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Objective. To analyze the nearest clinical and radiological results of simultaneous and staged surgical treatment of patients with degen-
erative sagittal imbalance.

Material and Methods. Retrospective monocentric cohort study included analysis of data from 54 patients who underwent simultaneous
combination of surgical methods with obligatory corrective anterior fusion at the L4—L5 or at L4—L5 and L5—S1 levels (Group I, n = 27)
or similar surgical intervention though divided into stages with an interval of 5 days or more (Group II, n = 27). A comparison of clinical,
radiological, and operational data during inpatient treatment was carried out.

Results. The duration of surgery was 410.93 + 76.34 minutes in Group I and 594.63 + 102.61 minutes in Group II (p = 0.000001); the
blood loss was 926.67 + 378.63 ml versus 1345.19 + 522.97 ml, respectively (p = 0.001575). Postoperative clinical and radiological pa-
rameters did not differ between groups: VAS back (p = 0.248647), VAS leg (p = 0.196140), PT (p = 0.115965), SVA (p = 0.208449),
LL (p = 0.023654), LDI (p = 0.931646), PI-LL (p = 0.693045), GAP (p = 0.823504), and restoration of the ideal Russoly type
(p =0.111476). The incidence of perioperative complications in groups was comparable: 17 (62.96 %) in Group I and 15 (55.56 %) in Group
IT (p = 0.583171). Patients with a high Charlson comorbidity index had a significantly higher incidence of complications (p = 0.023471).
The index of surgical invasiveness in Group I had a significant correlation with the total number of complications (p = 0.421332).
Conclusion. Clinical and radiological results and the incidence of complications are comparable between single- and multistage approach-
es to correct sagittal balance disorders. In staged treatment, the total duration of surgery and the volume of blood loss are significantly

higher. With a high Charlson comorbidity index and Mirza surgical invasiveness index, a multistage approach to the treatment of patients

with sagittal imbalance is preferred.
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Year after year, the number of age-relat-
ed patients suffering from spinal defor-
mities is steadily increasing. The reason
for this is an extended life and increased
requirements for its quality. The majori-
ty of patients with spinal deformities are
managed conservatively. Nevertheless,
with the development of clinical implica-
tions, a surgery can significantly improve
the patients’ life quality [1-5]. It has sev-
eral aims: decompression, correction and
stabilization. The extended thoracolum-
bar instrumentation, which may include
interbody fusion, is used to achieve the
correction. In case of three-plane defor-
mities (frontal, sagittal, axial), the sur-
gical treatment is quite aggressive. It is
associated with a high frequency of reop-
erations until the desired clinical and
radiological result is achieved [6, 7]. The

complication rate in the treatment of spi-
nal deformities can vary from 40 to 80 %.
Meanwhile, the share of severe complica-
tions (surgical site infections, neurologi-
cal deficit, PE, myocardial infarction, etc.)
is 17-49 % [8, 9]. Therefore, the current
trend in spinal surgery is to find ways to
reduce the frequency of such complica-
tions by knowledge improvement, the
use of minimally invasive techniques, the
use of the emergent approaches in anes-
thesiology and aftercare [10].

The high degree of physiological
stress in the patient during corrective
surgeries is associated with continu-
ous anesthesia, major blood loss, and a
decline in the nutritional parameters [11,
12]. It is believed that performance of
several minor surgeries instead of a sin-
gle-stage surgical treatment (the stages
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are performed in one surgical session) is
easier for the patient in terms of reduc-
ing the degree of one-time physiological
stress [13, 14]. Significant reasons in favor
of multistage surgeries (the stages are
performed in several surgical sessions)
are the following: less workload on the
surgical team, repeated X-rays with the
possibility of treatment strategy correc-
tion before the next stage. Nevertheless,
there are studies indicating the absence
of advantages of the stage approach
over the single methods. This relates to
increased risks of complications, higher
economic costs due to a long admission
[13]. Currently, the literature suggests
that there is no robust evidence of the
advantages of one or another treatment
strategy of patients with spinal deformi-
ties. The Russian researchers challenged
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themselves to develop criteria, surgical
procedures classification, and their effec-
tiveness in the treatment of this kind of
patients [15]. A better understanding
of the positive and negative aspects of
one (single) or another (multistage)
approach will enable both the doctor
and the patient to make a more reason-
able decision in surgical planning,

The aim of the study is to analyze the
nearest clinical and radiological results of
simultaneous and staged surgical treat-
ment of patients with degenerative sag-
ittal imbalance.

Material and Methods

Study design: a retrospective multi-
center cohort study. From January 2017
to September 2020, the data of 54 adult
patients who underwent surgery were
revised. The surgical alternatives were the
following: pain syndrome in the lumbar
spine in combination with nerve com-
pression syndrome and/or neurologi-
cal deficit, neurogenic claudication syn-
drome, resistant to chronic (more than
3 months) conservative therapy. The
morphological substrate of clinical evi-
dence was degenerative stenosis of the
lumbar spinal canal with a sagittal bal-
ance disorder.
Study inclusion criteria:

— Patients over 18;

— anterior lumbar interbody fusion
and posterior screw fixation,

— sagittal imbalance (compliance with
one or more of the criteria: sagittal ver-
tical axis (SVA) — more than 5 c¢m, the
difference between pelvic incidence (PI)
and lumbar lordosis (LL) — more than 10°,
pelvic tilt (PT) - more than 20°, lordosis
distribution index (LDI) - less than 40 %);

- type N according to SRS-Schwab
(front plane deformity is less than 30°).

Exclusion criteria:

— traumatic, tumor, and inflammatory
injuries of the spine;

- types L, D, T according to SRS-
Schwab, only posterior corrective decom-
pression and stabilization surgeries;

— conditions that prevent or represent
a significant risk during anterior lumbar
interbody fusion (previously performed

surgeries on the pelvic organs, abdomi-
nal cavity, and retroperitoneal space);

— OStEOPOrosis;

- the formed artificial bone block
according to the Bridwell grading sys-
tem (1st grade) at the level of L4-L5 and/
or L5-81;

— vertebral end plates destruction, pre-
venting the correct insertion of interbody
cages at the level of L4-L5 and/or L5-S1.

The surgery consisted of two obliga-
tory and one optional stages:

— obligatory (posterior decompres-
sion + transpedicular fixation (TPF):
decompression at clinically significant
levels, SRS-Sshwab osteotomy of grades
1 or 2 and posterior transpedicular screw
fixation were performed at all levels
where interbody fusion was performed;

— obligatory (ALIF): anterior lumbar
interbody fusion by hyperlordotic cag-
es (the lordotic angle 15° or 18°) at the
lower lumbar levels (I4-L5 or [4-L5 and
L5-S1);

optional (LLIF): lateral lumbar inter-
body fusion (LLIF) at the level L3-14 or
L2-L3 n L3-14 (if additional correction
is necessary or if there is a morphologi-
cal substrate of clinical and neurological
manifestations, found at the planning
stage).

The sequence of surgical stages was
defined by clinical and morphological
changes (intensity of stenosis, mobility
of segments, presence of implants after
previous surgeries, etc.). This arrange-
ment could be the following: LLIF —
ALIF - posterior decompression — TPF,
ALIF - posterior decompression — TPF,
posterior decompression — ALIF — TPE.
If surgical treatment involved perform-
ing LLIF, then this type of spinal fusion
was constantly carried out as a priority.

If the surgery was performed as a revi-
sion one and the patient had a transpe-
dicular instrumentation system in the
proposed correction area, then certain
peculiarities were considered: the pri-
mary posterior stage (instrumentation
removal, posterior decompression, oste-
otomies and insertion of transpedicular
screws at all necessary levels). The next
stage was performed on the anterior col-
umn support (with the removal of pre-
viously inserted interbody implants, if
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there were any). The final posterior stage:
placement of the transpedicular system).

In the treatment of patients with this
abnormality, we followed the surgical
guidelines developed by European spine
surgeons [16, 17], indicating the need
for a balanced recovery of LL. It should
be calculated on the basis of PI, and the
lower lumbar LL should be 2/3 of LL).

According to the surgical approach,
the patients were divided into 2 groups:
Group I — all stages of surgical inter-
vention in one surgical session (one-
stage); and Group II — 2-3 stages of sur-
gery with an interval of 5 or more days
(multistage).

The follow-up period consisted of
the entire hospital stay length. Demo-
graphic, clinical, operational, and radio-
logical indicators were assessed. Radio-
logical and clinical data were reviewed
before the surgery as well as a day before
discharge. During this period there is a
minimal need for anesthetic manage-
ment caused by a surgical trauma, which
reduces their impact on the accuracy of
the results obtained.

The demographic data consisted of
age, gender, body mass index, and hos-
pital stay length. Clinical data: VAS (back
and leg pain before surgery and before
discharge), ODI before the surgery. The
Charlson index was used to evaluate
the comorbidity status: low: 0-2 points,
moderate: 3—6 points, high: 7-9 points,
and very high: more than 9 points [17].
The data related to surgical intervention
was given: Mirza surgical invasiveness
index [18], the type of surgery (original,
repeated), the surgery duration (for mul-
tistage approach — the total of all stag-
es), the total volume of blood loss (for
multistage approach - the total of all
stages), the levels of surgery, intra — and
postoperative complications, the period
between the surgery stages, and reopera-
tions during the hospital stay.

Preoperative scope of the examina-
tion: stress radiography of the lumbar
spine (flexion and extension in the lat-
eral projection); radiography of the spine
upright in the usual position, in two stan-
dard projections from CO up to the mid-
dle third of the femurs, the position of
the hands is opposite collarbones; MRI

DEGENERATIVE DISEASES OF THE SPINE



HIRURGIA POZVONOCHNIKA 2021;18(2):44-53

E.S. BAIKOV ET AL. SINGLE- AND MULTISTAGE SURGICAL TREATMENT OF PATIENTS WITH DEGENERATIVE SAGITTAL IMBALANCE

and MSCT of the lumbar spine. Postop-
erative scope of the examination: radi-
ography of the spine upright in the
usual position, in two standard projec-
tions from CO up to the middle third of
the femurs, the position of the hands is
opposite collarbones; MSCT and/or MRI
of the lumbar spine if necessary.

The studied radiological parameters:
PL, pelvic tilt to the vertical (PT), SVA, LL,
lower lumbar LL (L4-S81), PI-LL, Russoly
type [17], Global Alignment and Propor-
tion (GAP) [18].

The Russoly type in each patient was
identified by PI types I and II < 45°, type
I - 45-60°, type IV > 60° [19]. After
surgery, the Russoly type was deter-
mined as uncorrected, corrected, or
hypercorrected.

The obtained research results were
processed using the descriptive statis-
tics calculation (for quantitative variables,
the average value is M, the standard devi-
ation is m, the results were presented in
the form M + m; for ordinal variables, the
frequencies of values and percentages
relative to the number of valid observa-
tions were given. Also, the comparison
of quantitative and qualitative signs in
the studied groups of patients was pet-
formed. Distribution-free methods were
used for the analysis. The differences
between the compared average values
of the studied parameters in the groups
were assessed using the nonparametric
Mann - Whitney U-test. Fisher’s crite-
rion was used to correlate the qualitative
characteristics with each other. The rela-
tionship between the two features was
measured using Spearman’s correlation
coefficient. The strength of the correla-
tion coefficient relationships was con-
sidered by its interval scale (p): less than
0.19 — very weak connection, 0.20-0.29 —
weak connection, 0.30-0.49 — moderate
connection, 0.50-0.69 — average connec-
tion, more than 0.70 — strong connec-
tion level. The strength of relationship
between the signs at least 0.3 was con-
sidered significant. The threshold level of
statistical significance (p) was considered
to be less than or equal to 0.05. The SPSS
15.0 software was used for statistical data
processing.

Results

In Group I, there were 6 (22.22 %) men
and 21 (77.78 %) women. The average
age of the studied patients was 59.29 +
8.09 (from 41 to 75). The average body
mass index was 33.13 £ 3.39 (from 24.70
to 38.30) kg/m>.

Group Il'included 1 (3.70 %) male and
26 (96.30 %) female patients. The aver-
age age was 59.03 + 648 (from 41 to 73).
Body mass index was 31.71 + 3.39 (from
25.64 t0 37.32) kg/m?.

In Group [, 7 (25.93 %) patients
underwent earlier surgery for degen-
erative discs disease, in Group II -

-6 (22.22 %; p = 0.752500). Initially,

monosegmental fusion was carried out at
one of the lumbar levels (TPF in combi-
nation with or without interbody fusion).
A repeated surgery was necessary due to
the adverse outcome: pseudoarthrosis,
loss of correction at the operative level,
failure of instrumented fixation, aggra-
vation of abnormal changes at adjacent
levels.

The hospital stay from the day of
surgery to the moment of discharge in
Group I'was 25.52 + 8,60 (from 14 to 43)
days versus 2841 + 648 (from 15 to 43)
days in Group I (p = 0.063826).

The interval between the stages in
Group II was in the range from 5 to 14
days (8.71 % 2.76).

The complications happened in three
patients between the surgery stages.
These complications were a counterin-
dication for the next stage during the
period of their relief. Thus, they were not
included in the calculation of the aver-
age inter-stage period. The next surgery
stage was performed after 3 months. The
surgery duration in Group [ was 410.93 =
76.34 min and was less than the total of
all stages in Group II, in which this value
was in the range of 594.63 = 102.61 min
(p=0,000001). The average blood loss in
Group I'was 926.67 + 378,63 ml, which is
significantly less than the total volume in
all surgery stages of Group II - 1345.19 +
52297 ml (p = 0.001575).

The levels and types of spinal fusion
and screw fixation in patients of both
groups are given in Table 1. The data giv-
en in the table shows that in the group
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of multistage surgical treatment more
frequently required the involvement of
a larger number of levels for screw and
interbody (because of LLIF) stabilization.

The statistical analysis of clinical
and radiological characteristics in the
groups is given in Tables 2 and 3. The
analysis data show a honestly significant
improvement in all the assessed indica-
tors in both groups.

There was no significant difference in
the level of VAS pain in the back and leg
at the end of surgical treatment before
the patients were discharged from the
hospital (p = 0.248647 and p = 0.196140,
respectively). This fact was determined
by the intergroup analysis. In comparison
of the results of changes in radiological
parameters, there were also no signifi-
cant differences (p > 0.05), except for
LL, which was significantly higher in the
group of a single surgical treatment (p =
0.023654).

In the group of a single surgical treat-
ment, types I and II according to Russoly
were observed in 0 (0.00 %) cases, type
II - in 18 (66.67 %), and type IV — in
9 (33.33 %). In the group of multistage
surgical treatment, Russoly types I and II
were found in 4 (14.81 %) patients, type
IIT - in 14 (51.85 %) patients, and type IV

-in 9 (33.33 %) patients. The restoration
of the ideal Russoly type in Group I was
reached in 19 (70.37 %) cases; in Group
Il -in 13 (48.15 %) cases. These data are
comparable (p = 0.111476).

The reported complications were
divided into 5 types: mechanical, infec-
tious (surgical site infections), neuro-
logical, thromboembolic, etc (Table 4).
The other complications included pneu-
monia, urinary tract infection, injury of
large vessels, eventration of bowel loops,
liquorrhea, and renal disease. There was
no significant intergroup difference
(p=0583171).

The number of reoperations in Group
[ was 5 (18.52 %). They were caused by
SSLin 2 (741 %) patients and by migra-
tion of anterior interbody cages in 3
(11.11%) patients. In Group 11, there were
3 (11.11 %) reoperations. There was only
one case of small bowel loop eventra-
tion (3.70 %), and 2 cases (7.41 %) of an-
terior interbody implant migration. The
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inter-group comparison did not identify
any significant differences on the basis
of “reoperation due to a complication”
(p=0447851).

In Group II, 3 (11.11 %) patients had
complications which postponed the fol-
lowing surgery stages: two individuals
(741 %) had PE, and in one patient (3.70
%) there was a thrombosis of the left ili-
ac vein, which caused the second stage
of the surgery to be performed after 3
months.

The patients’ distribution in groups
according to the Charlson comorbidi-
ty index was as follows: low index — 8
(29.63 %) people in Group I versus one
(3.70 %) in Group I (p = 0.011333);
moderate — 12 (4444 %) vs 20 (74.07 %),
respectively (p = 0.028162); high — 7
(2593 %) vs 6 (22.22 %), respectively (p =
0.516621).). After a comparative analy-
sis of complications depending on the
Charlson comorbidity level, it was deter-
mined that in patients with a high index
in the group of one-stage surgical treat-
ment, the complication rate was 100 %
(a complication in each of 7 patients),
in the group of multistage treatment —
40 % (p = 0.023471). In the correlation
analysis, there was a significant relation-
ship between the high Charlson comor-
bidity index and the total number of
complications in the patients of the
group of one-stage surgical treatment
(Table 5). According to Mirza et al. [18],
the value of the surgical invasiveness
index is graded from 0 and higher at a
pitch of 5. In the patients of the present
study, it was in the range from 11 to 22
points. In groups I and I, 20 (74.07 %)
patients and 5 patients ranked 11-15
points (18.52 %; p = 0.000050), respec-
tively; 16-20 points — 6 (22.22 %) and
15 (55.56 %; p = 0.012813) individuals,
respectively; 21-25 points - 1 (3.70 %)
and 7 (25.93 %; p = 0.022786) patients,
respectively. It is not possible to conduct
a comparative inter-group analysis of the
frequency of complications depending
on the rank of the invasiveness index
due to the small number and inconsis-
tency of statistical material in the groups.
Nevertheless, this dependence was found
within the same group with a single sur-
gical treatment (Table 5).

Discussion

Surgical treatment of adult patients with
spinal deformities is characterized by
the duration, high frequency of serious
complications, and the need to use a
combination of surgical techniques [13].
Regardless of the aggressiveness of such
treatment, the life quality of patients
significantly improves in comparison
with conservative therapy [20-22].
Surgeries for spinal deformities are
aimed at the reduction of pain syndrome
and neurological manifestations [23].
Generally, this issue affects elderly
and old senile patients who have a
compromised comorbid status [10].
Thus, most surgeons, when it is necessary
to use a combination of techniques,
prefer to divide the treatment into
stages carried out in different time
periods. The reason for this technique
is the reduction of simultaneous surgical
injury, blood loss, and the risks of
long-term anesthesia. Meanwhile, it is
proven that the surgery duration is an
independent risk factor for perioperative
complications [24]. Nevertheless, the
papers of recent years point to the
inconsistency of the superiority of
the single surgical treatment over the
multistage one [11, 12, 25, 26]. The
aim of this paper is to increase the
contribution to the treatment issue of
adult patients with spinal deformities.
The comparative initial data and applied
surgical techniques were reviewed, but
performed either in a single or multistage
surgical treatment.

There are various surgical techniques
and approaches in the treatment of
patients suffering from spinal deformi-
ties. Everything depends on many fac-
tors: the patient’s age, his comorbid sta-
tus, the severity of deformity in one plane
or another and the surgeon’s convictions.
The aged patient’s appointment to a
spine surgeon is associated with a sig-
nificant pain syndrome or neurological
manifestations. Despite the spinal defor-
mities are always three-plane, as a rule,
the main role in clinical manifestations
development belongs to sagittal plane
changes, which occur and worsen with
the degenerative changes’ progression
in the lumbar spine [27, 28]. Therefore,
the key treatment of patients with this
pathology is the restoration of a harmo-
nious sagittal profile of the lumbar spine:
LL is calculated based on the values of
PI, and the lower — lumbar LL should be
2/3 of LL [10, 16, 29]. This method was
used in the treatment of patients in the
study. It was obtained by anterior lum-
bar interbody fusion at two lower lum-
bar levels (if necessary, it was combined
with the direct lateral interbody fusion in
the superjacent department of the spine),
vertebrotomies of the posterior support
elements, and TPF.

There are few papers concerning the
comparative results of correction of spi-
nal deformities in adults with a single
and multistage techniques [0, 25, 30,
31]. Passias et al. [25] in their retrospec-
tive analysis of 142 patients ‘ data, the
baseline of which was compared using
the PSM method, found no difference

Table 1

Characteristics

Transpedicular fixation

two levels

three levels

four levels

ALIF L4—L5, L5—S1

ALIF L4—L5 + LLIF L3—L4

ALIF L4—L5, L5—S1 + LLIF L3—L4
ALIF L4—L5, L5—S1 + LLIF L2—L3,
L3—-14

Distributiont of patients of the studied groups by the number of levels and types of spinal fusion, n (%)

Group I (n = 27)

GroupllI (n = 27)

19 (70.37) 5(18.52)
7 (25.93) 15 (55.56)
1 (3.70) 7 (25.93)

15 (55.56) 4(14.81)

4(14.81) 1 (3.70)
7 (25.93) 15 (55.56)
1 (3.70) 7 (25.93)
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Table 2
Clinical data analysis of patients of groups I and II
Groups Characteristics Before the After the p-level
surgery, points surgery, points
I (n=27) VAS (back), points 6.44 + 0.89 3.11 £0.97 0.00006*
VAS (leg), points 4.59 + 1.67 0.44 + 0.69 0.00005*
ODI, % 58.0 £8.78 — —
I (n = 27) VAS (back), points 6.89 + 0.85 3.41 +£0.89 0.00006*
VAS (leg), points 4.78 +£1.22 0.63 + 0.56 0.000032*
ODI, % 63.04 + 6.55 — —
* The changes are statistically significant.

between the groups in the six estimated
indicators of sagittal balance after 6, 12
and 24 months. In the paper by Arzeno
et al. [0], a large correction of the imbal-
ance was found in the group of multi-
stage treatment. The authors attributed
this fact to a large number of performed
osteotomies in these patients. While
using a single surgical treatment, it was
possible to achieve a greater correction
of the deformity than with a multistage
one. This data was provided from the
earlier studies [30, 31]. Such contradicto-
ry data can be explained by the diversity
of the studied patients and the use of dif-
ferent surgical techniques. In our study,
there was no significant difference in the
characteristics of the spinal-pelvic and
global balance after surgical treatment
in both groups: PT (p = 0.115965), SVA

(p = 0.208449), LDI (p = 0.931640), PI-
LL (p = 0.693045), GAP (p = 0.823504).
The recovery rate of the ideal Russoli typ-
eis also comparable between the groups
(p=0.111470).

High-evidence studies (level I and II)
show that the life quality of operated
patients with spinal deformities is sig-
nificantly improved, despite the fact that
it is associated with a high risk of seri-
ous complications [3, 4]. In one of the
largest prospective multicenter studies,
the authors identified a significant rela-
tionship between a number of indica-
tors of the spino-pelvic and global bal-
ance (SVA, PT and PI-LL) and the patient
life quality (ODI, SF-12, SRS-22r) [3]. The
comparable data was found by Tarawneh
et al. [4] in a meta-analysis. The evalua-
tion of the treatment outcomes of more

than 400 patients with adult scoliosis
defined the achievement of a minimum
clinically significant difference on the
ODI and SRS scales. In the work of the
above-mentioned group of authors [6],
comparing the outcomes of multi- and
one-stage surgical treatment, a signifi-
cant and similar improvement in the
life quality was observed between the
groups. Also, there was an increase in
the degree of functional adaptation of
patients after 24 months. The evaluation
was performed by the following scales:
ODI, SF - 36 PCS, SF-36 MCS and SRS
Total scores (p > 0.05). Our study was
limited by the length of hospital stay,
and at the time of discharge, a number
of patients needed pain management
what could affect the true values of the
data. That is why it would be incorrect
to present an analysis to assess the life
quality. However, according to the VAS
scale (back and leg pain), there was a
significant improvement in the groups
after surgery (Group I: p = 0.00006 and
p = 0.00005, respectively; Group II: p =
0.00006 and p = 0.000032, respectively).

A high-quality research paper is char-
acterized by a study based on compa-
rable preoperative clinical and radiologi-
cal indicators. This approach to research
minimizes the risks of bias and system-
atic errors [25]. The authors, who study
the surgery treatment of patients with
spinal deformities and conduct studies of

Table 3

Assessment of changes in the sagittal balance characteristics in patients of groups I and IT

Characteristics Group I (n = 27) Group II (n = 27) Groups I and II after
Before the After the p-level Before the After the p-level the surgery,
surgery surgery surgery surgery p-level

PI, deg. 60.81 + 9.58 — 53.04 +12.11 — —
PT, deg. 26.22 +6.20 18.19 + 3.84 0.00006* 25.89 + 5.40 16.67 + 4.04 0.00006* 0.115965
SVA, sm 5.73 + 3.57 2.45 + 2.46 0.00004* 7.69 + 3.57 3.17 £ 2.20 0.00047* 0.208449
LL, deg. 41.70 + 17.05 58.04 + 11.60 0.00056* 29.59 £+ 18.53 51.33 £ 11.12 0.00036* 0.023654*
LDI, % 43.52 + 14.79 68.07 + 11.81 0.00011* 30.22 + 23.45 69.0 + 10.05 0.00047* 0.931646
PI-LL, deg. 19.11 + 15.32 2.78 +9.88 0.00003* 23.44 +12.87 1.70 + 7.96 0.00003* 0.693045
GAP
0—2 points 0 (0.00 %) 13 (48.15 %) - 14 (51.85 %)
3—6 points 17 (62.96 %) 14 (51.85 %) 0.000062* 8(29.63 %) 13 (48.15 %) 0.000003* 0.823504
More than 7 points 10 (37.04 %) 0 (0.00 %) 19 (70.37 %)

* The changes are statistically significant.
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Table 4

Types of complications in patients from groups I and IT, n (%)

Complications Group I (n = 27) Group II (n = 27) p-level

Mechanical 4 (14.81) 2(7.41) 0.390910
Infectious 2(7.41) 0 (0.00) 0.153366
Neurological 2(7.41) 5(18.52) 0.228553
Thromboembolic 5(18.52) 3(11.11) 0.447851
Other 5(18.52) 7 (25.93) 0.516621
Number of patients with 17 (62.96) 15 (55.56) 0.583171

complications

The changes are statistically significant.

a design similar to ours, focus on the fol-
lowing peculiarities: perioperative com-
plications, intraoperative blood loss, the
surgery duration, and the length of hos-
pital stay.

Maddox et al. [26] assessed the surgi-
cal findings of two cohorts of patients
with staged (n = 52) and non-staged (n =
90) treatment operated only from the
dorsal approach. The authors revealed
a greater blood loss (4269 ml vs. 3405
ml) and, in this regard, a more frequent
need for hemotransfusion in the group
of multistage treatment. Moreover, they
indicated a longer stay in the ICU (3.1
vs. 2.2 days.). However, the total number
of perioperative complications and the
length of hospital stay did not differ sig-
nificantly between the groups. Passias et
al. [25] noted a long duration of the oper-
ation (679.8 minutes vs. 378.0 minutes;
p < 0.001) and the length of hospital
stay (19.0 days vs. 7.2 days; p < 0.001) in
the group of multi - stage surgery. There

were no differences in intraoperative
blood loss and the frequency of major
and minor complications in the groups.
However, in assessing the frequency of
perioperative complications, depending
on the interval between stages (1-3 days
vs. 4-30 days), a greater number of them
wete revealed during the 2nd stage of the
surgery later than 4 days (44 % vs. 17 %;
p=0.011). Arzeno et al. [6] performed a
study similar to the above, except that
the interval between the stages in the
multistage treatment group was less than
three days, compared with the results
of the group in which the surgery was
single. Following a regression analysis,
the authors did not reveal a significant
increase in the postoperative bed day,
the total number of complications and
reoperations in the multistage surgery
group (p > 0.05). Nevertheless, the total
duration of the surgery and blood loss
were significantly higher in this group
(p <0.05).

In this study, a greater total blood loss
(p=0.001575) and the surgery duration
(p =0.000001) were found in the multi-
stage treatment group). While the length
of hospital stay was higher in the multi-
stage surgery group, it was not statisti-
cally different (p = 0.063826). The total
number of complications and reopera-
tions in the group of single surgical treat-
ment was higher (by 7.40 % and 7.47%,
respectively), but there was no statisti-
cally significant difference (p =0.583171
and p=0.447851, respectively). The ana-
lysis of the complication dependence on
the Charlson comorbidity level showed
a significantly higher number of them
with a high index in the group of a single
surgical treatment (p = 0.023471). There
was a significant correlation between the
Mirza invasiveness index and the total
number of complications in the same
group. One of the disadvantages of the
multistage approach is the probability
of complications which can significantly
enhance the period between surgeries
or cause a reoperation. Three patients in
our study suffered from thromboembolic
complications (PE, iliac vein thrombosis).
For this reason, the next surgical stage
was performed after 3 months. The great-
est number of reoperations is due to the
anterior migration of the cages at the
ALIF level, which was associated with the
compression of large vessels or the loss
of achieved correction. We can conclude
that the following factors were the start-
ing point of the complication: the hyper-
lodotic shape of cage (the maximum
determinants for its squeezing from the

Table 5

Correlation of the total number of complications with the Charlson comorbidity index and the Mirza invasiveness index in patient groups

Characteristics

Total number of complications

Group I: n = 17 (62,96 %)

Invasiveness index

11—15 points

16—20 points

21—25 points

Charlson Comorbidity Index

0.421332*; 15 (55.56 %)
-0.327968%; 2 (7.41 %)
-0.255704; 0 (0.00 %)

Low -0.174185; 4 (14.81 %)

Moderate
High

* The changes are statistically significant.

-0.240098; 6 (22.22 %)
0.453743*%; 7 (25.93 %)

Group II: n = 15 (55,56 %)

0.234521; 4 (14.81 %)
-0.200000; 7 (25.93 %)
0.018898; 4 (14.81 %)

0.175412; 1 (3.70 %)
-0.018898; 11 (40.74 %)
-0.149241; 3 (7.41 %)
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interbody space, especially at the lower
lumbar levels); relatively poor natural
adhesion of the cage to the bone tissue of
the vertebrae (the PEEK implant material,
the contact surface of the cage is weakly
eroded to adhere to the end plate of the
vertebral body); the lack of conditions
preventing the cage displacement (the
implant design did not provide the fixing
elements in the form of perforated plates
or screws, as well as anterior fixing plates
were not used).

The limitations of our work include
the following: a retrospective non-ran-
domized monocenter study, the lack of
comparison of groups by the PSM meth-
od due to the limited amount of clinical
material, and the period of observation
of patients (the length of hospital stay).
The evidence level of this study accord-

ing to SIGN (the Scottish Intercollegiate
Organization for the Development of
Clinical Recommendations) is 2-.

Conclusion

The combined corrective surgeries with
obligatory anterior spinal fusion with
hyperlordotic cages at the lower lumbar
levels in patients with sagittal imbalance
of degenerative genesis are associated
with a high frequency of perioperative
complications. Nevertheless, they can
significantly improve the indicators of
the spino-pelvic and global balance in
the early postoperative period.

One- and multistage techniques for
the sagittal balance correction are similar
according to the clinical and radiological
results in the early postoperative period

50

and the total number of perioperative
complications. The total duration of sur-
gery and the intraoperative volume of
blood loss are significantly higher with a
multi-stage treatment option.

The multistage approach to the treat-
ment of patients with sagittal imbal-
ance is advantageous when the Charlson
comorbidity index, as well as the Mirza
surgical invasiveness index are high.

We believe that further highly-prov-
en studies are necessary to specify the
indications for single-and multistage
techniques in the treatment of patients
with sagittal imbalance of degenerative
etiology.

The study bad no sponsorship. The authors declare no
conflict of interest.
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