.

Primary treatment was successful in 10 patients (58.8%) with
a median follow-up of 3 (1-36) months. Five patients required
a subsequent surgery to achieve infection control, and 2 pa-
tients died several months after the treatment including 1
with a chronic fistula. Moreover, there was a trend for a poorer
outcome in patients infected by K pneumoniae isolates (success
n=4 of 10) versus other microorganisms (n =26 of 7).

DISCUSSION

To the best of our knowledge, literature is scarce about the nat-
ural history of BJIs among SCI patients [19-21]. In addition,
only a few reports detailed the microbiological documentation,
with the exception of pelvic osteomyelitis [5-7]. Moreover,
little is known about BJIs caused by multidrug-resistant
Enterobacterales, with experts agreeing that their management
relies on orthopedic implants removal [11, 22, 23]. Following
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Figure 1. Pre- and postoperative computed tomography (CT) scan documentation
of head and neck resection surgery. Patient number 1: preoperative CT-scan show-
ing large intracapsular gas collections and multiple geodes within the right femoral
head (A). Femoral head and neck resection left an extensive synovitis with a fistu-
lous tract that caused a relapse (B). Patient number 3: 3-dimensional CT scan recon-
struction showing left trochanteric osteomyelitis with bone loss (C), and
postoperative femoral head and neck resection with removal of the diseased
bone tissue (D).

up on our previous reports of native ESBL-PE and CPE B]JIs
[24, 25], we report an original case series of hip joint infections
caused by multidrug-resistant Enterobacterales among SCI
patients.

Our study revealed a primary success rate of 58.8% for a
deemed difficult-to-treat infection, with up to 88.2% success af-
ter repeated surgery. This result is remarkable because this sub-
set of infections caused by multidrug-resistant Enterobacterales
could be expected to be therapeutically more challenging than
cases caused by susceptible organisms. Ohlmeier et al [21] re-
ported 21 of 59 SCI patients infected by susceptible microor-
ganisms, successfully treated by a single surgery using the
same technique of femoral head and neck resection. The proce-
dure has the advantage of significantly reducing the LOS and
the number of subsequent surgeries in case of recurrent pres-
sure ulcers [19]. Indeed, in such a population of SCI, it is com-
mon that patients require a revision surgery, with a median
number of surgeries in our cohort of 2 procedures in compar-
ison to 2.6 as reported by Ohlmeier et al [21].

Although our
Enterobacterales, especially K pneumoniae, the second species

work focuses on multidrug-resistant
of microorganisms observed was S aureus. Staphylococci has
been previously described as a major bacteria involved in pres-
sure ulcers complications among SCI cases [5, 6] but also in the
global epidemiology of osteomyelitis [26]. Of note, given the
limited sample size, we could not perform statistical analysis,
but there was a trend towards poorer outcome for K pneumoniae
hip infections, as previously supported in our work regarding
ESBL-PE BJIs [25].

It is noteworthy that we commonly used carbapenems
against BJIs caused by multidrug-resistant Enterobacterales.
However, some circumstances required last-resort antibiotics

(fosfomycin, tigecycline, and colistin) [27], and also a novel an-
tibiotic (ceftazidime-avibactam), effective against ESBL-PE and
most CPE. Those treatments were chosen considering the high
rate of FQs-resistant strains (70.6%).

Concerning the duration of treatment, we prescribed a me-
dian duration of antibiotics of 45 days as recommended by
the guidelines issued by the Infectious Diseases Society of
America regarding the treatment of native osteomyelitis [28].
Such long treatment duration might explain our median LOS
(30 days); meanwhile, LOS of rehospitalization averages ap-
proximately 18 days among SCI patients according to the
National SCI Statistical Center in the United States [29].

In our findings, the sex ratio (male/female) of 8:1 is concor-
dant with the data observed by the National SCI Statistical
Center, where approximately 80% of new cases are male con-
sidering their higher risk behavior [29]. Nevertheless, our study
presents some limitations. First, it is a relatively limited sample
size (n=17) but for a rare condition from a center of reference
for the treatment of complex BJIs among SCI patients. Second,
the retrospective nature of the study did not allow an exhaus-
tive list of the received antimicrobial therapies by the orthope-
dic surgeons. Third, these patients were coming for different
and multiple centers of rehabilitation with prescriptions for an-
tibiotics, most of them time over-the-counter medications, in-
cluding for positive urinary samples, which made it difficult to
draw conclusions of the actual contribution of antimicrobial
therapy in addition to surgery. Fourth, the short median
follow-up of 3 months is mostly due to the broad catchment
area of our specialized centers, limiting the interpretation of
the endpoint, considering that the average time until recur-
rence can reach up to 2 years [20]. However, from our previous
experience, those failures typically appear within the next 6
weeks after surgery and are easily re-addressed to our center
of expertise in case of relapse. Moreover, these infections do
not involve implant-related biofilm formation and are not, in
our experience, subject to delayed failure. Moreover, it is diffi-
cult to ensure such a prolonged follow-up among patients of
impaired mobility who often reside far away and require reha-
bilitation centers. Fifth, phenotypes of the microorganisms in-
cluded are heterogeneous and polymicrobial, which makes it
difficult to interpret the value of the different antibiotic strate-
gies used, but the homogeneity of the surgical procedure largely
based on femoral head and neck excision supports its
reproducibility.

CONCLUSIONS

In the present series of SCI patients suffering from hip infec-
tions, osteomyelitis were caused by multidrug-resistant
Enterobacterales, including K pneumoniae and S aureus, that
were mainly fluoroquinolones-resistant. Although patients
had few comorbidities, they required aggressive surgery relying
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on femoral head and neck excision with multiple revision to
improve definite outcome, highlighting the need for expert
centers with pluridisciplinary meetings with experienced spe-
cialists. Infectious disease specialists familiar with the use of
broad-spectrum antibiotics are crucial to ensure their proper
use in combination, with appropriate dosage and duration.
Further data are needed to evaluate the impact of shorter treat-
ment duration with novel drugs on the outcome.
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