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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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Ревизионная реконструкция шейного отдела позвоночника  
у пациента с ранней глубокой инфекцией области хирургического 
вмешательства, осложненной угловым кифозом:  
клинический случай и краткий обзор литературы
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Актуальность. Глубокая инфекция области хирургического вмешательства (ИОХВ) является одним 
из наиболее тяжелых осложнений в хирургии позвоночника. При этом срок развития и характер ИОХВ 
— определяющие критерии при выборе тактики лечения. Уникальность клинического наблюдения за-
ключается в сочетании ранней глубокой ИОХВ, эпидурального абсцесса и угловой кифотической де-
формации, сформировавшейся после проведения курса консервативной антибактериальной терапии у 
пациента, оперированного по поводу дегенеративно-дистрофического заболевания шейного отдела по-
звоночника. Коррекция углового кифоза, удаление разрушенных позвонков, межтеловых имплантатов и 
трехколонная реконструкция шейного отдела выполнены в одну хирургическую сессию. 
Описание случая. Пациент 57 лет госпитализирован в клинику после этапных хирургических вмеша-
тельств на шейном отделе позвоночника по поводу многоуровневого дегенеративного стеноза по-
звоночного канала. Первичные хирургические вмешательства осложнились глубокой ИОХВ в раннем 
периоде после второй операции с формированием углового кифоза шейного отдела позвоночника. 
Пациенту проведено ревизионное одномоментное реконструктивное вмешательство, направленное 
на коррекцию деформации, декомпрессию позвоночного канала и трехколонную реконструкцию сег-
ментов C3–7. В отдаленном периоде отмечено стойкое снижение болевого синдрома, улучшение каче-
ства жизни и отсутствие рецидива ИОХВ. 
Заключение. Представленный клинический случай иллюстрирует возможности одномоментной ре-
визионной трехколонной реконструкции шейного отдела позвоночника для коррекции сагиттального 
профиля, декомпрессии интраканальных невральных структур и обеспечения стабильности опериру-
емых сегментов. Использование алгоритмов лечения ИОХВ, основанных на классификации V. Prinz и  
P. Vajkoczy способствует выбору оптимальной тактики ведения пациентов. 

Ключевые слова: инфекция области хирургического вмешательства, шейный отдел позвоночника, ки-
фоз, ревизионная операция. 
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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 year 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).

а b

Fig. 1. MRI (a — T2 images; b — STIR images): C3–С7 
polysegmental degenerative changes, spinal canal stenosis, C6–С7 
end plates oedema type I Modic, polysegmental myelopathy C4–С7
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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-C6 
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. 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–С6, C6–С7, C4–С6 ossification of the 
posterior longitudinal ligament (segmental type 
according to the Committee on the Ossification  
of the Spinal Ligaments)

а b с

Fig. 3. MRI after the second operation:  
a — STIR images; b — T2 images: prevertebral, epidural 
abscesses, C3–С5 spondylitis, focal myelopathy  
at C2–С3а b
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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).

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 3rd 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.

а b с

Fig. 4. X–ray (a), CT (b) and MRI (c) 
at the time of hospital admission: 
angular kyphosis 48° Cobb, 
destruction of C3–С5, myelopathy 
at C2–С3, no signs of active 
inflammatory process (abscesses)

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

а b с
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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 

SSI in 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).

d

Fig. 5 (d). Axial (d) CT: posterior transpedicular screw fication correct position, solid anterior fusion  
C3–C7 formation detected
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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
Late: > 12 months

Clinical symptoms "Acute" local and systemic 
manifestations (fistula formation,  
local pain, fever)

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

Microbiological 
spectrum of pathogens

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

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

Biofilms Immature Mature

Surgical tactics Necrectomy (debridement), retention 
of hardware
 

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)

Antibacterial therapy Parenteral administration —  
2 weeks, then per os 4–10 weeks

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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