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Abstract
Background Infection after spinal fusion for scoliosis is a
commonly reported complication. Although techniques in
paediatric spinal fusion have improved with regard to infec-
tion prophylaxis, postoperative infection rates range from
0.4% to 8.7%.
Infection rates and causative factors The rate of infection in
surgery for adolescent idiopathic scoliosis (AIS) has ranged
from 0.9% to 3%. The rate of infection in spinal surgery for
deformity related to myelomeningocele has been reported to
be from 8% to 24%. The rate of infection in spinal surgery
for deformity related to cerebral palsy has been reported to
be from 6.1% to 8.7%. Infection after spinal fusion for
scoliosis related to a muscular dystrophy is generally less
frequent. Despite a large number of cases and studies, the
literature did not provide documentation of several factors
that may be related to the occurrence of wound infection.
The rate of wound infection after spine surgery is dependent
on many factors, including the complexity of the procedure,
health status of the patient, and potentially the experience
and technique of the operating surgeon.
Treatment algorithm The general algorithm for treatment
depends on a variety of factors, including the delay from
the index procedure, the infecting organism, the location
and extent of the infection, the gross appearance of the
fusion mass, and the surgical strategy used to correct the
initial deformity. For infections that develop within the first
90 days after the index procedure all attempts to retain the

instrumentation should be made. In late infections, the
fusion mass must be carefully inspected before instrumen-
tation removal is considered. Although fusion may appear to
be solid both radiographically and intra-operatively, there
still may be the possibility of loss of correction at last
follow-up.
Conclusion Deep wound infection after instrumented fusion
of the spine remains a difficult and challenging clinical prob-
lem and entails substantial morbidity, cost, and recovery time
for the patient. An aggressive approach to deep wound infec-
tion emphasising early irrigation and debridement allowed
preservation of instrumentation and successful fusion in most
cases. At the conclusion of treatment, patients can expect a
medium-term clinical outcome similar to patients in whom
infectious complication did not occur.

Introduction

Infection after spinal fusion for scoliosis is a commonly
reported complication. Studies performed on adults report
infection rates ranging from 9.3% to 20% [1, 2]. Although
techniques in paediatric spinal fusion have improved with
regard to infection prophylaxis, postoperative infections and
wound complications remain, with current reported scoliosis
infection rates ranging from 0.4% to 8.7% [3, 4].

According to the last SRS report [2], the overall rates of
superficial and deep infection were 0.8% and 1.3%, respec-
tively. Superficial and deep infections occurred in 0.8% and
1.2% of adult patients (n082,082), respectively, and in 1.0%
and 1.7% of pediatric patients (n025,432).

In most cases, current treatment algorithms [4–8] are
effective at eradicating the infection; chronic infection stem-
ming from a postoperative spinal infection in a child is rare.
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Infection rates related to specific diagnosis

Infection rates in scoliosis surgery associated with a specific
underlying diagnosis have been reported in smaller studies.
The largest diagnosis-specific studies have been in patients
with adolescent idiopathic scoliosis (AIS). The rate of in-
fection in surgery for AIS has ranged from 0.9% to 3% [3, 9,
10]. The largest study is based on self-reported cases from
members of the Scoliosis Research Society, who reported a
rate of infection of 1.1% in 6,334 patients [11].

Infection after spine fusion for neuromuscular scoliosis
has been shown to range from 4.2% to 20.0% prevalence
[12–14]. The term “neuromuscular scoliosis” covers a wide
variety of conditions, each with its own rate of infection
associated with spinal deformity surgery. Some of the fac-
tors that may account for the differences of infection rate
between diagnoses are loss of sensation, loss of bowel and
bladder control, previous surgical treatment of the spine, and
altered soft tissue coverage. Patients without sensation in
their lower extremities, buttocks, or lower back are at risk of
the development of decubiti, which can, in turn, lead to an
infection either by direct contamination or haematological
spread. Those patients who lack bowel and bladder control
risk seeding a wound with feces or urine. Furthermore, these
patients develop frequent urinary tract infections, which can
spread to implanted instrumentation or a surgical wound [15].

Previous retrospective studies reported specific rates of
infection for each diagnosis, including scoliosis related to
myelomeningocele, cerebral palsy (CP), muscle diseases,
and spinal cord injury. The rate of infection in spinal surgery
for deformity related to myelomeningocele has been
reported to be from 8% to 24% [14, 16]. The rate of
infection in spinal surgery for deformity related to cerebral
palsy has been reported to be from 6.1% to 8.7% [17–19].
Infection after spinal fusion for scoliosis related to a mus-
cular dystrophy is generally less frequent[20–22].

Factors associated with an increased risk of infection

Although there are studies which have examined deep
wound infection and spine fusion surgery as well as risk
factors for deep wound infection, there are limited studies
evaluating clinical and radiographic factors associated with
this complication. Despite a large number of cases, the SRS
database [2] did not provide documentation of several fac-
tors that may be related to the occurrence of wound infec-
tion, including whether prophylactic antibiotics were
administered, length of operative time, estimated blood loss,
number of surgeons involved in the procedure, length of
hospitalization, or patient comorbidities. In addition, there
was no documentation of causative organisms, how the
infection was managed, or outcomes.

The rate of wound infection after spine surgery is depen-
dent on many factors, including the complexity of the pro-
cedure, health status of the patient, and potentially the
experience and technique of the operating surgeon and
facility related factors.

A recent study assessing complications after spine fusion
reported increased complication among CP patients with
baclofen pump, which was associated with re-operation and
re-hospitalisation [23]. The development of delayed infection
after spine fusion was also associated with multiple factors
including past medical history and blood transfusion [15].
Increased risk of deep wound infection after spine fusion in
CP patients has been observed in a retrospective case–control
study to be related to severe cognitive impairment or mental
retardation and to being an allograft recipient [14, 24].

The presence of metallic instrumentation may predispose
to bacterial migration despite intra-operative antimicrobial
coverage especially in “immunochallenged” patients such as
patients with neuromuscular diseases. Many skin problems
may be encountered in such patients including tape blisters,
superficial suture reactions, skin breakdown from pressure
sores, and prominent hardware [15].

It is immunologically sound to assume that children with
excess body weight may have poor nutritional status, which
may increase their risk of infection, and or poor wound
healing, leading to deep wound infection. Therefore as fatty
tissues provide more electrical resistance than the muscle, if
electrocautery is used during surgery, and with uncoagulated
blood vessels, it may result in haematoma, increasing the risk
of infection in patients with higher mean weight [24–26].

Treatment algorithm

Currently, there is a general agreement that a draining spinal
wound or haematoma necessitates operative irrigation and
debridement. Intravenous or oral antibiotics are tailored to
the results of intra-operative cultures [5, 27, 28].

Conservative management with antibiotic therapy alone is
not attempted at our institution, considering the high risk of
failure, presence of extensive instrumentation, and possible
consequences of delay, including increasing severity of infec-
tion, clinically significant sepsis, and osteomyelitis [5, 29].

Our general algorithm for treatment has been largely
dependent on a variety of factors, including the delay from
the index procedure, the infecting organism, the location
and extent of the infection, the gross appearance of the
fusion mass, and the surgical strategy used to correct the
initial deformity. In our experience, for infections that de-
velop within the first 90 days after the index procedure all
attempts to retain the instrumentation should be made.

Even if the infection cannot be completely cleared unless
the instrumentation is removed, we recommend debridement
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without instrumentation removal in the early infections fol-
lowed by suppressive antibiotics until adequate fusion is
obtained (Fig. 1).

In late infections, the fusion mass must be carefully
inspected before instrumentation removal is considered. If
the infecting organism is S. epidermidis or methicilin-
resistant S. aureus, the possibility of clearing the infection
without removing the implants seems to be less likely [4, 8,
28, 30–32].

Need for implant removal

There is little previously reported data on the progression of
spinal deformity after instrumentation removal for infection.
Our experience with persistent infections has often led to
removal of spinal implants. Very little literature is available
regarding sequelae after implant removal[33–35]. Although
fusion may appear to be solid both radiographically and
intra-operatively, there still may be the possibility of loss
of correction at the last follow-up. Although there are
numerous reports of infection, there is very little literature
available to help guide management of these patients.
Controversies still exist regarding the retention of spinal
implants, wound management, and the need for repeated
irrigation and debridement surgeries [28, 36].

To our knowledge, the only published data are confined
to patients with AIS. Rathjen et al. [33] reported on 43

patients with AIS and instrumentation removal for a variety
of reasons at the Texas Scottish Rite Hospital. In three (7%)
of the 43 patients, the coronal curves progressed 10° or
more. Potter et al. [34] also reported on the magnitude of
coronal curve progression (total progression, 9°) in 21
patients with AIS after infection.

Lastly, despite evidence of adequate fusion, patients with
kyphotic deformity seem to progress more than those with a
purely coronal deformity [33]. Caution should be taken
when deciding to leave a previously instrumented kyphotic
spine uninstrumented. On several occasions after debriding
and removing instrumentation from kyphotic spines or
spines with inadequate fusion masses, we have reinstru-
mented either in the same surgery or after a period of several
weeks of intravenous antibiotics. However, currently, there
are no clear guidelines to address such complex cases.

Neither theses studies nor others clearly define the like-
lihood of a child’s spinal deformity progressing after im-
plant removal, though we suspect it will be very high. A
future long-term follow-up study of the patients in whom
implants were removed is mandatory to clarify the risk of
progressive spinal deformity. In infected total joint replace-
ments in adults, a common treatment strategy is removal of
all implants at time of irrigation and debridement, followed
by replacement of implants at a later date [37]. Perhaps this
approach may be applicable to children with infected spine
implants at risk for progressive deformity after implant
removal.

Fig. 1 General algorithm of
therapeutic strategy after diag-
nosis of postoperative spinal
infection following children and
adolescent deformity corrections
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Outcome

Interpretation of previous studies on outcomes of deep wound
infection after spine surgery is difficult because of the variabi-
lity in definition of infection, outcome instrument used, use of
a control group, and/or sample size, leading to varying
conclusions. Although some authors have stated that outcomes
can be good to excellent with no long-term loss of function [7,
28, 33, 35, 38], Collins et al. reported that only 46% of
patients had stable pain-free spines when managed with
routine removal of implants in established fusions [39].

Especially in neuromuscular patients, deep wound infec-
tion is a severe and common complication of spine fusion
[18, 40]. In children, an aggressive approach to deep wound
infection emphasising early irrigation and debridement
allowed preservation of instrumentation and successful fusion
in most cases. At the end of treatment, patients can expect a
medium-term clinical outcome similar to patients in whom
this complication did not occur [30].

Conclusion

Deep wound infection after instrumented fusion of the
spine remains a difficult and challenging clinical prob-
lem and entails substantial morbidity, cost, and recovery
time for the patient. An aggressive approach to deep wound
infection emphasising early irrigation and debridement
allowed preservation of instrumentation and successful fusion
in most cases. Late infections required treatment with implant
removal and antibiotics but a long-term follow-up study of the
patients in whom implants were removed is mandatory to
clarify the risk of progressive spinal deformity. At the conclu-
sion of treatment, patients can expect a medium-term clinical
outcome similar to patients in whom infectious complication
did not occur. Accurate information about clinical outcome
after infection is useful for patients and surgeons in making
informed choices regarding surgical care.
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