DIGEST OF SPINE SURGERY JOURNAL ‘ 2015.N 4. C. 1-6

© D.N. DOLOTIN ET AL., 2015

)

PURULENT COMPLICATIONS IN SPINE SURGERY
WITH METAL IMPLANTS: LITERATURE REVIEW*

D.N. Dolotin, M.V. Mikhailovsky, V.A. Suzdalov
Ya.L. Tsivyan Novosibirsk Research Institute of Traumatology and Orthopedics, Novosibirsk, Russia.

Currently, the use of implants has become an integral part of surgery for various pathologies of the spine. The incidence of

infection after spinal instrumentation varies from 0.7 to 20.0 %. The development of this complication may adversely affect

the remote results and increase the cost of treatment. The paper presents a review of the literature devoted to surgical site

infection after spine surgery with metal implants and related to the factors influencing emergence and progression of the

infection, its diagnosis and treatment.
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Before the mid-19th century, surgical
patients commonly developed postop-
erative “irritative fever” followed by puru-
lent drainage from their incisions, over-
whelming sepsis, and often death. It was
not until the late 1860s, after Joseph List-
er introduced the principles of antisepsis
that postoperative infectious morbidity
decreased substantially. Lister’s work radi-
cally changed surgery from an activity
associated with infection and death to a
discipline that could eliminate suffering
and prolong life.

Infectious complications have
extremely negative effect on outcomes of
surgical correction of idiopathic scoliosis
often leading to the need of implant
removal and consequently to loss of
achieved correction of instrumented
spine. Early-onset and late-onset surgical
site infection (SSI) rates following spinal
instrumentation for idiopathic scoliosis
vary from 1.4 to 6.9 % [8, 53, 54].

We present the literature review
of surgical site infections after spinal
instrumentation, as the number of papers
devoted to SSI in idiopathic scoliosis
correction is small.

The incidence of SSI after spinal
instrumentation varies from 0.7 to 20.0
% [7,9-12,16-19, 29, 34, 39, 47, 50, 56,
57,60, 62,71, 84, 88].

Emergence of SSI results in increased
hospital stay and health care costs.

Advances in infection control
practices include improved operating
room ventilation, sterilization methods,
barriers, surgical technique, and
availability of antimicrobial prophylaxis.
Despite these activities, SSI remains a
substantial cause of morbidity among
hospitalized patients [1].

Definitions

The «Guideline for Prevention of Surgical
Site Infection» is the fundamental docu-
ment in the United States that presents
the Centers for Disease Control and Pre-
vention’s recommendations for the pre-
vention of surgical site infections [1, 54].
Criteria for defining a surgical site infec-
tion include the following.

Superficial incisional SSI

Infection occurs within 30 days
after the operation. Infection involves
only skin or subcutaneous tissue of the
incision and the patient has at least one
of the following:

1) purulent drainage, with or without
laboratory confirmation, from the
superficial incision;

2) organisms isolated from an
aseptically obtained culture of fluid or
tissue from the superficial incision;

3) at least one of the following
signs or symptoms of infection: pain or
tenderness, localized edema, redness,
or heat and superficial incision is

1

deliberately opened by surgeon, unless
incision is culture-negative;

4) diagnosis of superficial incisional
SSI by the surgeon or attending physician.

Deep incisional SSI

Infection occurs within 30 days after
the operation and infection involves
deep soft tissues (for example, fascial and
muscle layers) of the incision and the
patient has at least one of the following:

1) purulent drainage from the deep
incision,

2) a deep incision spontaneously
dehisces or is deliberately opened by a
surgeon when the patient has at least one
of the following signs or symptoms: fever
(>38 C), localized pain, or tenderness,
unless site is culture-negative;

3) an abscess or other evidence of
infection involving the deep incision
is found on direct examination, during
reoperation, or by histopathologic or
radiologic examination;

4) diagnosis of a deep incisional SSI by
a surgeon or attending physician.

Factors influencing the emergence and
development of S5Is

Based on the Russian National
Guidelines [2], the risk factors for SSI
include five main categories (groups):
the patient’s characteristics, preoperative,
intraoperative and postoperative
characteristics, and operating room
environment.
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The patient’s characteristics include
the underlying disease (greater severity
of the patient’s clinical condition
is associated with more significant
development of infection), comorbid
disease or conditions which reduce
tolerance to infection and/or delay
wound healing (diabetes mellitus,
multiple trauma, obesity, cachexia,
skin diseases, especially infectious
skin diseases, immunosuppression,
malignancies), and extremes of age
(infants, elderly).

Preoperative factors include
prolonged preoperative hospital stay,
which is frequently suggested as a patient
characteristic associated with increased
SSI risk caused by multi-resistant
nosocomial flora. Other risk preoperative
factors include preoperative shaving,
inadequate antibiotic prophylaxis, and
inadequate preoperative preparation of
skin at the incision site with antiseptic
agents.

Operative characteristics include the
degree of cleanliness (intraoperative
microbial contamination) of the
incision site (risk of SSI in the clean
procedures is lower than at clean-
contaminated, contaminated or dirty-
infected operations); excellent surgical
technique that includes adherence to the
principles of aseptics and the condition
of the incision up to the completion of
the operation; duration of the operation,
which depends on many factors,
including the skills of the surgeon, the
complexity of the operation, maintaining
effective hemostasis, degree of traumatic
tissue dissection, condition of the
incision site after the operation (poor
vascularization, hematomas, removing
necrotic or devitalized tissues or foreign
bodies); any foreign body, for example,
use of drains, may promote migration
of microorganisms from the skin at the
surgical site; excessive diathermy.

Factors of operating room
environment include overcrowding and
a large number of observers (students) in
the operating room, methicillin-resistant
S. aureus (MRSA) nasopharyngeal
carriage by operating room personnel,
non-minimized personnel traffic,
inadequate surgical suits and attire, poor

ventilation in the operating room, open
containers with disinfectants, inadequate
sterilization of surgical instruments
and surgical materials, disinfection of
equipment and environmental surfaces
and other items, and violation of the
aseptics during the operation.

Postoperative factors are post-
operative incision care procedures, as
well as arrangement and technique of
dressings, adherence to aseptics during
dressings of the surgical sites, disinfection
of equipment and other items in the
dressing room, inadequate suits and
attire of the personnel, the order of the
dressings in the same room, colonized
personnel with MRSA strains.

Since the hands of the members of
the surgical team is the main route of SSI
causative agents transmission, inadequate
preoperative hand/forearm antisepsis
and improper wearing of gloves are
leading factors for SSIs.

Epstein [20] believes that the use of
posterior approach, use of allografts,
the duration of the operation of more
than 5 hours, and blood transfusions
increase the risk of infection. The use of
intraoperative instruments (for example,
surgical microscopes, radiographic
examination, intraoperative computed
tomography imaging) also increases the
risk of SSI. Additional strict adherence
to proper postoperative wound care is
also important in minimizing the risk of
postoperative wound infections.

Closed wound suction drainage
is believed to reduce the risk of SSI as
even small postoperative hematomas
may provide a medium for bacterial
overgrowth. Nevertheless, the use of post-
operative wound drains unevenly reduces
the incidence of early postoperative
infections. It is found that failure of
prevention of postoperative hematomas
correlated with a significantly higher risk
of SSI[12, 13,42, 48, 61].

Resistance to infection may depend
on the type of implant, which influences
the susceptibility to bacterial biofilm
development [5, 74, 83, 86]. There is
the possibility of bacterial adhesion
to biomaterial with the formation
of a biofilm. A biofilm is a structured
consortium of bacteria embedded in
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a self-produced matrix [36-38]. The
microorganisms in a biofilm are strongly
attached to a surface or to each other.
The cells within these communities
are protected from antibiotics and
the host defense (phagocytic, cellular
and humoral immune responses) [20,
22]. Furthermore, the bacteria within
the biofilm often exhibit an altered
phenotype in terms of growth rate and
gene transcription which may affect the
diagnosis and treatment tactics [22-34,
30, 38,43).

Preoperative time of antibiotics
administration strongly correlates
with an increased risk of postoperative
infection. Most surgeons consider it
appropriate to deliver preoperative
prophylactic antibiotics within one
hour before surgery, but some argue
that antibiotic prophylactic therapy 15
minutes before the incision can be even
more effective [9, 11].

Vitale et al. [81] developed 14 SSI
prevention strategies during spinal
surgery in pediatric patients:

1) patients should have a
chlorhexidine skin wash the night before
surgery;

2) patients should have preoperative
urine cultures obtained;

3) patients should receive a
preoperative patient sanitation education
sheet;

4) patients should have a preoperative
nutritional assessment;

5) if removing hair, clipping is
preferred to shaving;

0) patients should receive
perioperative intravenous cefazolin,

7) patients should receive
perioperative intravenous prophylaxis
for gram-negative bacilli;

8) adherence to perioperative
antimicrobial regimens should be
monitored;

9) operating room access should be
limited;

10) UV lights need not be used in the
operating roomy;

11) patients should have
intraoperative wound irrigation;

12) vancomycin powder should be
used in the bone graft and/or the surgical
site;
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13) impervious dressings are preferred
postoperatively,

14) postoperative dressing changes
should be minimized before discharge to
the extent possible.

Treatment

There is a variety of mays of operative
therapy of postoperative infection with
no consensus on which to use: only irti-
gation and/or debridement, vacuum-
assisted wound closure, continuous irri-
gation, antibiotic impregnated beads,
if revising of the instrumentation (for
example, for the instrumentation insta-
bility) or implant removal/retention are
necessary, which antibiotic to use in the
treatment protocol [6, 35,49, 55, 70, 76].
Due to the concern for the pathogenetic
role of biofilms on implants, many medi-
cal specialists recommend removal of the
implanted spinal instrumentation [3, 4,
08]. This provides successful eradication
of infection because the bacterial bio-
film is removed. Nevertheless, this deci-
sion must be weighed with risks of losing
deformity correction and spine stability.
Biofilms are the key factor in deciding
whether or not to remove the spinal
instrumentation. Laboratory studies have
documented that biofilms can develop
within 5-6 hours after bacterial contami-
nation, and the age of a biofilm is associ-
ated with the stability of the biofilm and
greater resistance to antibiotics result-
ing in serious clinical consequences [23].
Early surgical intervention for acute SSI
with wound irrigation and/or debride-
ment can easily disrupt biofilm formation
and facilitate the penetration of systemic
antimicrobial agents for the resolution of
infection, while preserving instrumenta-
tion/stability. This concept is support-
ed by clinical experience, which dem-
onstrates that appropriate treatment of
early postoperative infections leads to a
higher level of infection resolution, reten-
tion of implant and better clinical out-
comes [4, 27, 35, 58, 66, 72].

In contrast to early-onset infections,
late-onset wound infections often require
implant removal or replacement [7, 14,
49,67, 69,77, 85].

Ho et al. [41] reported that there is
a nearly 50 % chance that the infection
will remain if all spinal implants are not
removed. They found that patients at time
of the first irrigation and debridement
with implant retained required a second
irrigation and debridement procedure.

Some authors advocate prophylactic
removal of spinal instrumentation for
minimization of infection recurrence
(19, 59]. Implant removal is associated
with better clearing of the surgical site
and, thus, reduces the risk of infection
relapse [18, 40, 49, 59]. Concerns about
loss of spinal correction at late infections
are less significant than in early post-
operative infections, as spine fusion
has already been formed in most cases,
or at least, tough fibrous joining has
developed. Nevertheless, one cannot
exclude that radiographic data after
removal of spinal instrumentation
may indicate pseudarthrosis or loss of
correction. As a consequence, these
patients require careful monitoring [21,
40, 59, 64].

Debridement and irrigation
procedures enabled early postoperative
infection care after spinal
instrumentation [4, 27, 63]. Serial
debridements may be required for
successful eradication of infection. Poorly
vascularized tissues or complex spine
wound defects require the use of flaps
(25, 82]. In addition to debridement and
postoperative antibiotic therapy, wound
infections may be treated using suction/
irrigation systems, antimicrobial beads or
VAC-devices (vacuum-assisted closure).
The VAC technique is a negative-pressure
wound therapy, which may improve
treatment results of infection following
spinal instrumentation in some patients.
VAC-systems may prevent multiple
surgery for closure of the wound.
Excellent results have been obtained
when using these devices as reflected in
many references [35, 45, 52, 70, 75, 78,
87].

The VAC system is a useful adjunct,
which promotes wound healing and
eliminates complex postoperative
bacterial infections of the spine [14, 15,
44, 46, 51, 55, 77, 79, 80, 89, 90]. This
new technique involves the controlled
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application of subatmospheric pressure
to the local wound environment to draw
out fluid from the wound and remove
edema, leading to increased localized
blood flow. The technique reduces the
level of microbial contamination of
wounds and the applied forces result in
the enhanced formation of granulation
tissue [0, 79).

Glassman et al. [35] have described the
successful treatment of surgical wound
infection after instrumented lumbar
fusions using antibiotic impregnated
beads and irrigation procedures. The
treatment by this technique takes from
5 days to 2 weeks.

The duration of antibiotic treatment
is another aspect of postoperative
infection after spinal instrumentation
to be resolved. It is based on optimal
antimicrobial agent selection from
bacteria culture data and sensitivity of
the bacteria to antibiotics. Although
6-8 weeks of antibiotic administration
is recommended, there is no consensus
on requirement and duration of oral
antimicrobial suppression therapy [65,
73].

Conclusion

Spine surgery has been developing rap-
idly in recent decades that resulted in
an increase in the number of surgi-
cal interventions using metal implants
and advanced constructions of metal
implants. The Russian specialists have
started to perform spinal instrumenta-
tion using metal implants, though with
some delay, but their involvement has
increased substantially.

Purulent complications in vertebral
surgery, despite the significant advances
in their prophylaxis, still develop being an
urgent medical concern. The increase in
the number of the operations inevitably
leads to an increase in the absolute
number of cases of SSL This issue has
been addressed in many papers which
are primarily aimed at identification of
significant risk factors for complications.
In our country, related studies have not
been performed based on the literature.
Based on extensive clinical material,
we would like to fill this gap and offer
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the first review in the Russian literature
of the purulent complications in spine
surgery to our colleagues.

We believe that consistency in
the diagnosis and treatment of the
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