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Background. Deep surgical site infection (DSSI) is one of the most severe complications in spinal surgery. The
timing and nature of DSSI are the determining criteria in the choice of treatment tactics. The uniqueness of the
clinical observation is the combination of early DSSI, epidural abscess and angular kyphotic deformity formed
after a course of conservative antibacterial therapy in a patient who underwent surgery for degenerative-
dystrophic disease of the cervical spine. Correction of angular kyphosis, removal of fractured vertebrae, interbody
implants and three-column cervical reconstruction were performed in one surgical session.

Case presentation. A 57-year-old patient was admitted to the clinic after staged surgical interventions on the
cervical spine for multilevel degenerative stenosis of the spinal canal. The primary surgical interventions were
complicated by DSSI in the early period after the second surgery with formation of angular kyphosis of the
cervical spine. The patient underwent revision one-stage reconstructive intervention to correct the deformity,
decompress the spinal canal, and three-column reconstruction of C3-7 segments. Long-term follow-up showed
persistent reduction of pain syndrome, improved quality of life and absence of recurrence of DSSI.

Conclusion. The presented case illustrates the possibilities of one-stage revision three-column cervical spine
reconstruction for correction of sagittal profile, decompression of intracanal neural structures and ensuring
stability of operated segments. Use of DSSI treatment algorithms based on V. Prinz and P. Vajkoczy classification
contributes to the selection of the optimal tactics of patient management.
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AxmyansHocms. I'my6okass MHGEKUMsT 06acTu Xupypruueckoro BmematenbctBa (MOXB) sBiseTcs OgHUM
13 HauboJee TSKETbIX OCIOKHEHUI B XUPYPIUM TTO3BOHOUHMKA. [Tpy 3TOM cpoK pa3Butus u xapakrep MOXB
— ompeensionie KpUTepun Mpu BbIOOPe TAKTUKM JiedeHUsI. YHUKAIbHOCTb KIMHUYECKOTO HAOGMI0neHns 3a-
KJII0UaeTcsl B COUeTaHUM paHHeil rimyookoit MOXB, snumypanbHOro abciecca M yriioBoil KM(OTUUECKON me-
dbopmanyu, chopMupoBaBIIeiics MOC/Ie TPOBEIeHNST Kypca KOHCEPBATUBHONM aHTUOAKTEePUATbHONM Tepanum y
MalnyeHTa, OIepMPOBAHHOTO IT0 ITOBOAY AereHepaTUBHO-IUCTPOGMUECKOTO 3a60IeBaHMS 1I€ITHOTO OTAea IT0-
3BOHOUHMKA. Koppekuus yrimoBoro Kudosa, yaaneHne paspylieHHbIX [T03BOHKOB, MEKTEIOBBIX MMIIAHTATOB U
TPEXKOJIOHHAs PEKOHCTPYKIMS LIeTHOTO OTAe/a BbITTOMIHEHBI B OOHY XMPYPIUUECKYIO CECCHUI0.

Onucanue cnyuas. TlauyeHT 57 1eT rocnUTaAU3UPOBAH B KIMHUKY IOC/IE STAITHBIX XUPYPIrUIeCKUX BMella-
TeJIbCTB Ha IIEHOM OTHeJie MMO3BOHOYHMKA MO MOBOAY MHOTOYPOBHEBOIO JereHepaTMBHOIO CTeHO3a Io-
3BOHOYHOTIO KaHasia. [lepBUUHBIE XUPYPrUUYECKe BMENIaTeIbCTBA OCIOKHMINCH ITy6okoit MOXB B paHHeM
repuojie ocjae BTOPOI orepaiuy ¢ GoOpMUPOBaHMEM YITIOBOTO Ku1do3a MEHHOTO OThesa MO3BOHOYHMKA.
[TauneHTy NPOBeIEHO PeBU3MOHHOE OLHOMOMEHTHOE PEKOHCTPYKTMBHOE BMeIlaTelbCTBO, HAMPaBleHHOE
Ha KOppeKuuio aedopMmainuy, JeKOMIIPECCHI0 TT03BOHOUHOTO KaHajla M TPEXKOJOHHYIO PEKOHCTPYKIIMIO Cer-
MeHTOB C3-7. B oTHaJleHHOM ITepuoie OTMEUEHO CTOKOe CHIMKeHMe 60JIeBOT0 CMHAPOMa, YIYUIIeH e Kade-
CTBA XXU3HU U OTCYyTCTBUE peunaua MOXB.

3axnatouenue. TIpenCcTaB/eHHBbIN KIMHUYECKUIT CIydail MIIOCTPUPYET BO3MOXHOCTM OSHOMOMEHTHONM pe-
BU3MOHHOI TPEXKOJIOHHO} PEKOHCTPYKUMM IIeAHOTO OTHea MO3BOHOYHMKA JJIs1 KOPPeKUMUM CaTUTTaaIbHOTO
npodusl, TeKOMITPEeCCUY MHTPAKaHATbHBIX HEBPAIbHBIX CTPYKTYpP UM ObecreueHus] CTabMIbHOCTU OTEePUPY-
€MbIX CETMEeHTOB. VcIonb30BaHye aaropuTmoB jedeHus MOXB, ocHOBaHHBIX Ha Kiaccubukamuu V. Prinz u
P. Vajkoczy cioco6¢TBYeT BBIOOPY ONTUMAIbHOM TaKTUKY BeIEHMS MTal[ieHTOB.

KiroueBbie cioBa: MHGbEKIMS 06/1aCTH XUPYPTUUECKOTO BMEIIaTebCTBa, IeHHbIA OTIe/ MTO3BOHOUYHMKA, KI-
(03, peBU3MOHHAS OTIepalusl.
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BACKGROUND

Angular kyphotic deformity is one of the most se-
vere cervical spine pathologies leading to the de-
velopment of vertebrogenic pain syndrome, my-
elo- and radiculopathy, impaired global sagittal
balance and decreased quality of life of patients
[1, 2, 3]. The etiology of angular kyphosis of the
cervical spine is multipotent [4, 5, 6]. Among the
leading factors are postlaminectomy syndrome,
rheumatologic diseases (ankylosing spondyloar-
thritis, Bechterew's disease) and infectious pro-
cesses (spondylitis, surgical site infection (SSI))
7,8, 9].

The incidence of cervical kyphosis after mul-
tilevel laminectomy without posterior hard-
ware fixation reaches 15-24% in adults and
37-100% in children [10, 11, 12, 13]. Performing
fixation, laminoplasty, minimally invasive ven-
tral (Jho's surgery) and dorsal (foraminotomy)
decompression interventions reduces the risks
of kyphosis development in the postoperative
period [14, 15, 16].

Ankylosing spondyloarthritis manifested by
thoracic hyperkyphosis and lumbar hypolordosis
leads to chin-on-chest deformity and changes in
the gaze angle requiring SRS-Schwab (2014) type
3 out-of-apical vertebrotomies to correct the sag-
ittal balance [17, 18, 19, 20].

Despite the existing array of data reflecting
the features of clinical characteristics, diagnos-
tics and surgical treatment of cervical kyphotic
deformity associated with postlaminectomy syn-
drome and Bechterew's disease, the information
on angular kyphoses with infectious processes is
extremely limited and represented by rare publi-
cations [21, 22, 23].

Aim of the study. To present the results of si-
multaneous revision three-column cervical spine
reconstruction in a patient with deep early sur-
gical site infection complicated by the develop-
ment of angular kyphotic deformity.

Clinical case

A 57 vyear old patient was admitted to
the Department of Spine Surgery No. 6
of Saint Petersburg Research Institute of
Phthisiopulmonology of the Ministry of
Healthcare of Russia in January 2022. On admis-
sion he complained of chronic vertebrogenic pain
syndrome in the cervical spine with intensity of
up to 7 points according to the visual analogue
scale (VAS), numbness of the fingers IV-V of the
left hand and muscle weakness in the hands.

The patient was known to have a history of
vertebrogenic cervical pain syndrome with ir-
radiation to the left shoulder joint area since
September 2020. He underwent staged courses of
conservative analgetic (NSAIDs) and neurotropic
therapy without any stable therapeutic effect.
ENMG of the upper extremities (March 2021)
showed the presence of preganglionic lesions of
the C6-C8 spinal cord roots. MRI of the cervical
spine in March 2021 revealed polysegmental de-
generative-dystrophic changes in the C3-C7 spi-
nal motion segments, stenosis of the spinal canal
with the development of discoradicular conflict
(Fig. 1).

Considering the clinical picture and radiologi-
cal findings, the patient underwent surgery in
May 2021: anterior cervical discectomy, decom-
pression of the spinal canal and interbody fusion
at the C5-C6, C6-C7 levels (Fig. 2). Postoperative
period was uneventful, and the radicular pain
syndrome was partially resolved (intensity was
up to 5 points according to VAS).

Fig. 1. MRI (a — T2 images; b — STIR images): C3-C7
polysegmental degenerative changes, spinal canal stenosis, C6—C7
end plates oedema type I Modic, polysegmental myelopathy C4-C7
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Fig. 2. MRI (a — T2 images; b — STIR images) and
CT (c) after the first operation: two interbody
implants (PEEK cages) are identified

at the C5-C6, C6-C7, C4—-C6 ossification of the
posterior longitudinal ligament (segmental type
according to the Committee on the Ossification
of the Spinal Ligaments)

Six months after the initial surgery, the pa-
tient returned due to the persistence of clinical
complaints. Clinical and instrumental examina-
tion was performed. The decision was made to
perform a staged surgery consisting of anterior
cervical discectomy, decompression of the spinal
canal and spondylodesis of the C4-C5 segment.

Early postoperative period was complicated by
the development of deep SSI, for which empiric
antibacterial treatment (parenteral injection of
vancomycin 1.0 twice a day for 3 weeks) was ad-
ministered. Revision surgeries (necrectomy, ab-
scessotomy, removal of interbody cages) were not
performed. Cervical spine MRI in the setting of
deep SSI (16 days after anterior cervical discectomy
and C4-C5 spondylodesis) showed the presence of
an epidural abscess and focal myelopathy at the
C2-C3 level, a prevertebral abscess at the C2-Cé6
level and spondylitis at the C3-C5 level (Fig. 3).

Over time, the antibacterial treatment result-
ed in stabilization of the general condition and
laboratory parameters. However, the intensity of
vertebrogenic and radicular pain syndrome in-
creased up to 8 points.

At the time of admission to the St. Petersburg
Research Institute of Phthisiopulmonology, the
patient complained of cervical spine pain with ir-
radiation to the upper extremities with an inten-
sity of up to 7 points according to VAS. The de-
crease in quality of life assessed by the Oswestry
Disability Index (ODI) and Neck Disability Index
(NDI) was 47% and 62%, respectively (severe).
Neurological status corresponded to Frankel type D
(spinal cord lesions in C5-T1 segments with sen-
sory disorders).

Radiological examination revealed an angular
kyphotic deformity of the cervical spine of 48°
according to Cobb, cSVA 12 mm, T1S 30° (Fig. 4).

The patient's general medical condition was
moderately severe. Given the presence of chronic
vertebrogenic pain syndrome, neurological defi-
cits and angular kyphotic deformity of the cervi-
cal spine, the indications for surgical interven-
tion were determined.

At the first stage, bone structures at the lev-
el of C3-C7 were exposed using the right-sided
anterior cervical approach according to
R.B. Cloward [24]. Significant scarring-adhesive
changes of the glossopharyngeal space, intimate
contact of the posterior wall of the esophagus
with scar tissues at the level of C6-C7 were ob-
served. At the stage of mobilization of the anteri-
or column of the spine, a nasogastric tube was in-
serted in order to prevent esophageal perforation.
Corpectomy of the C4-C6 bodies and decompres-
sion of the spinal canal at the corresponding le-
vel were performed using a high-speed bone drill,
Kerrison rongeurs and microsurgical dissectors.

Fig. 3. MRI after the second operation:

a — STIR images; b — T2 images: prevertebral, epidural
abscesses, C3—C5 spondylitis, focal myelopathy

at C2-C3
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Correction of kyphotic deformity after corpec-
tomy was not performed due to the inability to
install the Caspar pin distractor (the length of
the C3-C7 postresection diastasis was 6 cm) and
due to the bilateral synostosis of the C3-C4 facet
joints. The anterior cervical approach was closed
with retention sutures.

The second stage included type 1 bilateral fac-
etectomy C3-C4 according to SRS-Schwab (2014),
posterior transpedicular fixation of C2-C3, T1-T2
using the free-hands technique and posterior
spondylodesis at the C2-T2 level with autograft
fragments.

At the third stage, instrumental distraction
of the anterior column of the spine and installa-
tion of a titanium mesh cage filled with autolo-
gous bone, taken from the anterior iliac spine,
were performed. The wounds were drained and
sutured. Surgery duration was 10 hours; the vol-
ume of surgical blood loss was 850 ml (13.5% of
the total blood volume).

Fig. 4. X-ray (a), CT (b) and MRI (c)
at the time of hospital admission:
angular kyphosis 48° Cobb,
destruction of C3-C5, myelopathy
at C2-C3, no signs of active
inflammatory process (abscesses)

X-rays of the cervical spine at the time of dis-
charge from the hospital and CT scans 10 months
after the surgery are presented in Figure 5.

Postoperative period was uneventful, wounds
healed by primary intention. Drains were re-
moved on the 2nd day, patient was verticalized
in a cervical brace on the 3" day after the surgery.
The intensity of vertebrogenic pain syndrome
10 months later was 2 points according to VAS,
radicular pain syndrome in the upper extremities
subsided, ODI - 15%, NDI - 14%. The value of
correction of kyphotic deformity of the cervical
spine was 46° according to Cobb.

Bacteriological examination of the surgical ma-
terial showed no microbial growth. The results of
histological examination indicated the presence of
dystrophic changes in the bone tissue with irregu-
larly pronounced lymphoplasmacytic infiltration.
The diagnosis was a moderate chronic nonspecific
inflammation. In the postoperative period the pa-
tient underwent a course of oral antibacterial ther-
apy: amoxicillin + clavulanic acid for 6 weeks.

Fig. 5 (a, b, c). Sagittal (a) and frontal (b) X-rays, sagittal CT (c) 10 months after surgery: posterior
transpedicular screw fixation correct position, solid anterior fusion C3—C7 formation detected
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A

Fig. 5 (d). Axial (d) CT: posterior transpedicular screw fication correct position, solid anterior fusion

C3-C7 formation detected

DISCUSSION

The incidence of SSI in vertebrology ranges from
2.1% to 16.3%, whereas the deep periimplant in-
fection as an independent nosological entity of
infectious complications is registered with the
incidence of up to 20% in the general structure of
SSI [8, 25]. According to V. Prinz and P. Vajkoczy
temporal periodization, SSI is commonly distin-
guished in early (up to 6 weeks after the surgery),
delayed (>6 weeks) and late (>12 months) [26].

It is the duration of SSI development that is
one of the key criteria for the choice of further
treatment tactics. In case of early SSI, it is pos-
sible to retain implants, while delayed and late
SSI require either one-stage replacement of fixa-
tion elements in combination with antibacterial
therapy for at least 6 weeks, or staged tactics with
primary implant removal, antibacterial therapy
and subsequent restabilization [27].

The Russian-language version of the modified
V. Prinz and P. Vajkoczy classification is present-
ed in Table 1.

Systematic literature review published by
a multicenter team of authors demonstrates a
number of significant trends in the studied field:
1) shift in the microbiological spectrum of SSI
pathogens towards resistant forms (MRSA culti-
vation rate — 35-71%, MRSE - 43%); 2) possibil-
ity of hardware retention in case of superficial
SSI development both in the delayed and late
postoperative periods; 3) necessity of hardware
removal or one-stage replacement in the over-
whelming majority of cases of deep SSI regard-
less of development terms [27].

Considering the presented clinical case, it
should be noted that the development of deep

SSIin the early postoperative period required the
removal of interbody implants with one-stage
posterior hardware fixation to provide cervi-
cal spine stability. In turns, the optimal volume
of bacteriological examination to verify the SSI
pathogen includes inoculation of the wound exu-
date for nonspecific flora and sonication of the
implant surfaces with an ultrasound destructor
with the following cultivation of material for an-
aerobic low pathogenic flora (culture medium —
blood agar). Duration of etiotropic antibacterial
therapy is at least 6 weeks, 2 weeks of them are
with parenteral administration.

It is also necessary to study the tactics of pri-
mary surgical intervention when the surgeons
preferred the ACDF (anterior cervical discecto-
my and fusion) technique. One of the algorith-
mic tools for selecting surgical approach in case
of degenerative pathology of the cervical spine
is the K-line parameter originally suggested by
T. Fujiyoshi et al. for patients with posterior lon-
gitudinal ligament ossification [28].

In our opinion, one of the obligatory compo-
nents of preoperative radiological examination
of patients with degenerative pathology of the
cervical spine, along with MRI, are functional
X-rays in the sagittal plane and CT scans. Thus,
the results of CT scans after the primary sur-
gery indicated the presence of a segmental type
of longitudinal ligament ossification in the pa-
tient (see Fig. 2). At the same time, the functional
X-rays in the sagittal plane at the preoperative
stage could indicate the K-line (+) sagittal pro-
file of the patient and shift the surgical tactics
towards dorsal decompression (laminoplasty or
laminectomy with hardware fixation of C4-C7).
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Table 1
Russian-language version of V. Prinz and P. Vajkoczy classification
Parameter Early SSI Delayed and late SSI
Term < 6 weeks Delayed: > 6 weeks

Clinical symptoms "Acute” local and systemic

local pain, fever)

Microbiological
spectrum of pathogens

Pseudomonas aeruginosa)
Biofilms Immature

Surgical tactics
of hardware

Parenteral administration —
2 weeks, then per os 4-10 weeks

Antibacterial therapy

manifestations (fistula formation,

Highly pathogenic microorganisms
(Staphylococcus aureus, streptococcus
spp., Gram-negative: E. coli, Klebsiella,

Necrectomy (debridement), retention

Late: > 12 months

"Chronic” manifestations
(periimplant development of resorption, instability
of implant)

Low pathogenic and resistant microorganisms
(coagulase-negative staphylococci: MRSE, MRSA,
anaerobic bacteria: Propionibacterium acnes)

Mature

Removal/replacement of hardware (in the absence
of spondylodesis), sonication of the removed
implants with subsequent bacteriological tests,
including for low pathogenic flora (culture medium
- blood agar)

Parenteral administration —
2 weeks, then per os 4-10 weeks

CONCLUSION

Presented clinical case illustrates the poten-
tial of one-stage revision three-column cervical
spine reconstruction for correction of the sagit-
tal profile, decompression of intracanal neural
structures and providing stability of the operated
segments. Development of early deep SSI as the
main cause of angular kyphotic deformity in this
patient required revision surgery with interbody
implants removal as soon as possible after the
onset. At the same time, the use of tactical algo-
rithms for the SSI treatment promotes the selec-
tion of optimal patient management tactics both
at the stage of revision surgery and at the stage of
subsequent antibiotic therapy.
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