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Objective. To analyze the influence of somatic comorbidity on the results of surgical treatment of elderly and senile patients with degen-
erative lumbar spinal stenosis.

Material and Methods. The study design corresponds to a single-center non-randomized retrospective cohort study with level 3 evidence
(OCEBM Levels of Evidence Working Group. “The Oxford 2011 Levels of Evidence”). The influence of somatic comorbidity on quality
of life after surgery for degenerative lumbar spinal stenosis was analyzed in 962 patients 60—85 years old. Analysis and evaluation of the
results of the study was carried out in two groups of patients with radicular compression syndrome: Group 1 (less than 5 points accord-
ing to White — Panjabi criteria) included 625 (65% ) patients, and Group 2 (5 or more points according to White — Panjabi criteria) —
337 (35% ) patients.

Results. Body mass index of patients in Group 1 was statistically significantly lower than in Group 2. Repeated surgical interventions
performed during the first year after the primary operation were statistically significantly more frequent in Group 1, and those performed
after 3—4 years were more frequent in Group 2 (BMI > 30) due to the development of adjacent level disease. In obese patients, the dura-
tion of surgery, blood loss and postoperative hospital stay are statistically significantly increased. One year after surgery, a statistically
significant negative effect of increase in BMI on the parameters of back pain, lower limb pain, functional adaptation, and quality of life
was revealed in both groups of patients. No association of obesity and complication rates was noted. In Group 2, the incidence of adjacent
level disease 2—5 years after the primary operation was higher in patients with BMI > 30 compared with patients with BMI < 30 and with
patients in Group 1. It was found that somatic comorbidity and the age of patients statistically significantly prolonged postoperative hos-
pital stay in Group 1 and did not affect its duration in Group 2. No effect of the comorbidity index on the quality of life was noted. Osteo-
porosis was statistically significantly associated with an increase in the frequency of technical complications during surgery (malposition
of pedicle screws, cage migration, and damage to the vertebral endplates).

Conclusion. Obesity is statistically significantly associated with an increase in postoperative hospital stay, surgery duration and blood loss,
and is a predictor of the development of instability of the spinal motion segment and adjacent level disease. Obese patients have higher levels
of back and lower limb pain and worse quality of life parameters after surgical interventions than patients with normal body weight. When
using minimally invasive technologies in the surgical treatment of degenerative lumbar spine pathology, the number of complications in
obese patients is not higher than in patients with normal body weight. The effect of comorbidity on the results of minimally invasive sur-
gery for degenerative lumbar pathology was not detected. Osteoporosis affects the frequency of technical complications during surgery.
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Degenerative lumbar spinal stenosis
is the most common cause of surgical
interventions in patients over 60 years
of age [1]. At least one somatic disease
occurs in 60-88 % of cases in this age
group [1].

Surgical interventions are associated
with a risk of intraoperative and post-
operative complications, the frequency

of which is expected to increase with
age and the presence of a comorbidity;
however, the data on this relationship
are inconsistent [3—8]. A number of stu-
dies are devoted to identifying the pre-
dictors of adverse surgical outcomes
in elderly patients with degenerative
spinal stenosis; however, the data on
the effects of obesity, comorbidity, and
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psychological status of the patients are
also ambiguous [2, 7, 9-13].

The aim of the study was to ana-
lyze the effect of comorbidity, includ-
ing obesity and osteoporosis, on the
results of surgical treatment of elder-
ly and senile patients operated on for
degenerative lumbar spinal stenosis.
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Material and Methods

The current work presents a single-cen-
ter non-randomized retrospective cohort
study with level 3 evidence (OCEBM
Levels of Evidence Working Group. The
Oxford 2011 Levels of Evidence). We
have studied the results of surgical treat-
ment of 962 elderly and senile patients
with degenerative lumbar stenosis
primarily operated on using minimally
invasive technologies at the Department
of Spinal Neurosurgery of the Federal
Center of Neurosurgery (Novosibirsk) in
the period of 2013 to 2017.

The inclusion criteria were as follows:
elderly and senile age (6075 and 75-90
years of age according to the WHO cri-
teria), degenerative central or lateral
one-, two-, or three-level stenosis of the
lumbar spine confirmed by neuroimag-
ing studies (SCT, CT myelography with
3D reconstruction, MRI) with clinical
manifestations of radicular compression
and ineffective 2-month conservative
treatment.

Functional spondylography of
the lumbar spine in lateral projection
and White-Panjabi criteria were used
to determine instability of the spinal
motion segment. The White—Panjabi
score of 5 or more points was consid-
ered as segmental instability.

The exclusion criteria were as follows:
the history of previous spine surgeries,
spinal comorbidities (infection, tumor,
and injury), mental diseases, scoliotic
curvature with the Cobb angle greater
than 10° [14].

The mean age of the patients was 66
(60-85) years.

Minimally invasive microsurgical
decompression of the nerve root was
performed if no segmental instability
according to the White—Panjabi criteria
was noted [15]. Microsurgical nerve root
decompression was performed unilater-
ally in the lateral root pocket in case of
clinical manifestations of radicular com-
pression associated with lateral stenosis;
minimally invasive bilateral microsurgi-
cal decompression of the netrve roots
was conducted by unilateral approach
in case of clinical manifestations of the
nerve root compression due to central

spinal stenosis. If instability was detected,
spinal root decompression was supple-
mented with interbody fusion surgery
using the TLIF technique (270 patients).
If direct nerve root decompression was
required, the PLIF technique was used
in conjunction with minimally invasive
percutaneous pedicle screw fixation (24
patients). Indirect decompression using
ALIF was conducted in 23 patients. In
case of osteoporosis (T-criterion, -2.5
and below), pedicle screw fixation was
supplemented by vertebral augmentation
with polymethyl methacrylate.

The follow-up period after surgical
intervention ranged from 4 to 74 months
(mean duration, 24 months).

To objectify and standardize clinical
manifestations of the disease before and
after surgery, standard scales and ques-
tionnaires were used: VAS score for pain
assessment [16], Oswestry index (ODI)
[17], SF-36 (psychological and physical
health factors) for assessing the quali-
ty of life [18], and the Charlson Comor-
bidity Index (CCI) score for evaluating
the physical status [19], which expresses
the percentage of 10-year survival of the
patients of this age with the comorbid-
ity. The CCI model is a reliable method
for assessing somatic pathology in clini-
cal trials [20].

An analysis and a comprehensive
assessment of the results were carried
out in two groups of patients defined
based on the dominant clinical neuro-
logical syndrome: in Group 1, the clinical
manifestations of degenerative stenosis
were predominantly represented by the
nerve root compression syndromes with-
out segmental instability; spinal pain syn-
drome due to segmental instability was
predominant, while nerve root compres-
sion syndromes were less pronounced in
Group 2 patients (Table 1).

We have studied the effect of obesi-
ty and comorbidity on the outcomes of
surgical treatment (quality of life, phys-
ical functioning and pain, duration of
surgery and postoperative hospital stay,
blood loss, number of repeated surgeries,
as well as frequency and nature of com-
plications). We also compared the results
in the Groups 1 and 2 with each other.
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Statistical processing of the data was
carried out using the R software (ver-
sion 3.6.1) [21]. The p-value of 0.05 was
considered as the level of statistical
significance.

Since most of the data were not char-
acterized by a normal distribution, we
used the following format for their pre-
sentation: average/median [1; 3 quartile].
Further analysis was performed using
non-parametric statistical methods. The
Mann-Whitney two-sided and Fisher’s
exact tests were used to compare the
two groups. Spearman’s rank correla-
tion was used to describe the relation-
ship between the variables.

To illustrate the results, Box-and-
whisker plots with the interquartile
range, minimum and maximum values
within the 1.5 interquartile range, and
outliers were used.

Results

Group 1 included 625 patients (277 men,
348 women) aged 66/64 [61; 69] years;
Group 2 included 337 patients (83 men,
254 women) aged 65/64 [61; 67] years.

BMI was 30.6/30.1 [20.8; 33.0] in
Group 1 and 33.2/32.9 [28.8; 36.7] in
Group 2, which turned out to be statis-
tically significant (p < 0.001). This indi-
cates a higher risk of segmental instability
in obesity. Fig. 1 shows an estimate of the
BMI distribution in the studied groups.

A BMI of > 30 was observed in 546
(57 %) patients: 50 % (n = 317) of Group
1 patients and 68 % (n = 229) of Group
2 patients. Analysis of the relationship
between the rate of repeated interven-
tions and BMI revealed the following:
repeated surgical interventions during
the first year after the primary surgery
were statistically significantly more often
performed in Group 1 patients with a
BMI above 30 (p = 0.023); no statisti-
cally significant difference in the rate of
repeated surgeries was detected between
the Groups 1 and 2 in the period of 1-3
years after the initial surgery; 3—4 years
after the primary operation, repeat-
ed interventions were more often per-
formed in Group 2 (p = 0.006) with a
BMI of > 30, which was due to the adja-
cent level disease.
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We compared the relationship
between the rate of repeated surgical
interventions and BMI in the two groups
of patients and found that patients of
both groups with a BMI of >30 were
more likely to undergo repeated surger-
ies; however, no statistically significant
difference was found.

A study of the correlation between
BMI and the period of repeated interven-
tions for the study groups showed that
repeated surgeries in the period of one
year after the initial operation are not
associated with increased BMI (Table 2).
However, in the period of two and three
years after the initial surgery, repeated
surgeries are more often performed in
patients with increased BMI. A statisti-
cally significant increase in the BMI of
the patients with and without repeated
operations was noted only for Group 1
in the period of 2-3 years after the initial
intervention (p = 0.026). Further obser-
vation of a larger sample of patients is
required in order to obtain more signifi-
cant results.

No statistically significant relation-
ship was found between preoperative
pain in the lower limb and lumbar spine,
functional adaptation index, quality of
life, and MBI, with the exception of pain
in the lower limb (p = 0.000) in Group 2.

The longer duration of surgery in
Groups 1 and 2 was statistically signifi-
cantly associated with BMI > 30 (Group
1, p <0.0001; Group 2, p = 0.006), blood
loss (Group 1, p < 0.0001; Group 2, p =
0.004), and duration of postoperative
hospital stay in Group 1 (p < 0.0001).
However, no effect of BMI on the dura-
tion of hospital stay was noted in Group
2 (p=044; Table 3).

An analysis of the correlation between
the quality of life, functional adaptation
index, pain in the lower extremity and
lumbar spine, as well as BMI in the first
year after surgery shows the absence
of a relationship between BMI and the
considered parameters. However, a sta-
tistically significant negative effect of
increased BMI on the parameters of back
and lower limb pain, functional adapta-
tion, and quality of life in both groups of
patients is determined starting from the
second year after surgery (Table 4).

A total of 14 % (n = 135) of compli-
cations were recorded. No statistically
significant effect of obesity on the fre-
quency of complications was observed
in our study (Table 5).

Figures 2 and 3 present data on the
influence of the type of surgical interven-
tion and BMI at the time of primary sur-
gery on the development of the adjacent
level disease. In Group 1, the frequency
of the adjacent level disease is higher in
patients with a BMI of > 30 compared
to patients with a BMI of < 30 in the
first two years and five years after the
initial surgery. In Group 2, the frequen-
cy of adjacent level disease in patients
with BMI > 30 is higher than in patients
with BMI < 30 and control group in the
period of 2-5 years after the primary
intervention.

We evaluated the impact of the CCI
on the outcomes of surgical treatment
of patients with degenerative pathology
of the lumbar spine.

All 962 patients had comorbidities:
there were 57 (5.6 %) cases of an isolated
comorbidity and 905 (94.4 %) patients
with concomitant comorbidities.

The mean CCI value was 65.6 % and
63.6 % in Groups 1 and 2, respectively.
The presence of comorbidity and elderly
age were found to statistically significant-
ly lengthen the duration of postoperative
hospital stay in Group 1 and not affect
the duration in Group 2.

We analyzed the effect of pain, func-
tional adaptation index, the presence of
comorbidity, and age on the quality of
the patient’s life (Table 0).

It can be seen that the quality of life
and functional adaptation index are asso-
ciated with pain in the leg and back in
Group 1 and 2 patients after surgety with
a high level of statistical significance. No
impact of CCI on the quality of life has

been noted. The effect of BMI on the
quality of life is observed only in the peri-
od of 1-2 years after surgery.

The effect of osteoporosis on the
quality of life and the results of surgical
treatment was evaluated in the group
of patients who had decompression
and -stabilization interventions. Osteo-
porosis was observed in 19 (12 %) out
of 163 patients who underwent decom-
pression and stabilization interventions
supplemented with polymethyl meth-
acrylate augmentation. Osteoporosis
was observed mostly in women: 89 %
(n=17) of the cases. No effect of osteo-
porosis on the quality of life was noted
after surgery. The frequency of techni-
cal complications during surgery such
as malposition of pedicle screws, cage
migration, and damage to the vertebral
endplates (p = 0.042; Fig. 5, 6) was sta-
tistically significantly associated with
0SLEOPOLOSiS.

Discussion

The impact of obesity (BMI > 30) on the
outcomes of lumbar spine surgery and
the quality of life in elderly patients is
ambiguous. For instance, studies by Aalto
and Devine [9], as well as Elsayed et al.
[12], revealed no negative effect of obesity
on the quality of life and outcomes
of surgical treatment in such patients.
Jackson et al. [22] believe that obesity is
a predictor of accelerated degenerative
changes in the intervertebral discs
and back pain. Meanwhile, the data by
Castle-Kirzbaum et al. [13] indicate no
difference in the outcomes of minimally
invasive surgeries for degenerative
spine disease in obese and non-obese
patients. However, additional studies
are required. Open traumatic surgeries
have worse outcomes and more

Table 1

Characterization of the comparison group patients using the White — Panjabi and VAS scores

Parameters

White — Panjabi instability score
VAS score: leg pain
VAS score: back pain

Group 1 (n = 625)

<5 >5
6.60 6.40
5.40 7.02

Group 2 (n = 337)
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complications in obese patients [22,
23]. In our study, all patients underwent
only minimally invasive interventions,
which allowed reducing the number
of complications and achieving good
results even in overweight elderly
patients with comorbidities due to

minor surgical trauma and the earliest
possible activation of patients. No
effects of obesity on the quality of life
and pain were observed in the first year
after surgery. A statistically significant
deterioration in the quality of life of
patients with increased BMI is noted
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Fig. 1

Density of the distribution of body mass index (BMI) in the groups of patients

starting from the second year after
surgery. This deterioration is caused by
enhanced pain in the back and lower
limb, as well as decreased functional
adaptation index in both groups of
patients (Table 6), which, in its turn, is
associated with progressive degeneration
of the operated segment (more typical
of Group 1 patients) or development
of the adjacent level disease (typical of
Group 2) two or more years after the
initial surgery. This is confirmed by the
data presented in Table 2: the mean
BMI value was 30.6 for Group 1 patients
at the time of primary surgery, it was
statistically significantly increased to 35.0
at the time of the second intervention.
Repeated operations are more often
performed in patients of the both groups
with a BMI of > 30.

We found that obese patients
(BMI > 30) are more likely to have
decompression and stabilization inter-
ventions (68 %) compared to patients
with a BMI of < 30 (52 %), which may
indicate that obesity is a predictor of seg-
mental instability in elderly patients with
clinically significant spinal stenosis.

Lenz et al. [24] noted increased fre-
quency of adjacent segment disease in

Table 2
Comparison of body mass index (BMI) in the patients with and without repeated surgeries
Postopera- BMI at the time of the first BMI at the time of BMI at the time of Level of statistical Level of
tive period surgery in patients without the first surgery in the second surgery in significance p, statistical
repeated interventions patients with repeated patients with repeated comparison significance p,
before the considered period interventions interventions (1) —(3) comparison
(1) (2) (3) (1) —(2)

Group 1

<1 year 30.6/30.0 31.2/30.5 30.5/30.1 0.94 0.55
[26.7; 33.6] [27.9; 34.7] [26.8; 34.0]

1—-2 years 30.6/30.1 32.4/32.1 32.5/32.5 0.19 0.20
[27.0; 33.6] [28.8; 35.8] [28.0; 35.9]

2—3 years 30.6/30.3 34.6/35.3 35.0/35.8 0.026 0.06
[27.0; 33.7] [30.5; 38.2] [31.9; 37.3]

Group 2

<1 year 33.2/32.9 32.7/32.8 32.2/31.5 0.67 0.95
[28.8; 36.6] [29.2; 36.6] [27.6; 36.6]

1—2 years 33.2/32.9 36.2/37.4 34.8/36.1 0.25 0.10
[29.0; 36.3] [36.6; 39.2] [35.1; 37.9]

2—3 years 33.3/33.1 36.7/36.3 36.7/38.6 0.19 0.21
[29.0; 36.2] [34.2; 38.9] [35.1; 40.2]
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patients with obesity after pedicle screw
fixation, which is also consistent with our
data. In our study, the incidence rate of
adjacent level disease in Group 2 patients
with a BMI of >30 is higher compared to
patients with a BMI of <30 in the peri-
od of 2-5 years after the initial surgery
(Fig. 2, 3). There was no statistically sig-
nificant difference in the frequency rate
of adjacent level disease in obese and
non-obese patients. However, trend lines
indicate an increase in the frequency of
adjacent level disease with an increase in
BMLI. Further accumulation of the clinical
data is required.

A number of studies [7, 13, 22] stat-
ed that obesity statistically significant-
ly increases the frequency of repeated
operations due to progressive degenera-
tion of the operated segment and adja-
cent level disease. In our study, repeated
surgeries were performed more often in
Group 1 patients in the first two years
after the primary surgery due to progres-
sive degeneration of the operated seg-
ment. However, in Group 2, repeated
interventions are more often performed
starting from the third year after the pri-

mary surgery, which is due to adjacent
segment disease.

McClendon et al., Castle-Kirzbaum
etal, Jackson et al,, and Aleksanyan et al.
[7, 13, 19, 25] noted in their studies that
obesity statistically significantly increases
postoperative hospital stay, blood loss,
and surgery duration, which is also con-
sistent with our data: obesity (BMI > 30)
significantly increases blood loss and the
duration of surgery in both groups of
patients (Table 3). In our study, obesi-
ty statistically significantly (p < 0.0001)
increased the duration of postopera-
tive hospital stay only in the group with
decompressive interventions, while no
such dependence was found in the group
with decompression and stabilization
interventions. Apparently, this is due to
a longer hospital stay of patients after
instrumented stabilization, while patients
who have had decompression interven-
tions usually have a shorter postoperative
hospital stay and increased BMI, which
can reduce the patient’s physical activity,
increase pain in the early postoperative
period, and lengthen the hospital stay.

The quality of life, functional adapta-
tion index, as well as pain in the lower
limb and lumbar spine do not depend
on BMI in the first year after surgery.
However, a statistically significant nega-
tive effect of increased BMI on the pain
in the back and lower limb, functional
adaptation, and the quality of life is not-
ed in both groups of patients starting
from the second year after surgery |7, 10,
13, 22,23, 25].

In the work of Chapin et al. [11],
the outcomes of surgical treatment in
patients with BMI = 30-40 did not differ
from those for no-obese patients; how-
ever, morbid obesity (BMI > 40) statisti-
cally significantly worsened the surgery
outcome. Works by Castle-Kirzbaum et al.
[13], Jackson et al. [22], and Aleksanyan
et al. [25] indicate an increase in the fre-
quency of surgical site infection (SSI) to
15 %, the risk of major and minor somatic
complications, surgical complications
(intraoperative durotomy and epidural
hematoma) in obesity and open surgery
up to 4.9%. However, the data obtained
by Senker et al. [26] suggest that obesity
does not affect the incidence of surgical

Table 3

The effect of body mass index (BMI) on postoperative hospital stay, blood loss, and surgery duration

Parameter BMI correlations in Group 1 BMI correlations in Group 2
Spearman Level of statistical Spearman Level of statistical
correlation (r) significance (p) correlation (r) significance (p)
Hospital stay, days 0.16 0.0001 0.04 0.4400
Duration of surgery 0.26 0.0001 0.15 0.0060
Blood loss 0.22 0.0001 0.16 0.0040
Table 4

Effect of body mass index (BMI) on pain in the lower limb, lumbar spine, physical activity, and quality of life during the second year after surgery

Parameter BMI correlations in Group 1 BMI correlations in Group 2
Spearman Level of statistical Spearman Level of statistical
correlation (r) significance (p) correlation (r) significance (p)
VAS score: back pain 0.21 0.042 0.10 0.420
VAS score: leg pain 0.27 0.009 0.29 0.022
ODI 0.18 0.080 0.27 0.034
SF-36 PH -0.27 0.024 -0.36 0.021
SF-36 MH -0.19 0.110 -0.35 0.024
35
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Table 5

Frequency of complications depending on the patient’s body mass index (BMI)

Complications

Increased neurological deficit after surgery
Dura mater injury

Postoperative CSF leakage

Endplate damage

Pneumonia, bronchitis

Vein thrombosis of the lower extremities, PATE
Urinary infection

Pedicle screw malposition

Cage migration

Incomplete decompression

Epidural hematoma

Wound failure, SSI

Major artery damage

Myocardial infarction

Pseudarthrosis

Screw breakage

Recurrence of stenosis

Group 1
BMI < 30 BMI > 30
(n = 308) (n=317)

=
=

N
[SN)
[\
S

©O O O O O N & OO O o o o =

Glelala|l=|]l>l=|lo|l@|l@|lw|lo|=@2 |2

=
9;]

BMI < 30
(n = 108)

ml=l1ael=l@|l@el@|@]|@|wu]|@]|—=|@|w]|= | e |k

Group 2 Level of statistical
BMI > 30

(n = 229)

significance (p)

4 1.00
10 0.30
1.00
0.68

0.32
1.00
0.26
1.00
0.12
1.00
1.00
1.00
0.32
1.00
0.54
0.30

- o o & =
=)

=
©

D =, N O O = N O N

%
3.0

2.5

2.0

1.54

1.0+

0.5

0.0 T
<1 year 1—-2 years

Group 1, BMI <30

linear trend (BMI < 30)

2—3 years

—@&— Group 1, BMI > 30

3—4 years 4—5 years

linear trend (BMI > 30)

Fig. 2

Development of adjacent level disease in Group 1 patients depending on the period
after the initial surgery and body mass index (BMI), trend lines

complications. No increase in the fre-
quency of infection and other surgical
complications in obese patients were
noted in our study. Apparently, this is

due to the minimally invasive and sin-
gle-level nature of operations associated
with minimal surgical trauma, while in
the studied literature, surgical interven-
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tions on the spine were either multilevel
oropen [7, 13, 22].

Repeated surgical interventions in
obese patients were performed more
often in Group 1 in the first two years
after the initial operation due to pro-
gressive degeneration of the operated
segment. However, repeated interven-
tions were more common in Group 2
patients starting from the third year
after primary surgery due to the devel-
opment of adjacent segment disease.

Rihn et al. and Djurasovic et al. [27,
28] did not reveal a deterioration in the
quality of life of obese patients after
surgery. However, other studies [25, 29,
30] reported decreased quality of life
after surgery in obese patients. In our
study, ODI and SF-36 questionnaires
revealed no negative impact of obesity
on the quality of life in the first year
after surgery. However, a statistically
significant negative effect of obesity
on the pain in the back and lower limb,
as well as functional adaptation, and
the quality of life was found in both
groups starting from the second year
after surgery.
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Deyo et al. [5] established the follow-
ing major predictors of complications in
elderly patients who underwent surgery
for spinal stenosis: age, severe comorbid-
ity, the use of steroid hormones, planned

multilevel stabilization surgety, and insu-
lin-dependent diabetes mellitus.

Other studies indicate a slight effect of
comorbidity and age on the surgery out-
come [3, 4, 6, 8, 11]. The authors empha-

2.2

1.2
0.9 -~ -
0'0 T T T 1 = . 1

< 1year 1—-2 years

2—3years 3—4years 4—5 years

=l Group 2, BMI < 30
= = = linear trend (BMI < 30)

—@®— Group 2, BMI > 30
= = = linear trend (BMI > 30)

Puc. 3
Development of adjacent level disease in Group 2 patients depending on the period
after the initial surgery and body mass index (BMI), trend lines

Fig. 4

Radiographs, CT and MRI scans of the patient D., aged 73 years, with spondylolisthesis
of the L4 vertebra, central stenosis of L4-L5, and neurogenic intermittent claudication;
transforaminal bilateral decompression of the nerve roots, interbody fusion surgery
using the TLIF technique, and pedicle fixation at the L4-L5 level were performed:
a — before surgery; b — two years after surgery: adjacent level disease in the form
of degenerative central stenosis at the L3-L4 level and neurogenic intermittent
claudication
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size that a comorbidity practically does

not affect the results of surgical interven-
tion in case if effective drug treatment is

used, which is also confirmed by our data.
No effect of CCI on the quality of life was

observed in both groups of patients.

We did not reveal any negative effect
of comorbidity on the quality of the
patients’ life after surgery. We found that
the presence of comorbidity and eldetly
age statistically significantly lengthen the
duration of postoperative hospital stay
in Group 1.

This dependence is due to the fact
that the period of postoperative hospi-
tal stay is less in Group 1 than in Group
2 due to less surgical trauma received.
Hence, decompensated comorbidity can
lengthen the hospital stay after surgery.
In Group 2, the period of postoperative
hospital stay is longer due to the great-
er invasiveness of surgical intervention
and intense pain. For this reason, even
decompensated comorbidity does not
significantly affect the length of hospi-
tal stay.

The incidence of osteoporosis in
elderly and senile patients is 28 % [31].
In our patients, the frequency of osteo-
porosis was 23.8 %. However, the effect
of osteoporosis on the results of decom-

T-criterion

04 o

o
T T

+

Complications No complications

Fig. 5

T-criterion values in the group with
complications: -1.41/-1.45 [-1.8;
1.13] and in the group without
complications: -0.92/-045 [-1.8; 0.0];
p=10.042
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Table 6

Relation between the quality of the patient’s life and body mass index (BMI), somatic state (CCI), and pain syndrome (VAS)

Postoperative

period VAS score: back pain
ODI (Group 1)

<1 year r=0.60 (p < 10°1°)
1—2 years r=0.71 (p < 10°10)
2—3 years r=0.64(p<107)
ODI (Group 2)

<1 year r=0.55 (p < 10°12)
1—2 years r=0.60 (p < 10%)
2—3 years r=0.85(p< 10%)

SF-36 PH + SF-36 MH (Group 1)

<1 year r=-0.56 (p < 10°15)
1—2 years r=-0.63 (p< 1079)
2—3 years r=-0.55 (p < 103)

SF-36 PH + SF-36 MH (Group 2)

r correlation value (level of statistical significance, p)

VAS score: leg pain

r=0.56 (p < 10°1%)
r=0.61 (p< 1010)
r=0.71 (p < 10'10)

r=0.63 (p< 10°1%)
r=0.79 (p < 10'1%)
r=0.20 (p = 0.50)/
r=0.32 (p =0.10)

r=-0.55 (p < 10715)
r=-0.56 (p< 107)
r=-0.70 (p < 107)

r=-0.61 (p < 10710)
r=-0.75 (p < 10°8)

CCI

r=-0.17 (p = 0.01)
r=0.05 (p = 0.64)
r = -0.07 (p = 0.58)

r=-0.09 (p = 0.28)
r=-0.16 (p = 0.23)
r=-0.30 (p = 0.35)

r=0.13 (p = 0.07)
r=-0.01 (p = 0.90)
r=-0.21 (p = 0.24)

r=0.15(p =0.15)
r=0.08 (p = 0.63)

BMI

r=0.11 (p = 0.09)
r=0.20 (p = 0.04)
r=0.13 (p =0.31)

r=0.02 (p = 0.83)
r=0.30 (p = 0.02)
r=0.31 (p =0.28)

r=-0.05 (p = 0.47)
r=-0.30 (p = 0.02)
r=-0.08 (p = 0.68)

r = -0.04 (p=0.66)
r=-0.37 (p = 0.02)

<1 years r=-0.56 (p < 10°8)
1—2 years r=-0.55(p< 10%)
2—3 years r=-0.77 (p = 0.001)

r=-0.16 (p = 0.59)/
r=0.09 (p = 0.66)

r=0.03 (p = 0.93)

r=-0.37 (p = 0.20)

pression and stabilization interventions
in patients with degenerative changes
in the spine, which are characterized by
the failure of pedicle screw instrumenta-
tion, formation of pseudarthrosis, and
increased spinal pain syndrome, has been
established in the literature [32—-34].

In our study, augmented pedicle
screws were installed in all patients with
osteoporosis (T-criterion of -2.5 and
below), which allowed avoiding failure
of pedicle screw instrumentation, pseud-
arthrosis, and the negative effect of the
results of surgery on the quality of life,
which is consistent with the data by Dai
et al,, Fischer et al,, and Tome-Bernejo
et al. [32-34]. We noted a statistically
significant impact of osteoporosis on
the frequency of technical complications,

such as malposition of pedicle screws,
cage migration, and damage to the verte-
bral endplates in our patients (p < 0.05).

Conclusion

1. Obesity is a predictor of segmental
instability in elderly patients with clini-
cally significant spinal stenosis.

2. Repeated operations in the group
with decompressive interventions in the
first two years after the primary surgery is
mainly due to the progressive degenera-
tion of the operated segment.

3. Repeated operations in the group
of decompression and stabilization
interventions 3—4 years after the initial
surgery is mainly due to adjacent level
disease.

38

4. Obesity statistically significantly
increases the duration of surgery, blood
loss, and postoperative hospital stay.

5. Obesity statistically significantly
worsens the quality of life of both groups
of patients starting from the second year
after surgery due to pain in the back and
lower extremities.

0. The use of minimally invasive
technologies in the treatment of elderly
patients with degenerative spinal steno-
sis provides good and excellent clinical
results with a minimum of complications.

The study was not supported by a specific funding.
The authors state that there is no conflict of interest.
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Fig. 6

Technical complications of transforaminal interbody fusion using the TLIF technique
and pedicle screw fixation and associated with osteoporosis: a — malposition of a
pedicle screw; b — damage to the vertebral endplate; ¢ — cage migration

39

DEGENERATIVE DISEASES OF THE SPINE



HIRURGIA POZVONOCHNIKA 2020;17(2):31-42

V.S. KLIMOV ET AL. THE INFLUENCE OF COMORBIDITY ON THE RESULTS OF SURGICAL TREATMENT OF IN ELDERLY AND SENILE PATIENTS

References

(o))

Adogwa O, Carr KR, Kudyba K, Karikari I, Bagley AC, Gokaslan LZ, Theo-
dore N, Cheng SJ. Revision lumbar surgery in elderly patients with symptomatic
pseudarthrosis, adjacent-segment disease, or same-level recurrent stenosis. Two-year
outcomes and clinical efficacy: clinical article. ] Neurosurg Spine. 2013;18:139-146.
DOL: 10.3171/2012.11.spine12224.

Mannion AF, Fekete TF, Porchet F, Haschtmann D, Jeszenszky D, Klein-
stuck FS. The influence of comorbidity on the risks and benefits of spine surgery for
degenerative lumbar disorders.Eur Spine J. 2014;23(Suppl 1):566-S71. DOL 10.1007/
500586-014-3189-y.

Arinzon Z, Adunsky A, Fidelman Z, Gepstein R. Outcomes of decompression sur-
gery for lumbar spinal stenosis in elderly diabetic patients. Eur Spine J. 2004;13:32-37.
DOI: 10.1007/500586-003-0643-7.

Cassinelli E, Eubanks J, Vogt M, Furey C, Yoo J, Bohlman H. Risk factors for
the development of perioperative complications in elderly patients undergoing lumbar
decompression and arthrodesis for spinal stenosis: an analysis of 166 patients. Spine.
2007;32:230-235. DOIL 10.1097/01.brs.0000251918.19508.b3.

Deyo R, Hickam D, Duckart J, Piedra M. Complications after surgery for lum-
bar stenosis in a veteran population. Spine. 2013;38:1695-1702. DOIL: 10.1097/
brs.0b013e31829f65¢1.

Jakola A, Sorlie A, Gulati S, Nygaard O, Lydersen S, Solberg T. Clinical out-
comes and safety assessment in elderly patients undergoing decompressive lam-
inectomy for lumbar spinal stenosis: a prospective study. BMC Surg. 2010;10:34.
DOL 10.1186/1471-2482-10-34.

McClendon J Jr, Smith TR, Thompson SE, Sugrue PA, O shaughnessy BA,
Ondra SL, Koski TR. The impact of body mass index on hospital stay and com-
plications after spinal fusion.Neurosurgery. 2014;74:42-50. DOI: 10.1227/
neu.0000000000000195.

Morgalla MN, Noak N, Merkle M, Tatagiba M. Lumbar spinal stenosis in elderly
patients: is a unilateral microsurgical approach sufficient for decompression? ] Neuro-
surg Spine. 2011;14:305-312. DOI: 10.3171/2010.10.5pine09708.

Aalto TJ, Malmivaara A, Kovacs F, Herno A, Alen M, Salmi L, Kroger H,
Andrade J, Jimenez R, Tapaninaho A, Turunen V, Savolainen S, Airaksinen O.
Preoperative predictors for postoperative clinical outcome in lumbar spinal stenosis:
systematic review. Spine. 2006;31:E648-E663. DOL 10.1097/01.brs.0000231727.88477.da.

. Chan AK, Bisson EF, Mohamad B, Glassman SD, Foley KT, Potts EA, Shaf-

frey CI, Shaffrey ME, Coric D, Knightly JJ, Park P, Fu Kai-Ming, Slotkin JR,
Asher AL, Virk MS, Kerezoudis P, Chotai S, DiGiorgio AM, Chan AY, Haid RW,
Mummaneni PV. Women fare best following surgery for degenerative lumbar spon-
dylolisthesis: a comparison of the most and least satisfied patients utilizing data from
the Quality Outcomes Database. Neurosurg Focus. 2018;44:E3. DOIL: 10.3171/2017.10.
FOCUS17553.

. Chapin L, Ward K, Ryken T. Preoperative depression, smoking, and employment sta-

tus are significant factors in patient satisfaction after lumbar spine surgery. Clin Spine
Surg. 2017;30:E725-E732.DOL: 10.1097/BSD.0000000000000331.

. Elsayed G, Davis MC, Dupepe EC, McCluggage SG, Szerlip P, Walters BC, Had-

ley MN. Obese (body mass index > 30) patients have greater functional improvement
and reach equivalent outcomes at 12 months following decompression surgery for
symptomatic lumbar stenosis. World Neurosurg.2017;105:884-894. DOL 10.1016/j.
wneu.2017.06.072.

. Castle-Kirszbaum MD, Tee JW, Chan P, Hunn MK. Obesity in neurosurgery: a nat-

rative review of the literature. World Neurosurg. 2017;106:790-805. DOL 10.1016/j.
wneu.2017.06.049.

40

20.

21.

23.

24,

25.

20.

27.

28.

29.

30.

3L

32.

. Cobb JR. Outline for the study of scoliosis. Am Acad Orthop Surg Inst Course

Lect1948,5:261-275.

. White AA, Panjabi MM. Clinical Biomechanics of the Spine. 2nd ed. Philadelphia, Pa:

JB Lippincott Co, 1990:351-354.

. Hayes MH, Paterson DG. Experimental development of the graphic rating method.

Psychological Bulletin, 1921;18:98-99.

. Fairbank JC, Couper J, Davies JB, O’Brien JP. The Oswestry low back pain dis-

ability questionnaire. Physiotherapy. 1980,66:271-273.

. Ware JE, Sherbourne CD. The MOS 36-item short form health survey (SF36). L. Con-

ceptual framework and item selection. Med Care. 1992;30:473-483.

. Charlson ME, Pompei P, Ales KL, McKenzie CR. A new method of classifying prog-

nostic comorbidity in longitudinal studies: development and validation. J Chronic Dis.
1987;40:373-383. DOI: 10.1016/0021-9681(87)90171-8.

De Groot V, Beckerman H, Lankhorst GJ, Bouter LM. How to measure comor-
bidity: a critical review of available methods. J Clin Epidemiol. 2003;56:221-229.
DO 10.1016/50895-4356(02)00585-1.

R Core Team. R: A language and environment for statistical computing. R Founda-
tion for Statistical Computing, Vienna, Austria, 2019. [Electronic resource]. URL: https://

www.R-project.org.

. Jackson LK, Devine JG. The Effects of obesity on spine surgery: a systematic review

of the literature. GlobalSpine J. 2016;6:394-400. DOL 10.1055/5-0035-1570750.
BriBansues B.A., Karunun A.A. Minimally invasive dorsal decompression-
stabilization surgery in patients with overweight and obesity. Zh Vopr NeirokhitIm
NN Burdenko. 2018;5:69-80. In Russian.DOL: 10.17116/neiro20188205169.

Lenz M, Meyer C, Boese CK, Siewe J, Eysel P, Scheyerer MJ. The impact of obe-
sity measured by outer abdominal fat on instability of the adjacent segments after rigid
pedicle screw fixation. Orthop Rev (Pavia). 2018;10:7684. DOL 10.4081/01.2018.7684.
Aleksanyan MM, Kheilo AL, Mikaelian KP, Gemdzhian EG, Aganesov AG.
Microsurgical discectomy in the lumbar spine: efficiency, pain syndrome and obesity.
Hir. Pozvonoc. 2018;15(1):42-48. In Russian. DOL: 10.14531/5s2018.1.42-48.

Senker W, Stefanits H, Gmeiner M, Trutschnig W, Weinfurter I, Gruber A.
Does obesity affect perioperative and postoperative morbidity and complication rates
after minimal access spinal technologies in surgery for lumbar degenerative disc di-
sease? World Neurosurg. 2018;111:¢374-¢385. DOL 10.1016/j.wneu.2017.12.075.
Rihn JA, Radcliff K, Hilibrand AS, Anderson DT, Zhao W, Lurie J, Vaccaro AR,
Freedman MK, Albert TJ, Weinstein JN. Does obesity affect outcomes of treat-
ment for lumbar stenosis and degenerative spondylolisthesis? Ana
Patient Outcomes Research Trial (SPORT).Spine. 2012;37:1933-1946. DOL 10.1097/
BRS.0b013¢31825¢21b2.

Djurasovic M, Bratcher KR, Glassman SD, Dimar JR, Carreon LY. The effect

lysis of the Spine

of obesity on clinical outcomes after lumbar fusion.Spine. 2008;33:1789-1792.
DOL 10.1097/BRS.0b013¢31817b8f0f.

Knutsson B, Michaelsson K, Sanden B. Obesity is associated with inferior results
after surgery for lumbar spinal stenosis: a study of 2633 patients from the Swedish spine
register. Spine. 2013;38:435-441. DOIL 10.1097/BRS.0b013€318270b243.

Rihn JA, Kurd M, Hilibrand AS, Lurie J, Zhao W, Albert T, Weinstein J. The
influence of obesity on the outcome of treatment of lumbar disc herniation: analysis of
the Spine Patient Outcomes Research Trial (SPORT). ] Bone Joint Surg Am. 2013;95:1-8.
DO 10.2106/JBJSK.01558.

Vijayakumar R, Busselberg D. Osteoporosis: An under-recognized public health
problem. ] Local Glob Health Sci. 2016:2. DOL 10.5339/jlghs.2016.2.

Dai F, Liu Y, Zhang F, Sun D, Luo F, Zhang Z, Xu J. Surgical treatment of the
osteoporotic spine with bone cement-injectable cannulated pedicle screw fixation:

DEGENERATIVE DISEASES OF THE SPINE



HIRURGIA POZVONOCHNIKA 2020:17(2):31-42
V.S. KLIMOV ET AL. THE INFLUENCE OF COMORBIDITY ON THE RESULTS OF SURGICAL TREATMENT OF IN ELDERLY AND SENILE PATIENTS

technical description and preliminary application in 43 patients. Clinics (Sao Paulo). Address correspondence to:
2015;70:114-119. DOL 10.6061 /clinics/2015(02)08. Khalepa Roman Vladimirovich
33. Fischer RC, Hanson G, Eller M, Lehman RA. A systematic review of treatment Federal Center of Neurosurgery,
strategies for degenerative lumbar spine fusion surgery in patients with osteoporosis. 132/1 Nemirovicha-Danchenko str., Novosibirsk, 630087, Russia,

Geriatr Orthop Surg Rehabil. 2016;7:188-196. DOIL 10.1177/2151458516669204. romkha@mail.ru
34. Tome-Bermejo F, Pinera AR, Alvarez-Galovich L. Osteoporosis and the manage-
ment of spinal degenerative disease (I). Arch Bone Jt Surg. 2017;5:272-282. Received 21.01.2020

Review completed 18.02.2020
Passed for printing 21.02.2020

Viadimir Sergeyevich Klimov, MD, PbD, Head of Spinal Neurosurgical Department No. 2, Federal Center of Neurosurgery, 132/1 Nemirovicha-Danchenko str., No-
vosibirsk, 630087, Russia; associate professor of the Department of neurosurgery, Novosibirsk State Medical University, 52 Krasny Prospekt, Novosibirsk, 630091,
Russia, ORCID: 0000-0002-9096-7594, v_klimov@neuronsk.ru;

Roman Viadimirovich Kbalepa, neurosurgeon of spinal neurosurgical depariment, Federal Center of Neurosurgery, 132/1 Nemirovich-Danchenko str., Novosibirsk,
630087, Russia, ORCID: 0000-0003-0046-6612, romkba@mail.ru;

Eugeniya Valeryevna Amelina, PhD in Physics and Mathematics, researcher of Stream Data Analytics and Machine Learning Laboratory, Novosibirsk State University,
1 Pirogova str., Novosibirsk, 630090, Russia, ORCID: 0000-0001-7537-3846, amelina.evgenia@gmail.com;

Aleksey Viadimirovich Evsyukov, MD, PhD, neurosurgeon, Spinal Neurosurgical Department, Federal Center of Neurosurgery, 132/1 Nemirovicha-Danchenko sir.,
Novosibirsk, 630087, Russia, ORCID: 0000-0001-8583-0270, a_evsyukov @neuronsk.ru;

Ivan Igorevich Vasilenko, neurosurgeon of Spinal Neurosurgical Department, Federal Center of Neurosurgery, 132/1 Nemirovicha-Danchenko sir., Novosibirsk,
630087, Russia, ORCID: 0000-0002-4781-3848, i_vasilenko@neuronsk.ru;

Jamil Afetovich Rzaev, DMSc, Chief Doctor of Federal Center of Neurosurgery, 132/1 Nemirovicha-Danchenko str., Novosibirsk, 630087, Russia; associate pro-
fessor of the Department of Neuroscience, Institute of Medicine and Psychology, Novosibirsk State University, 1 Pirogova str., Novosibirsk, 630090, Russia,
ORCID: 0000-0002-1209-8960, d_rzaev@neuronsk.ri.

41

DEGENERATIVE DISEASES OF THE SPINE




HIRURGIA POZVONOCHNIKA 2020;17(2):31-42

V.S. KLIMOV ET AL. THE INFLUENCE OF COMORBIDITY ON THE RESULTS OF SURGICAL TREATMENT OF IN ELDERLY AND SENILE PATIENTS

42

DEGENERATIVE DISEASES OF THE SPINE



