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ABSTRACT

Background: The design is a retrospective cohort study. Charcot spinal arthropathy (CSA) is a rare and poorly

understood progressive destructive spine condition that usually affects patients with preexisting spinal cord injury. The
complexity of this condition, especially when additionally burdened by superimposed infection in the CSA zone, can
potentially lead to suboptimal management such as protracted antibiotic therapy, predisposition to hardware failure,

and pseudarthrosis. While in noninfected CSA primary stabilization is the major goal, staged surgical management has
not been stratified based upon presence of a superinfected CSA. We compare clinical and radiological outcomes of
surgical treatment in CSA patients with and without concurrent spinal infections.

Methods: Our single-institution database was reviewed for all patients diagnosed with CSA and surgically treated,
who were subsequently divided into 2 cohorts: spinal arthropathy with superimposed infection and those without. Those
were comparatively studied for complications and reoperation rate.

Results: Fifteen patients with CSA underwent surgical intervention; mean follow up of 15.3 months (range, 0–43).
Eleven patients received stabilization with a quadruple-rod thoracolumbopelvic construct, while 4 patients with
superinfected CSA underwent a staged procedure. Patients treated with a staged approach experienced fewer
intraoperative complications (0% versus 18%) and fewer revision surgeries (25% versus 36%). Both cohorts had the

same eventual healing.
Conclusions: Surgical management in CSA patients with primary emphasis on stability and modified surgical

treatment based on presence of an active infection in the zone of neuropathic destruction will lead to similar eventual

successful results with relatively few and manageable complications in this challenging patient population.
Level of Evidence: 4.
Clinical Relevance: The proposed treatment algorithm including the use of a quadruple-rod construct with

lumbopelivic fixation and a staged approach in patients with superinfected CSA represents a reasonable option in the
surgical treatment of CSA.

Lumbar Spine

Keywords: quadruple-rod construct, bone morphogenic protein (BMP), polymethylmethacrylate (PMMA), Hounsfield
unit (HU)

INTRODUCTION

Charcot spinal arthropathy (CSA) is a relatively

rare condition characterized by complex progressive

destruction of the affected vertebral motion seg-

ments due to lack of protective proprioceptive

afferent innervation, most often as a remote

complication of spinal cord injury (SCI).1,2 It is

believed that CSA results from the absence of

supportive active muscular support secondary to

nociceptive and/or proprioceptive impairment in the

setting of SCI and is estimated to generally affect 1/

220 SCI patients.3 Loss of the protective mecha-
nisms that normally inhibit repetitive microtrauma
to weightbearing articulations can set in motion an
inflammatory process resulting in hypersclerosis of
bone as well as exuberant periosteal and periartic-
ular osteophyte formation accompanied by a
mixture of progressive osteolysis, spinal deformity,
instability, and potential for ascending neurological
impairment.4 In the absence of an effective preven-
tion program, timely recognition and monitoring
assumes a vital role to avoid significant debilitating
multisystem disease manifestations. Surgical indica-
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tions for CSA treatment include loss of postural
trunk alignment, progressive destruction of the
spinal column, and presence of recurrent infections
in and emanating from the zone of neuropathic
destruction. Goals of such surgery include perma-
nent spine stabilization resulting in firm arthrodesis
in a functionally suitable alignment after debride-
ment of necrotic or inflamed tissue and control of
any superimposed infection.5 The complexity of this
condition, especially when additionally burdened by
superimposed infection in the CSA zone, can
potentially lead to suboptimal management such
as unnecessary protracted antibiotic therapy or
predisposition of the surgical patient to hardware
failure and pseudarthrosis due to misunderstanding
of the underlying disease.6 Surgical management has
previously been detailed in expanded case series but,
to our knowledge, has not been stratified based
upon presence of an active infection in the
neuropathic destruction zone. At our institution,
we use a consistent posterior surgical approach for
CSA patients requiring surgery emphasizing stabi-
lization with a quadruple-rod construct with pelvic
fixation after debridement of the neuropathic
destruction zone followed by anterior column
reconstruction with a cage and augmented bone
grafting. In contrast, individuals with an identified
active superimposed infection in the neuropathic
destruction zone would routinely be managed in a
staged procedure with debridement of infected and
necrotic tissue and insertion of a temporary
antibiotic laced polymethylmethacrylate (aPMMA)
spacer into the defect zone and quadruple instru-
mentation before conversion to a definitive arthrod-
esis procedure after the infection had been resolved
under the use of intravenous antibiotics adminis-
tered over several weeks.

The purpose of our study was to compare clinical
and radiographic outcomes of CSA patients treated
with and without known infection in the neuro-
pathic zone of destruction and to assess differences
in clinical pathways between these 2 cohorts to
provide guidance toward improved diagnostic and
therapeutic decision making for these very challeng-
ing patients.

METHODS

Our prospectively collected spine surgery data-
base was retrospectively reviewed after approval by
our Institutional Review Board at Swedish Neuro-
science Institute (IRB ID STUDY2019000337) for

all patients with CSA between January 1st, 2006,
and June 29th, 2019. A thorough structured chart
and radiographic review was performed indepen-
dently by 2 fellowship-trained spine surgeons to
confirm the diagnosis of CSA with a further third
party in the form of an independent neuroradiolo-
gist to gather clinical and radiographic data
according to previously described key parame-
ters.4,7–9 Data collected from each patient included
age, gender, body mass index, presenting symptoms
at the time of diagnosis, the presence of known
concomitant infection, and the actual segment(s)
affected by CSA. Preoperative computed tomogra-
phy (CT) scans and, where available, magnetic
resonance imaging scans were examined for radio-
graphic signs of CSA, presence of osteomyelitis, and
local bone density as determined by averaging the
Hounsfield units (HU) of the vertebral bodies
directly above and below the level of CSA.10,11

The underlying diagnosis (index condition) leading
to CSA and the initially chosen treatment (index
procedure), if any, were recorded. For patients
having undergone a prior index procedure, we
counted the number of levels fused during the index
treatment, the grade and level of SCI caused by the
index condition, and the time between the onset of
the index condition and diagnosis of CSA.

Regarding surgical characteristics, we assessed
for clinical presence of infection or superinfection of
the involved Charcot joints, number and types of
planned and unplanned procedures, intraoperative
blood loss, as well as the amount and type of blood
products transfused. In all patients, intraoperative
microbiology cultures were obtained and assessed.
Patients in whom infection was either suspected
preoperatively or manifested intraoperatively, such
as with presence of purulence, a multistaged
surgery, as described in the succeeding section was
performed. Postoperative complications (wound
infection, instrumentation failure, pseudarthrosis,
new Charcot joint formation, and medical compli-
cations) were recorded and analyzed separately for
the 2 groups. CT scans were obtained to confirm
bony arthrodesis by 1-year follow up and until
fusion was confirmed in 6-month follow-up inter-
vals. Radiographic iliac screw loosening was defined
as �2 mm of periscrew lucency on follow-up
radiographs or CT scans.12 Patient follow up was
defined as the length of time from first surgical
treatment of CSA to the most recent outpatient
clinic visit.
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Surgical Technique and Interdisciplinary Treatment

Approach

In the absence of contraindications, cell saver and

tranexamic acid were used in all cases.

Posterior surgical exposure of the thoracolumbo-

pelvic region was carried out, and previously placed

hardware, if present in the area of surgical concern,

was removed. The neuropathic zone of destruction

was exposed from a posterolateral approach under

preservation of the central neural tube and nerve

roots. Intraoperative microbiology specimens and

fresh frozen specimens of the reactive soft tissue

area were gathered and analyzed. Debridement
followed by pulsed lavage irrigation of the zone of
neuropathic destruction was carried out up to the
healthy spinal column end rostrally and caudally. In
the presence of a visibly active infection, the
debridement was followed by insertion of a struc-
tural aPMMA spacer as previously described.13 In
the absence of an obvious purulent process, single-
stage reconstruction of the anterior column was
carried out with a large diameter titanium or
polyetheretherketone cage and filled in its core,
surroundings, and posterolaterally with a mixture of
local graft, morselized allograft, and off-label bone
morphogenic protein (BMP). Regardless of presence
of an active infection of the CSA zone, posterior
segmental stabilization was carried out with span-
ning rods and 2 outrigger rods assembled into a
quadruple-rod construct, with additional rods (sat-
ellite rods) used individually depending on the
location of the CSA. For pelvic fixation, we used a
modified iliac screw entry point technique to
maximize stability by avoiding side connectors and
to allow for multiple iliac screws if necessary.13 For
a second surgery in case of active infection in the
CSA zone, we staged this procedure after the
infection had received targeted intravenous antibi-
otics for 6–8 weeks with documented decrease of
their inflammatory markers (C-reactive protein
[CRP] and erythrocyte sedimentation rate) and
elevation of their serum albumin to above 3.5 mg/
dL. This second-stage surgery consisted of repeat
tissue sampling for microbiological analysis, wash-
out with copious amounts of pulsatile lavage,
removal of all posterior instrumentation, and over-
sizing screw diameters by at least 1 mm with
exchange of rods, removal of the aPMMA spacers,
and placement of an interbody or corpectomy cage
with allograft to promote arthrodesis as described
for the primary surgery (Figure 1). A plastic surgeon
routinely comanaged all patients with present or
anticipated wound healing impairment. Further, all
CSA patients received perioperative care by a
multidisciplinary team including, in addition to
other specialty surgeons, hospital medicine physi-
cians, infectious disease specialists, rehabilitation
medicine experts, and specialized physical and
occupational therapists.

RESULTS

We identified 17 surgical patients with confirmed
diagnoses of CSA treated between January 1st,

Figure 1. Patient 2 (71F): Midthoracic (T4) spinal cord injury, unstable L5–S1

junction. (A) (left top) and (B) (right top) Anterior/posterior and lateral, (C) (left

bottom) extension, and (D) (right bottom) flexion views.
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2006, and June 29th, 2019 (Figure 2). Two patients
were excluded from this evaluation: 1 patient with
preoperatively known active infection of the CSA
destruction zone refused instrumentation after
debridement and aPMMA insertion, while another
patient undergoing emergency treatment was
deemed not medically stable to proceed with the
quadruple-rod construct procedure due to acute
sepsis. Due to their circumstances, both patients
received minimum necessary care outside of our
protocol and were therefore not part of this
outcomes study.

Four patients (mean age¼ 61.25 years) presented
with a superinfected CSA (ICSA group), while 11
patients (mean age ¼ 55.54 years) presented with
noninfected CSA (NCSA group). Positive intraop-
erative cultures and surgical findings consistent with
infection were found in all ICSA. Five patients
(33.3%) were initially misdiagnosed with primary
vertebral osteomyelitis, all of whom were treated
nonsurgically with intravenous antibiotics before
presentation at our facility. Two of those misdiag-
nosed patients turned out to have ICSA (Table 1;
Figure 3).

All patients in the study cohort had developed
CSA at the SCI level or below. Using the American
Spinal Injury Association (ASIA) impairment scale,
all patients were confirmed with an ASIA Grade A
injury (Table 1). In 14 patients (93.3%), the index
condition was traumatic SCI. One patient’s index
condition was nontraumatic in nature. Although the

thoracic spine was the most common level of index
SCI (13/15, 86.6%), the lumbar spine was the most
common location for the development of CSA (12/
15, 80%). While 1 patient underwent an index
surgery in the ICSA group (25%), 9 (81.8%)
patients underwent an index surgery in the NCSA
group. Except for 1 case (pedicle screw fixation), all
patients had been fused using a Harrington rod
(Figure 4). In 5 patients, the CSA level was found to
be 1 level distal to the caudal segment of the index
fusion construct (Figure 5). The average time
between the onset of the index condition and the
diagnosis of CSA was 27.9 years (range, 13–48;
standard deviation (SD)¼ 10.2 years) with progres-
sive pain, sitting intolerance, and fever comprising
the most common presenting symptoms (53.3%,
26.7%, and 26.7%, respectively). ISCA average
CRP was 91.5 mg/dL (range, 59.6–123) compared
with 14.5 mg/dL (range, 0.6–30.2) in NCSA. With
pathologic hypersclerotic bone at the CSA zone
observed in 93.76% of the patients, the average HU
was 113.0 (range, 62.5–159.12; SD ¼ 31.3) at the
vertebral bodies adjacent to the level of Charcot
spine. All ICSA presented with gas formation in the
disc space, while it was only present in 5 patients
with NCSA (45%)(Table 2).

The most common organism identified via
intraoperative bone culture was Staphylococcus
aureus (in 2/4). In 3 patients, a single organism
was identified (2 with Staphylococcus aureus; 1 with
methicillin-resistant coagulase-negative staphylo-
cocci), while 1 patient showed evidence of polymi-
crobial infection. Fungi and/or bacterial growth
were also noted on preoperative urine, blood, and
wound or ulcer cultures in all ICSA patients. The
only type of preoperative culture that identified the
same organism as the intraoperative culture was the
sacral decubitus wound swab; the preoperative
wound swabs matched intraoperative Enterococcus
faecium in Case 8 and Staphylococcus aureus in Case
9 (Table 3).

The average duration of surgery in the NCSA
group was 347.7 minutes (range, 284–501; SD ¼
64.6). These patients had a mean length of stay
(LOS) of 10.31 days (range, 3.6–36; SD ¼ 9.35), of
which an average of 2.6 days was spent in the
intensive care unit (ICU). In case of staged
procedure (Figure 6), the duration of surgery was
327.7 minutes (range, 280–400; SD ¼ 62.8) and 245
minutes (range, 200–231; SD¼ 47.9) for the second
stage of the procedure. The total ICU stay was 2.9

Figure 2. Identification and exclusion of study cohort.
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days (range, 2–3; SD¼ 0.6) with a total LOS of 14.5
days (range, 11–18; SD¼ 2.8).

We encountered 2 intraoperative complications
(both NCSA). One patient (Case 3) was found to
have a hemothorax, which led to respiratory failure
and readmission to the ICU, resolving after chest
tube placement. One intraoperative durotomy re-
paired via dura plastic (Case 12; Table 4). We
encountered 3 medical complications in the NCSA
group (postoperative hypovolemic shock [Case 2]
and postoperative tachycardia) requiring a blood
transfusion.

The average clinical follow up was 15.3 months
(range, 0–43; SD ¼ 13.3). In total, 5 patients
underwent revision surgery (33.3%) during the
average clinical follow up, which was 15.3 months
(range, 0–43; SD ¼ 13.3). In 1 case (NCSA group),
we found radiological signs of bilateral loosening of
the iliac screws 15 months after surgery without
clinical complaints or pseudarthrosis. No additional
CSA levels developed. A total of 3 mortalities
occurred; 2 occurred more than a year after surgery,
and none were deemed related to the surgical care
by a peer panel.

DISCUSSION

Recognition and directed treatment of CSA
remains insufficiently understood among the spine
surgeon community. In 1980, Wirth et al14 pub-
lished a series of 23 cases with only 1 case related to
spine trauma. In recent times, however, history of
traumatic SCI has become the leading cause with

93.3% prevalence in our cohort.6,15–18 Although the
thoracic spine was the most common level of index
SCI (13/15, 86.6%), the lumbar spine was the most
common location for the development of CSA (12/
15, 80%). This may be attributable to the generally
increased lumbar mobility which is subject to
excessive torsional forces during the repetitive self-
transfer activity in paraplegic patients.6 Additional-
ly, long fusion constructs in paraplegic patients
unavoidably place supraphysiological forces on
adjacent caudal segments, contributing to the
incidence of lumbar CSA.6,8 Harrington rods, which
were the most common index procedure, provide
less resistance to torsional stresses, which occur
frequently in paraplegic patients during transfer
activities, and may further increase the probability
of CSA.19 Advancements in care and prolonged life
expectancy in SCI patients contribute to the rising
incidence of CSA, making the clinical and radio-
logical awareness of CSA crucial.3,20

Elevated CRP values did appear to differentiate
infected from noninfected cases, thus supporting the
notion that CRP is a specific test for the detection of
concomitant infection in the setting of CSA,
especially when fever is a presenting symptom.
Nevertheless, due to the delayed onset and rather
nonspecific clinical signs, radiographic studies are
mandatory tools in the workup and diagnosis of
CSA.5,8,17 The correct identification of CSA has
been notoriously challenging due to confusion with
degenerative and/or infectious processes. The pro-
gressive osseous and ligamentous destruction may
result in a radiological appearance that mimics

Table 1. Patient demographics.

Case Age BMI Cause of CSA

Level of SCI

(ASIA Grade)

Levels of

Initial Fusion

No. CSA Levels

(Location)

SCI-CSA

Interval (mo)

Presenting

Symptoms

1 62 30.7 Trauma T8 (A) T4–T10 (HR) 3 (T10–T11, L3–L4,
L5–S1)

39 Pain

2 71 14.6 Trauma (hematoma
after cardiac
procedure)

T4 (A) T3–L5 (HR for
kyphoscoliosis)

1 (L5–S1) 19 Incontinence

3 54 22.7 Trauma T4 (A) T3–T5 (HR) 1 (T11–T12) 30 Pain
4 58 23.5 Trauma T8 (A) None 1 (L2–L3) 19 Pain and instability
5 31 29.5 Spinal cord infarct T5 (A) None 1 (L2–L3) 15 Pain
6 58 17 Trauma T4 (A) T3–L3 (HR) 1 (L3–L4) 16,5 Nausea, malaise
7 52 32 Trauma T9 (A) T5–L1 (HR) 1 (L3–L4) 20 Pain
8 64 19.2 Trauma T9 (A) T4–T9 (HR) 1 (T9–T10) 20 Weakness
9 59 24 Trauma C5 (A) None 1 (L4–L5) 38 Pain
10 61 17 Trauma T4 (A) T3–T11 (HR) 1 (L2–L3) 32 Weakness
11 64 30.9 Trauma T9 (A) None 1 (T10–T11) 48 Pain
12 58 16.5 Trauma T8 (A) T4–L3 (H R) 1 (L3–L4) 28 Pain
13 60 27.4 Trauma T8 (A) None 1 (L3–L4) 30 Fever and pain
14 56 33.28 Trauma C4 (A) None 1 (L4–L5) 39 AD
15 48 46.9 Trauma T8 (A) T2–T1 1 (T12–L1) 13 Pain and SI

Abbreviations: AD, autonomic dysreflexia; ASIA, American Spinal Injury Association; BMI, body mass index; CSA, Charcot spinal arthropathy; HR, Harrington rod;
ICH, intracranial hemorrhage; SCI, spinal cord injury; SCI-CSA interval, time elapsed between index injury and the onset of CSA symptoms; SI, sitting intolerance.
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spinal infection.4,21 Especially in suspected infec-

tion, missed diagnosis of CSA carries with it a

sequence of well-intended but usually futile attempts

of imaging-directed aspiration attempts, prolonged

periods of intravenous antibiotics, and occasional

bracing as shown in our cohort, with 5 patients

being misdiagnosed as osteomyelitis, of which 2

patients presented with superinfected CSA.5,8,17

While superimposed infection of CSA has been

described as rare,8,21 we identified 4 such patients

within our cohort. SCI patients are predisposed to

infections such as pneumonia, skin or soft tissue

infections, and urinary tract infections (UTIs),

which might cause hematogenous infection.22–24

While hematogenous superinfection of CSA has

been described,21 we found continuous infection

secondary to a fistulous tract or an adjacent infected

decubitus ulcer to be the most common way of

infection in our cohort.5 Two patients had the same

bacterial growth found on sacral decubitus ulcer as

well as the deep tissue culture, suggesting possible

infection via fistulous skin track.5 While 50% of the

infected patients in our cohort had positive urine

cultures, none of these cases had the same bacteria

colonization intraoperatively. Furthermore, only 1

patient had positive blood cultures. The authors

conclude that, although UTI is common in this

patient population, it is not likely the source of

superimposed infection as typically seen with spinal

infections; rather, it is likely secondary to the

patient’s comorbid conditions or an adjacent

decubitus ulcer infection.

Surgical care of CSA has traditionally been

associated with high complication rates, as reported

with heterogenous techniques to achieve a stable

adequately bony fusion,5,7,8,14–18 with instrumenta-

tion loosening and wound healing complications

being 2 of the main concerns:

Aebli et al8 reported results of surgically managed

CSA, citing a 28.6% instrumentation loosening rate

and a 38% reoperation rate. Devlin et al25 reported

10 cases of CSA, of which 6 experienced perioper-

ative complications while 4 (40%) were directly

instrumentation related (screw pullout, anterior

graft dislodgement, rod breakage). This is the first

study, to our knowledge, featuring a homogenous

treatment algorithm proposed by Jacobs et al6 and

recognizing the role of superinfection by the concept

of a staged procedure in CSA with concomitant

infection.5,8,9,14,21,26–28 Jacobs et al6 advocated to

treat Charcot arthropathy of the lumbar spine with

a lumbopelvic quadruple-rod construct. This miti-

Figure 3 . Pat ien t 4 : Second -s tage surge ry 21 days a f t e r

polymethylmethacrylate strut insertion. One temporary rod broke caudally

after transfer maneuver. Removal followed segmental instrumentation.

Extensive aggressive debridement of spine and instrumentation tracks and

completion L1–L3 vertebrectomies, pulsatile lavage, 9 L, remove antibiotic

spacers. Anterior lumbar interbody fusion with expandable cage, Stryker AVS,

and bone morphogenic protein (BMP) and allograft. Posterior spinal

instrumentation and fusion T8 to ilium with quadruple-rod fixation and multiple

crosslinks and posterolateral fusion, and posterior lamina fusion L4–S1, with

BMP allograft.

Figure 4. Patient 2: Partial removal caudal end of Harrington rod,

laminectomy, and epidural debridement, L5–S1. Posterior interbody fusion

with bilateral expandable titanium cage with bone morphogenic protein (BMP)

with local and allograft bone and posterior spinal instrumentation T10 to pelvis

with quadruple-rod construct. L5–S1 fusion, posterolateral fusion and fusion to

ilium using local bone and allograft BMP.
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gates flexion, extension, and axial rotation at L5–S1
and especially in paraplegic patients, who bear
excessive lumbosacral loads during bed transfers
and mobilization, and has been shown to decrease
the instrumentation failure rate in short-term follow
up.29–31 In addition to biomechanical demands in
this patient collective, Charcot patients are known
to have an associated decrease in bone mineral
density (BMD) with disease progression attributable
to their comorbid conditions, especially SCI,
resulting in accelerated BMD loss.7,32–37 Our study
is the first, to our knowledge, to apply HU values to
a cohort of patients with CSA, which has proven to
be helpful in predicting BMD in patients undergo-
ing instrumented fusion.38–40 As expected, our
cohort had an average HU value of 113.0, which
places them at high risk for instrumentation-related
complications, as low HU (,116.4) has been
associated with cage subsidence41 and pedicle screw
loosening in thoracolumbar fusions.42 While this
finding underlines the biomechanical and biological

need for lumbopelvic fixation, the functional impact

of decreased lumbar spine mobility after instrumen-

tation and fusion on daily tasks such as performing

transfers, bladder self-catheterization, perineal hy-

giene, and stoma care where present cannot be

Figure 5. Distribution of spinal cord injury (SCI) and Charcot spinal

arthropathy (CSA) incidence by vertebral level. Note CSA levels typically

develop distal to level of SCI.

Table 2. Radiologic findings.

Case

Endplate

Involvement

Gas in the

Disc Space

Facet Joint

Fragmentation Distention

Increased

Density Dislocation HU

Clinically Mistaken

for Vertebral

Osteomyelitis

1 [ [ [ [ 65.2
2 [ [ [ [ [ 62.5
3 [ [ [ [ 95.1 [

4 [ [ [ [ [ 103.9 [

5 [ [ [ [ 159.1 [

6 [ [ 127.9 [

7 [ [ [ 169
8 [ [ [ [ 123
9 [ [ [ [ 110.5 [

10 [ [ [ [ [ 85.4
11 [ [ [ 92.1
12 [ [ [ [ [ [ 150.7
13 [ [ 125.5
14 [ [ [ [ [ [ 105
15 [ [ [ [ 120

Abbreviation: HU, Hounsfield unit.

Figure 6. Patient 4: Extensive destructive Charcot arthropathy of L2 and L3

vertebral bodies and large paravertebral abscess. Wide decompressive

laminectomies L1–L3, partial vertebrectomies L2 and L3, resection of abscess

capsule, open reduction and internal fixation T11–L5, insertion

polymethylmethacrylate strut graft (2 g of Simplex nontobramycin cement and

4 g vancomycin), 2 crosslinks.
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neglected and must be discussed beforehand with
the patient.8

While the largest existing case series have not
reported the incidence of superimposed infection in
CSA, we found an incidence of 26.7% in our
cohort.6,8 Their therapeutic implications are less
than clear, and a further delay in eventual treatment
is common.8,21 Further, the safety and timing of
surgical CSA care in the setting of a documented
ongoing infection has previously not been described.
In addition to instrumentation failure, deep wound
infections are commonly encountered in the treat-
ment of CSA and cause revision rates between 14%
and 17%, some of which may be attributable to
superimposed infection.6,8 The high propensity for
repeat infections, as seen in previously published
studies,6,43 may be attributable to impaired immu-
nity secondary to chronic illness as well as biofilm
formation on permanent catheters or metal im-
plants.44 As shown in our study, S. aureus is the
most frequently isolated bacteria in patients with
infected CSA; its capacity to form biofilms decreases
the efficacy of antimicrobial agents and leads to
chronic infections and wound healing complica-
tions.45,46 The concept of an aPMMA spacer has

been developed and established for treating peri-

prosthetic joint infections and is considered off-label

use in the setting of spinal infection.47,48 While there

is still a lack of evidence in spine infections

compared with periprosthetic joint infections,49–51

the first case series point out potential benefits in

spinal osteomyelitis.48,52 The proposed 2-staged

approach of placing a temporary aPMMA spacer

into the anterior column dead space prevents

seroma or hematoma formation while providing

anterior column stabilization and high local con-

centrations of antibiotic with no known systemic

toxicity.44,53 Moreover, it allows determination of

antibiotic sensitivity and appropriate adjustment of

antibiotic therapy, which remains the cornerstone in

the treatment of osteomyelitis and is favorably

reflected in the outcomes in our patients.53 With

respect to the concern of how to proceed in the

presence of an actual infection in the CSA zone, we

found our intraoperative decision making with

conversion to a 2-staged approach using aPMMA

spacers in our limited series to be a safe and effective

approach and not associated with any reinfec-

tions.47,48

Table 4. Revision surgery.

Case Group Initial Surgery Cause of Revision Readmission Procedure or Revision Surgery

3 NCSA T3–ilium FRC Misplaced T8 pedicle screw N/A Replacement of left T8 pedicle screw
4 ICSA Staged PMMA

þ T11–ilium FRC
Wound dehiscence or necrosis

thoracolumbar junction
(no infection)

14 d after initial surgery VAC therapy, secondary wound closure
with plastic surgeon (wound
reconstruction with right and left
latissimus dorsi)

7 NCSA T2–ilium Wound dehiscence or necrosis
over LPF
(no infection)

1 mo after initial surgery Debridement, wound closure with
plastic surgeon using latissimus
dorsi and gluteus maximus flaps

12 NCSA T0–ilium FRC LPF instrumentation pullout
(L3–L4 CSA level)

6 mo after initial surgery Redirected iliac screws

15 NCSA T10–ilium FRC Wound dehiscence (no infection) N/A VAC, wound reconstruction with
plastic surgeon using latissimus
dorsi and trapezius flap

Abbreviations: CSA, Charcot spinal arthropathy; FRC, four-rod construct; ICSA, infected CSA; LPF, lumbopelvic fixation; N/A, not applicable; NCSA, noninfected
CSA; PMMA, polymethylmethacrylate; VAC, vacuum-assisted closure,

Table 3. Infection characteristics.

Case

Preoperative

Urine Culture

Preoperative Wound

or Ulcer Swab

Intraoperative

Culture Blood Culture Treatment Fever

CRP,

mg/dL

WBC 3 10
9

cells/L

4 Candida parapsilosis NC Staphylococcus aureus (�) Vancomycin (spacer),
Ampicillin/Sulbactam

Yes 123 22.4

8 NC Candida parapsilosis,
Vancomycin-resistant
Enterococcus faecium

Vancomycin-resistant
Enterococcus faecium,
Pseudomonas aeruginosa

Citrobacter
freundii

Ceftazidime,
Metronidazole,
Tigecycline, Linezolid

Yes 111.4 17.2

11 Enterococcus spp. NC MR-CoNS (�) Vancomycin (IV),
Cefepime

No 59.6 5.6

9 NC Staphylococcus aureus Staphylococcus aureus (�) Rifampin, Cefazolin Yes 92 9.6

Abbreviations: (�), negative culture; CRP, C-reactive protein; IV, intravenous; MR-CoNS, methicillin-resistant coagulase-negative staphylococci; NC ¼ not collected;
WBC, white blood cell.
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Limitations

The main limitations of our study pertain to our
limited number of patients assessed through a
retrospective study design. Further, our mean
follow-up time was 16.79 months, which is less than
the 22 months reported by Jacobs et al.6 As they and
other authors have reported, 50% of their instru-
mentation failures presented within a year from
surgery, which was within our mean follow up.6,8,15

Due to the very large geographical drawing area of
our patients, longer term follow up, even using
remote radiographs and Internet-based telemedi-
cine, was a difficult obstacle to overcome. However,
if we examine instrumented patients with at least 1
year follow up, we observe an instrumentation
failure rate of only 1/8 (12.5%). Another limitation
present is the lack of a control group documenting
the outcome of nonoperative treatment of presumed
osteodiscitis or osteomyelitis in a possible Charcot
patient. As surgical management has become
increasingly the treatment of choice for progressive
destructive CSA, analysis of conservative treatment
outcomes is bound to be a frustrating undertaking
due to low patient numbers and very long multi-
factorial observation windows needed.

CONCLUSIONS

Treatment of CSA requires complex surgical
decision making, given the patients’ poor bone
quality and high propensity for failure after surgery.
Based on our treatment algorithm for CSA patients,
we highly recommend aggressive management with
debridement of necrotic or infected tissue, use of
BMP (if not contraindicated), and the use of a
quadruple-rod construct with lumbopelivic fixation
to provide maximum fixation to prevent instrumen-
tation failure or pseudarthrosis. Furthermore, we
believe that a staged approach in patients with
superinfected CSA is reasonable.
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