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Purpose To conduct a systematic review of literature on the results of simultaneous surgical interventions (SSI) in spinal 
surgery to determine their value in the treatment of degenerative diseases, traumatic injuries, destructive changes due to 
tuberculous spondylitis, correction of congenital anomalies and tumor lesions Material and methods A systematic search 
of literature in English and Russian published between January 1960 and December 2018 was conducted using the Medline, 
EMBASE, Cochrane Library and eLibrary databases. Results The systematic review included 20 studies on the use of 
simultaneous technology in the surgical treatment of degenerative diseases and injuries of the spine, tuberculous spondylitis, 
as well as rare combined pathologies. It has been established that SSIs used in combination with high-tech tools and 
minimally invasive surgical techniques are able to eliminate several diseases simultaneously, to preserve low invasiveness 
of the approach, to activate patients early and to reduce the number of complications. Conclusion There is a need to develop 
specialized criteria and an objective classification of SSI, as well as to study the effectiveness of various options for such 
interventions based on the parameters of the duration of surgery, volume of blood loss, duration of intraoperative exposure 
to radiation, duration of inpatient treatment and economic costs.
Keywords: degenerative and inflammatory diseases of the spine, traumatic spinal injuries, spine surgery, minimally 
invasive technologies, simultaneous surgical interventions

INTRODUCTION

Additional requirements are imposed on surgical 
interventions at the current stage of spinal surgery 
such as decrease in the intervention time and 
blood loss, enhancement of economic efficiency in 
comparison with traditional methods of treatment [1, 
2]. Various systems of retractors, specific to a certain 
anatomical corridor, various methods of low-impact 
decompression and stabilization, navigation systems 
and robotics have been used for this purpose [3, 4].

Despite a significant arsenal of high-tech 
instrumentation and equipment, there is still a need to 
improve the results of spinal surgical interventions, 
since the patient's relatively non-physiological position 
on the operating table, prolonged administration of 
anesthetic drugs, and exposure to radiation during 
neurosurgical stages are the risk factors of adverse 

clinical outcomes in the peri-operative period [5, 6].
The technology of simultaneous surgical 

interventions is one of the ways to improve the 
outcome of operations on the spine. Our systematic 
review analyses the results of using SSI in spinal 
surgery, and also shows the options for using this 
technique in the treatment of degenerative diseases 
and injuries of the spine, tuberculous spondylitis and 
a rare combined pathology.

The aim of the study was to carry out a systematic 
review of the literature on the results of applying the 
technology of simultaneous surgical interventions in 
spinal surgery to determine its value in the treatment of 
degenerative diseases, traumatic injuries, destructive 
changes due to tuberculous spondylitis, correction of 
congenital anomalies and tumor lesions.

MATERIAL AND METHODS

Search strategy and literature selection
Medline, EMBASE, Cochrane Library and 

еLibrary databases were searched for articles, 
published from January 1960 to December 2018, 

describing the application of the SSI technology in 
spinal surgery. Data were obtained by two authors 
and independently reviewed by a third author. If there 
was a disagreement regarding the inclusion of studies 
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in the systematic review, the decision was taken 
collectively with the participation of all authors. The 
study was carried out in accordance with international 
recommendations for writing systematic reviews and 
meta-analyses PRISMA [7].

At the first stage, a search for literary sources 
was conducted with the keywords “minimally 
invasive spine surgery”, “simultaneous spine 
surgery”, “combined spine surgery”, “degenerative 
disk disease”, “inflammatory spine disease”, 
“traumatic spine injures” in the English-language 
and Russian-language databases. At the second 
stage, abstracts of articles were examined and 
publications that did not meet the research criteria 
were excluded. At the third stage, we reviewed the 
full texts of the selected articles for compliance 
with the inclusion criteria and a list of references 
for relevant studies (Fig. 1).

Compliance criteria
In order to analyze the use of the SSI technology 

in performing spinal neurosurgical interventions, the 
following criteria for the correspondence of literary 
sources were determined:

1) Studies included: retrospective and prospective 
cohort studies, case-control studies, systematic 
reviews, clinical cases studying the effectiveness of 
the SSI technology in spinal surgery;

2) Types of surgical interventions: surgical 
interventions on the cervical / thoracic / lumbar spine 
for treating various neurosurgical nosology;

3) Study design: all types of studies describing the 
use of the SSI on the spine were included.

Assessment of bias and bias risk 
Nonrandomized retrospective and prospective cohort 

studies and case-control studies were evaluated for the risk 
of systematic errors using the Newcastle-Ottawa scale [8].

Fig. 1 Search strategy and selection of literary sources for the systematic study 

RESULTS

Search of literature sources
According to the compliance criteria, this 

systematic review included 20 studies that used SSI 
in spinal surgery [9–10, 13–16, 20–21, 25–27, 32, 37–
39, 42–46]. Of the 20 sources, six were cohort studies 
and case-control studies and were rated for the risk 
of systematic errors with the Newcastle-Ottawa scale. 
The general characteristics of the studies included in 
this systematic review are presented in Table 1. The 
remaining studies were systematic reviews or case 
reports.

Simultaneous technologies in management of 
degenerative diseases of the spine 

Degenerative diseases of the spine are one of the 
leading pathologies in spinal surgery. Each year, about 
8 % of the working population develop disability 
to work due to vertebrogenic pain. Out of the total 
number of these cases, 40 % of individuals experience 
pain localized in the lumbar spine [9]. One of the 
degenerative pathologies of the spine, in which the 
use of SSI is rational, is tandem spinal stenosis. The 
incidence of simultaneous multiregional spinal canal 
stenosis in the population is from 7.6 to 60 % [10].
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Table  1
General characteristics of the studies included in this systematic review

Authors Number of 
patients

Mean age 
(years) Study design Evidence level Newcastle-

Ottawa score Spine department Approach Follow-up 
time (months)

Straus et al., 2002 
[9] – – Literature review 5 – – – –

Overley et al., 
2017 [10] 599 – Systemic review 1 – Cervical, thoracic Posterior –

Doniel et al., 2015 
[13] 10/10 54.5/57.8 Prospective,  

case-control 3 5 Lumbosacral Lateral + posterior –

Jain et al., 2010 
[14] 48 29,1 Prospective,  

cohort 3 4 Thoracic, lumbar – –

Kiyoshi et al., 
2015 [15] 4 67.2 Case series 3 – Cervical Anterior + posterior 16.5

Cheung et al., 
2016 [16] – – Literature review 5 – Cervical Anterior + posterior –

Shinbo et al., 2014 
[20] 2 69 Case report 3 – Cervical Anterior + posterior 18

Koller et al., 2006 
[21] 1 34 Case report 3 – Cervical Anterior 11

Xia et al., 1998 
[25] 89 36.8 Retrospective, 

cohort 3 2 Thoracic Anterior + posterior 48

Xia et al., 2009 
[26] 34 34.2 Retrospective, 

cohort 3 5 Lumbosacral Anterior + posterior 13

Mochino et al., 
2011 [27] 100 36 Prospective,  

cohort 3 6 Thoracic, lumbar Anterior + posterior 30

Mukhtar et al., 
2003 [32] 22 – Prospective,  

cohort 3 4 Thoracic, lumbar Anterior + posterior 18

Manoj et al., 2018 
[37] 30 9.8 Prospective,  

case series 3 – Thoracic, lumbar Posterior 49

Shahcheraghi et 
al., 2010 [38] 7/9 11.8/18.5 Case series 3 – Thoracic Anterior + posterior 80

Stoker et al., 2012 
[39] 8 54 Case series 3 – Cervical, thoracic Posterior 16

Aydogan et al., 
2007 [42] 8 68 Retrospective,  

case series 3 – Cervical, lumbar Anterior + posterior 34.6

Epstein et al., 1984 
[43] 24 64 Case series 3 – Cervical, lumbar Posterior –

Hsieh et al., 1998 
[44] 12 – Case series 3 – Cervical, lumbar Anterior + posterior 32

Kikuike et al., 
2009 [45] 17 70.9 Case series 3 – Cervical, lumbar Posterior 36

Eskander et al., 
2011 [46] 43 68 Case series 3 – Cervical, lumbar Posterior 84

In cases of symptomatic combined stenosis of the 
spinal canal, the operation is performed by stages or 
simultaneously [11]. Thus, first decompression may be 
carried out in the area of the most severe neurological 
deficit. Overley et al. showed that when two teams 
work simultaneously in the cervical and lumbar regions, 
the volume of blood loss and the duration of surgical 
intervention decrease in comparison with the sequential 
work of one surgical team, first at one and then at another 
level of the spine during one anesthetic procedure [10]. 
Another option for the treatment of tandem spinal stenosis 
is performance of separate surgical interventions in each 
affected segment of the spine. It was found that in some 
cases, surgical intervention at the cervical level, in the 
absence of severe symptoms in the lumbar spine, may 
result in complete disappearance of symptoms in the lower 
extremities [11]. Moreover, the use of staged treatment is 
recommended in patients over 60 years of age, which is 
associated with prolonged anesthesia and a large amount 
of blood loss in the cervical and lumbar SSIs [12]. The 
technique of surgical interventions varies depending on 
the severity of the pathological process and the level of 
damage, but the main phases of surgical treatment are 
approach, decompression and stabilization [13].

Also, SSI variants in the treatment of degenerative 
diseases of the spine are cases with several fixation 
systems from different approaches to ensure sufficient 
stability of the vertebral segments. In the lumbar spine, 
a combination of posterior and lateral types of fixation 
is often used [14]. These surgical interventions are 
performed in the patient’s position on his/her side, 
which allows not changing the patient’s position on the 
operating table. Manipulations are sequential within 
one anesthesia session. In the cervical spine, the most 
common method is simultaneous implantation of ventral 
and dorsal stabilizing structures [9]. Such surgical 
interventions are commonly used in the treatment of 
patients with deformities in the areas with an increased 
axial load (transitional zones of the spine) [15]. The need 
for this type of surgical interventions is due to the need 
for effective fixation of the affected zone. To implement 
this technology, after ventral decompression of neural 
structures and interbody stabilization with a cage, the 
patient is turned over for dorsal screw fixation [16].

Simultaneous interventions in the treatment of 
traumatic injuries of the spine

More than 8,000 persons become disabled 
annually in the Russian Federation due to spinal 
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cord and spinal cord injuries [17]. Closed injuries 
of the second cervical vertebra are considered to be 
one of the most common in the cervical spine and 
make up more than 20 % [18, 19]. Moreover, multiple 
fractures of the second cervical vertebra are much 
less common and are recorded in 1 % of all cervical 
injuries [20]. Management of such patients remains 
controversial for spinal surgeons. Recently, combined 
surgical treatment methods have been widely used 
applying simultaneous technologies, which achieve 
high primary stability, early activation of the patient 
and provide good clinical and radiological results 
[21]. So, Shinbo et al. report two patients with 
three-component C2 vertebral fractures, consisting 
of a type II odontoid fracture and Levine-Edwards 
type 2–3 fractures, operated simultaneously with 
anterior fixation of the dentoid process with a screw 
and bilateral transpedicular posterior screw fixation. 
Patients showed sufficient stability of damaged bone 
structures, which allowed for early mobilization and 
preservation of the range of motion of the cervical 
spine at levels C1 – C2 and C2 – C3 [20].

Thoracolumbar fractures are a frequent type of 
spinal injury, which has become the most common 
due to industrialization [22, 23]. In addition to 
compression, such damage occurs due to twisting or 
tangential deformities, accompanied by subluxation 
and dislocation of the vertebrae [24]. Although the 
choice of tactics for surgical treatment of thoracolumbar 
fractures remains controversial, in most of these 
cases, either ventral or dorsal surgical approaches are 
used. With significant post-traumatic deformities and 
displacements of bone fragments, the combination of 
anterior and posterior approaches is justified [25]. In 
these cases, sufficient decompression and effective 
stabilization of the damaged structures with the 
restoration of the spatial relationship of the spine are 
ensured. Thus, positive clinical and radiological results 
were achieved in 34 patients with severe thoracolumbar 
dislocations treated with the SSI technology in all 
cases that persisted throughout the observation period 
[26]. In a prospective study, Machino et al. reported 
high efficiency of simultaneous posterior screw or 
hook fixation and anterolateral decompression with 
autologous grafting in the treatment of patients with 
burst fractures of the thoracolumbar spine which was 
performed within the same anesthetic session with the 
patient on his/her side [27].

Simultaneous interventions the treatment of 
tuberculous spondylitis

The incidence of tuberculosis varies and depends on 
the conditions of economic development of a certain 
country [28]. The spinal column is the most common 
extrapulmonary localization of tuberculosis infection 

[29]. Tuberculous spondylitis takes the first place in 
the structure of the incidence of osteoarticular types 
of tuberculosis; it accounts for 45.2 to 82.4 % of all 
cases [28]. Tuberculosis of the spine was first described 
by Pott in 1877 as a kyphotic spinal deformity with 
paraplegia [30]. Starting in the 1960s, Hodgson et al. 
[31] proposed anterior arthrodesis with a graft to fill 
the defect after reconstruction of the anterior support 
column, which later became a classic treatment for 
tuberculous spondylitis. However, high incidence of 
unsatisfactory outcomes associated with an increased 
resorption of the graft such as a loss of deformity 
correction and instability, led to the development of 
the concept of internal fixation using metal structures. 
Treatment of active spinal tuberculosis with SSI 
(simultaneous anterior extirpation of a tuberculous 
lesion and posterior instrumental fixation with a patient 
being turned over within a single anesthetic session) is 
effective for correcting spinal deformity with restoration 
of the physiological sagittal balance and maintaining 
fixation until bone fusion has completed [32].

Rare use of simultaneous interventions
A number of authors describe rare cases of 

SSI technology application in the treatment of 
congenital scoliosis of the spine of grades III–IV, 
neurofibromatosis with degenerative disease of 
the spine and the case of lung tumor resection with 
subsequent posterior instrumentation fixation of the 
thoracic spine [12, 33–39].

The incidence of congenital scoliosis is one to 
3 cases per 1,000 newborns [34, 35], of which 15 
to 38 % have been diagnosed with anomalies in the 
development of the spinal cord [40]. This group of 
diseases is the target category for the SSI. Among 
malformations, Chiari anomaly, diastematomyelia, 
lipomas and lipomeningocele, teratomas, and 
syringomyelia have been mentioned most frequently 
[33, 34, 36]. In these cases, simultaneous correction of 
spinal deformity and associated congenital anomalies 
of the spinal cord or tumor resection is performed. 
The use of SSI is economically advantageous, as it 
reduces the number of anesthesia sessions, duration 
of hospitalization and the rehabilitation period [37].

The use of SSIs in spinal deformities due to 
neurofibromatosis has been also described. In such 
cases, a combined operation is used: corpectomy of 
the affected vertebrae, bone autograft (fragment of the 
rib or ilium), posterior screw fixation of the affected 
spine [38]. The simultaneous nature of this operation 
performed by one surgical team consists in, first, a 
corpectomy and placement of a bone graft through 
the lateral approach, and then transpedicular screw 
fixation is performed from the posterior approach.

Spinal metastases are observed in three to 5 % of 
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oncological patients [12]. Such cases require not only 
combined surgical interventions, but also the joint 
work of surgeons of several specialties. A SSI case was 
described in 2013 by Stoker et al. During the operation, 
using the technology of video-assisted thoracoscopic 
surgery, the affected lung was removed along with the 
vertebra into which the tumor invaded. Then, a screw-
based stabilizing structure was installed from the 
posterior approach in the area of the affected spine [39].

Comparison of simultaneous surgical 
interventions with staged surgical treatment

The authors found several studies which compare 
the SSI results with staged surgical treatment. Thus, 
in surgical treatment of degenerative tandem stenosis 

of the cervical and lumbar spine Aydogan et al. [42], 
Epstein et al. [43] and Hsieh et al. [44] in a series 
of cases (8, 12 and 12 patients, respectively) indicate 
the advantages of staged surgical interventions over 
simultaneous ones. However, Kikuike et al. [45] 
and Overley et al. [10] report the best results of 
retrospective observation of patients after SSI at the 
cervical and lumbar levels.

Eskander et al. compared the indicators of 
intraoperative blood loss and duration of surgical 
intervention in SSI (21 patients) and the staged method 
(22 patients) [46]. It was found that the number of 
complications in both groups was comparable, but 
SSI was associated with a larger volume of blood loss.

DISCUSSION

Due to the current lack of systematization on the 
use of SSI technologies in spinal surgery, there are 
no unified algorithms for their application. Moreover, 
the largest number of such operations, according 
to specialized literature, has been recorded in the 
treatment of patients with degenerative diseases 
of the spine. However, the results of applying the 
SSI technique are contradictory. In relation to other 
pathologies presented in the review, there is little 
information on the use of SSI.

At present, the significant fact is absence of a clear 
classification and qualitative features by which spinal 
surgery can be classified as a simultaneous or single-
event procedure. After the analysis of the literature 
data, we identified several SSI types performed 
within the same anesthesia session: simultaneous 
interventions by two surgical teams from two 
different approaches in different anatomical areas 
[10], single-event sequential interventions performed 
by one surgical team from two different approaches 
in different anatomical areas [46 ], consecutive 
interventions of one surgical team from two different 
approaches in the same anatomical region without 
changing patient’s position [14, 21], consecutive 

interventions by one surgical team from two different 
approaches to one anatomical region with the change 
of patient’s position [16, 26, 27, 32].

The study of the results of using SSI in spinal 
surgery showed that at the moment it is impossible 
to objectively compare the two proposed methods 
in the treatment of spinal diseases. To assess the 
advantages and disadvantages of each of the methods, 
it is necessary to increase the sample of patients, to 
form representative groups according to the leading 
nosological condition, age, comorbidity, and so on. 
In addition, multicenter randomized controlled trials 
are needed to clarify the indications for SSI in spinal 
neurosurgery.

Limitations of the study This systematic review 
has several drawbacks that need to be pointed at. The 
randomized controlled trials were not included in the 
systematic review, since the authors were unable to 
find any randomized controlled trials comparing the 
SSI technology with staged treatment. The majority 
of studies included in the systematic review were 
retrospective, had a small number of analyzed patients 
and a short-term period of postoperative observation, 
which significantly reduces the evidence of the results.

CONCLUSION

Simultaneous surgical interventions with the use 
of high-tech tools and minimally invasive surgical 
techniques can simultaneously eliminate several 
diseases, maintain a low invasive approach, activate 
patients early after the operation, and reduce the 
number of complications. There is a need to study 
the effectiveness of various spinal SSIs based 
on such parameters as duration of surgery, time, 

terms of inpatient treatment, duration of intra-
operative radiation exposure and economic costs. 
The development of specialized criteria and a clear 
classification would simplify the understanding of 
the term “SSI”, will contribute to the development 
of this technology in spinal neurosurgery and will 
help to objectively examine the results of such 
interventions.
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