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Perioperative risk factors related D
to complications of lumbar spine fusion
surgery in elderly patients
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Abstract
Purpose To analyze the perioperative risk factors related to lumbar spine fusion surgery in elderly patients.

Methods 202 elderly patients (age range 77-92 years old) who have underwent lumbar spinal fusion surgeries
between January 2019 and June 2021 were retrospectively investigated. Information of age, sex, comorbidity, fixation
segments, operation time, surgical blood loss and perioperative complications during hospitalization were collected.
Risk factors for complications were analyzed. Student’s t-test, chi-square test, Mann-Whitney U-test and multivariate
generalized linear models were used.

Results In this study, 31 patients presented complications (15.3%) in these elderly patients with an average

age of 79.1 years, including 1 patient with intraoperative complication and 30 patients with postoperative
complications; and 2 out of 31 patients (1%) died. The elderly patients were divided into group A (24 patients) with
major postoperative complications and group B (178 patients) without major postoperative complications. Major
postoperative complications were significantly associated with age (univariate analysis, t=3.92, P<0.001; multivariate
analysis, OR=1.323, 95%C/ 1.126-1.554, P=0.001), but not significantly associated with other factors tested (sex,
comorbidity, fixation segments, operation time, surgical blood loss). Then 173 patients (range 77-81 years) were
selected and the rate of major postoperative complications of each age from 78 to 81 years was compared with that
of 77 years patients, respectively. We found that the ratios of complications at 80 years (OR=10.000, P=0.019) and 81
years (OR=10.000, P=0.009) were higher than the ratio at 77 years.

Conclusions Although with great progress of medical technology, increasing age was still the independent risk
factor for major postoperative complications in elderly patients undergoing lumbar spinal fusion surgery. As for the
incidence of major postoperative complications, 80 and 81 years old patients was 10 folds higher than that of 77 years
old patients, reminding us to pay more attention to 80 years old and even older patients.
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Currently, the global population is experiencing a shift
in its age structure due to decreasing fertility rates and
increasing longevity. The World Health Organization has
given new standards for old age: people between 60 and
74 are called young elderly, and people older than 74 are
called elderly. As a result of the population aging, there is
a remarkable change in the cause of disease and mortal-
ity. This is referred to the “epidemiological transition” and
reflects the evolution from infections, parasitic and nutri-
tional deficiency diseases to chronic and degenerative
diseases [1]. Although spinal disorders are not typically
regarded as life threatening, they can lead to chronic pain
and significant limitation of activity, which will exten-
sively affect working ability and the quality of life [2, 3].

An accurate assessment of the potential morbidi-
ties associated with spinal procedures is necessary to
guide treatment. The symptomatic lumbar spinal dis-
ease should be treated individually irrespective of patient
age. Conservative treatment such as medication, physi-
cal therapy, and steroid injection may relieve the symp-
toms in some cases [4]. However, surgical treatment, and
even fusion surgery, is typically needed for medically
refractory cases with moderate to severe lumbar spinal
disease. Posterior lumbar interbody fusion (PLIF) is a
common technique for treating degenerative lumbar dis-
eases. PLIF involves the effects to decompress the neu-
ral elements and stabilize the affected segment [5]. PLIF
has generally been indicated for patients younger than
70 years old, however, it is being performed increasingly
for patients older than 70 years old which may due to the
improved technique of surgeons, medical treatments and
devices [6-8].

Spinal surgery in the elderly has historically been
thought to be associated with an increased risk for peri-
operative complications [7, 8]. But several studies have
shown that elderly patients have similar complication
rates and clinical outcomes after lumbar decompres-
sion and/or fusion procedures compared with younger
patients [9-12]. It is an important issue for spinal sur-
geons to ensure the safety, as well as the effectiveness of
geriatric patients’ surgeries. It is generally accepted that
older age, longer operation time, more surgical blood loss
and larger surgeries might lead to higher risks for com-
plications. However, what’s the fact indeed? Especially for
patients of 80 years old or even older, does the increased
age affect the risks for lumbar spine fusion surgery?
Therefore, the present study aimed to analyze the periop-
erative risk factors related to lumbar spine fusion surgery
in elderly patients.

Materials and methods

Study design and inclusion criteria

In this study, 202 patients (age range 77-92 years old)
who were underwent posterior lumbar intervertebral
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fusion surgery from January 2019 to June 2021
were selected. The inclusion criteria were (1) age of
patients>=77 years old (2) patients were underwent
posterior lumbar intervertebral fusion surgery in our
department from January 2019 to June 2021. The exclu-
sion criteria were (1) patients with traumas or tumors (2)
patients with previous history of surgery. Data of age, sex,
comorbidity, fixation segments, operation time, surgi-
cal blood loss and perioperative complications were col-
lected in this study.

The study was conducted under the Declaration
of Helsinki and was approved by the Ethics Com-
mittee of Peking University People’s Hospital (No.
2019PHB186-01). Informed written consent was
obtained from all patients before their enrollment in the
study.

Research data

A complication was defined as any event requiring spe-
cific management during the perioperative period,
including the intraoperative and postoperative periods.
Postoperative complications were further classified as
major (adversely affecting the recovery of the patient) and
minor (recorded in the medical chart but did not alter
the recovery of the patients). In our study, major postop-
erative complications included coronary artery disease/
congestive heart failure/cardiac insufficiency, pneumo-
nia, wound infection (debridement), severe arrhythmia,
neurological dysfunction (transient foot drop), athma,
Guillain-Barre syndrome, acute cerebral infarction and
deep venous thrombosis; minor postoperative complica-
tions included delirium, atrial fibrillation and incomplete
intestinal obstruction.

These elderly patients were divided into two groups:
Group A with major postoperative complications and
Group B without major postoperative complications.
Age, sex, comorbidity, fixation segments, operation time
and surgical blood loss were compared between these
two groups. Then to further study the risk of aging to
complications, patients from 77 to 81 years were selected
and rate of major postoperative complications of each age
was compared with that of 77 years patients, respectively.

Comorbidities were subdivided as following: cardio-
vascular disease (hypertension, arrhythmia, coronary
artery disease, and congestive heart failure), pulmonary
disease (lung abscess, tuberculosis, chronic obstruc-
tive pulmonary disease, asthma, pneumonia and sleep
apnea syndrome), endocrine disease (diabetes mellitus,
hypothyroidism and hyperthyroidism), nervous system
disease (cerebral infarction, cerebral hemorrhage and
Parkinson’s disease), urinary disease, hepatic diseases,
and so on [13].
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Fig. 1 Bar graph showing the population stratified by age (total number
of patients was 202)

Table 1 Complications of lumbar spine fusion surgery of elderly
patients in our research
Complications

Patients

Major
postoperative
complications

Coronary artery disease/Congestive heart 10
failure/Cardiac insufficiency

Pneumonia

Severe arrhythmia

Neurological dysfunction (transient foot
drop)

Athma

7
Wound infection (debridement) 3
2
1

Guillain-Barre syndrome

Acute cerebral infarction

Deep venous thrombosis
Minor

postoperative
complications

1
1
1
1
Delirium 4
Atrial fibrillation 3
Incomplete intestinal obstruction 1

1

Intraoperative
complications

Cerebrospinal fluid leakage

Multiple 5

Statistical analysis

All statistical analyses were performed with SPSS statisti-
cal software version 20.0 (SPSS Inc., Chicago, IL, USA).
Descriptive statistics were displayed as mean+standard
deviation (SD). Several univariate statistical analyses
were performed to estimate the association among vari-
ous factors as following: to determine the complication
difference between two groups, Student’s t-test for age;
chi-square test for comorbidity and sex, Mann-Whitney
U-test for fixation segments, operation time, surgical
blood loss. Univariate and multivariate logistic regres-
sion analysis were used to identify factors associated
with complications in elderly patients. Multivariate gen-
eralized linear models were applied to assess the rate of
major postoperative complications in 77 years patients
and older (78-81 years) patients, respectively. For each
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variable, ORs (odds ratios) and 95% CIs were calculated.
A P<0.05 was considered statistically significant.

Results

General data

During the study period from 2019 to 2021, 202 patients,
with the average age of 79.1 years (range 77-92 years),
underwent instrumented fusion surgery (Fig. 1). In this
study, 31 patients (15.3%) presented complications in
these elderly patients, including 1 patient with intraop-
erative complications and 30 patients with postopera-
tive complications (24 patients with major complications
and 6 patients with minor complications). Moreover, 2
patients of them (1%) died (Table 1). Patient 1, male, 81
years old, died of postoperative acute myocardial infarc-
tion and arrhythmia. Patient 2, female, 78 years old, died
of postoperative acute myocardial infarction, heart fail-
ure, respiratory failure and pulmonary infection.

In these patients, 99 patients (49%) were male and 103
(51%) were female. Mean operation time was 153 min-
utes and mean surgical blood loss was 365 ml. Most of
major postoperative complications (87.5%) occurred in
the first five days after operations.

Risk factors for postoperative complications

These elderly patients were divided into two groups:
group A (24 patients) with major postoperative complica-
tions and group B (178 patients) without major postop-
erative complications. There were significant differences
of age between two groups (univariate analysis, £=3.92,
P<0.001; multivariate analysis, OR=1.323, 95%CI 1.126—
1.554, P=0.001). However, major postoperative com-
plications were not significantly associated with other
factors tested (sex, comorbidity, fixation segments, oper-
ation time, surgical blood loss) (Table 2).

Preoperative comorbidities

30.69% of the patients had more than one comorbidity
(Table 3). Among the observed comorbidities the most
common problem was hypertension and other cardio-
vascular diseases, which were present preoperatively in
53.96% and 22.77% of the patients. Cardiovascular dis-
eases were subdivided into arrhythmia (8.91%), coronary
artery disease (13.86%), and congestive heart failure (0%).
Other comorbidities were pulmonary disease (7.1%), uri-
nary disease (3.96%), endocrine disease (20.3%), hepatic
disease (2.0%), nervous system (peripheral nerve, 0.6%)
and nervous system (brain, 6.93%).

Risk of aging to complications

To further study the risk of aging to complications, 173
patients from 77 to 81 years were selected and rate of
major postoperative complications of each age was com-
pared with that of 77 years patients, respectively. The
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Table 2 Results of univariate and multivariate analysis about
perioperative risk factors related to complications of lumbar
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Table 3 Preoperative comorbidities of these elderly patients in
our research

spine fusion surgery Comorbidity Patients
Parameters  Group A(24 Group Univariate  Multi- Hypertension 109(53.96%)
patients) B(1 78 variate Cardiovascular disease 46(22.77%)
patients) Arrhythmia 18(8.91%)
Age(years) 80.88+3.18 7887+223 /:_<§)90201 g;??(;;; Coronary artery disease 28 (13.86%)
050 Congestive heart failure 0
(1.126- Urinary disease 8(3.96%)
1.554) Nephrotic cancer 1
Comorbidity 19/24 132/178 P=0.596 P=0.441 Ureter stone 1
(79.2%) (74.2%) ¥ =0.281 OR=1557 Acute renal failure 0
959Cl Chronic renal failure 5
(0.505- Renal cyst 1
4.803) .
Pulmonary disease 11(7.1%)
Sex(male) 13/24 86/178 P=0.290 P=0.679 L b 0
(54.29%) (48.3%) X=0.281 OR=1.227 Ung abscess
959%(] Tuberculosis 0
(0.466—- Chronic obstructive pulmonary disease 2
3.234) Asthma 2
Fixation segments Pneumonia 6
1 4 33 P=0.848 P=0.171 Sleep apnea syndrome 1
2 13 88 7=-0.192 OR=1.466 Endocrine disease 41(20.3%)
0y
3 4 33 95%C] Diabetes Mellitus 35(17.33%)
4 1 17 (0848 Hyperthyroidi 1
2535) yperthyroidism
5 2 5 Hypothyroidism 5
6 0 1 Hepatic disease 3(2.0%)
7 0 1 Common bile duct stone 0
Operation 14794337 1540+43.1 P=0785 P=0474 Hepatitis 3
time(min) 7=-0272 OR=0.994 Liver cirrhosis 0
(905;4)7%/ Nervous system(peripheral nerve) 1(0.6%)
1 610) Nervous system(brain) 14(6.93%)
Surgical blood 349241860 367242322 P=0971 P=0809 Cerebral infarction 13
loss(mL) 7=-0036  OR=1000 Cerebral hemorrhage 0
95%Cl Parkinson's disease 1
(0.997- Multiple 62(30.69%)
1.002)
* Student’s t-test t multivariate logistic regression analysis
Adjusted HR(95% CI) p Value
. . . . . 81years vs. 77years=] e L 10.00(1.77-56.67) 0.009
number of patients with major postoperative complica-
tions in total number of patients at each age were 2/62 80years vs. T7years1 10001sees3n. 008
fOI’ 77 years, 3/44 fOI‘ 78 years, 4/35 fOI' 79 years, 3/12 fOI' 79years vs. 77years+ —a— 3.87(0.67-22.32) 0.130
80 years and 5/20 for 81 years. The results were listed
. . . . . . 78years vs. 77years=} —— 2.20(0.35-13.72) 0.400
in (Fig. 2). Compared with ratio of major postoperative
complications in 77 years old patients, 80 and 81 years S S P S &

old patients were 10.0 times, while 78 and 79 years old
patients showed no statistical differences.

Discussion

Population aging is nowadays a critical problem that will
affect people all over the world. It is predicted that by
2050, the population of the elderly people will be equal
to the population of the younger for the first time. There
will be two billion people aged 60 or over and another
two billion under age 15 [14]. The number of elderly per-
sons in China also continues to grow, with an expected

Fig. 2 Ratio of major postoperative complications compared in 77-81
years old patients

329 million older than 65 years and 120 million older
than 80 years by the year 2050. Along with an aging
population, there is an associated increase in age-related
diseases. Spinal disease is one of the most critical prob-
lems, which seriously restricts people’s activities and then
reduces patients’ quality of life. Nowadays, elderly people
have longer life, have more active lifestyles, and have a
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great desire to be pain free throughout the last decades of
life. Advances in anesthesiology, spinal instrumentation,
and postoperative care have made spinal procedures safer
with decreased morbidity and mortality and improved
clinical outcomes [15]. Additionally, these advances make
it possible to perform more extensive and complex pro-
cedures in at-risk populations, such as in elderly patients
[16]. Identifying predictors of complications or poor out-
comes in the geriatric population is important for periop-
erative risk assessment and for implementing appropriate
preventative treatments.

The relationship between age and safety of spinal fusion
surgery has historically been controversial. Investiga-
tors have found that patients aged 80 and older experi-
ence a striking increase in morbidity and mortality when
undergoing spine surgery, with mortality approaching
10% [17, 18]. A study about spinal fusion in 20 patients
aged 80 and older showed a 35% major complication
rate, which is significantly higher than reported rates in
younger patients undergoing similar procedures [19].
However, Okuda et al. found that patients older than 70
years who have undergone posterior lumbar interbody
fusion for spondylolisthesis had a 16% of complication
rate, which was not significantly different from that in
younger patients, but these authors admitted that minor
complications were excluded from their analysis [10].
Kilinger et al. also found that age did not affect the com-
plication rates of posterior lumbar interbody fusion, but
they did not report a complication rate separately for
older patients [9].

In these elderly patients with an average age of 79.1
years, 31 patients presented complications (15.3%);
moreover, 24 patients presented major postoperative
complications (11.9%), which is lower than that in several
previous retrospective studies [7, 20]. In our study, we
found that increasing age was an independent risk factor
for major postoperative complications in patients under-
going lumbar spinal fusion surgery whereas other factors
were not significant, which was meaningful for surgical
therapy of geriatric patients in future. Some preopera-
tive comorbidity-free geriatric patients underwent small
spinal surgeries unfortunately developed severe compli-
cations although their operation time were short and the
surgical blood loss were of a small amount. Therefore,
we should pay more attention to all elderly patients and
make detailed and thorough surgical plans.

In our research, we collected and analyzed clinical data
of geriatric patients with the average age of 80 years,
which was more typical than other related studies. Fur-
thermore, we found that 80 years and 81 years patients
were 10 folds higher than that of 77 years patients, which
quantified the probability of complications significantly
increased with age in elderly patients. Oldridge et al.
[21] showed an overall mortality rate of 1.3% for 34,418
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Medicare beneficiaries undergoing lumbar spine surgery,
which was twice than the previously published rates.
Besides, the mortality rate of spinal fusions exceeded 10%
for patients older than 80 years, and 80—85 years old was
identified as a threshold for a dramatic increase in mor-
bidity and mortality. From the perspective of complica-
tions, our research remind us in the background of aging
society in China, spinal surgeons should pay more atten-
tion to 80 years old and even older patients, and com-
prehensive preoperative preparations and postoperative
treatments should be required.

Based on the concept of enhanced recovery after sur-
gery (ERAS), we have adopted several strategies empiri-
cally in order to minimize perioperative complications.
For the clinical practice of operations on degenera-
tive spinal diseases, some key points were concluded as
bellows:

1. The reserved body function is low in old patients,
and relative stable conditions can be translated into
unstable conditions after certain stimulation. This
can easily result in various complications or even
death. Therefore, more comprehensive preoperative
examinations and evaluations are required.
Furthermore, patients over 80 years or accompanied
with several comorbidities are usually sent back to
intensive care unit, for more deeper care and timely
management of possible complications at early stage
[22].

2. Doctors should strictly perform medical treatments
according to indications. Meanwhile, uncontrolled
heart failure, severe arrhythmia and hypertension,
serious hepatic and renal insufficiency should be
listed as contraindications [23].

3. According to specific conditions of each patient,
doctors should not only ensure the safety and
effectiveness, but also simplify the surgery
procedures and shorten the operation time to reduce
the impact of surgical trauma and unwilling physical
response. Otherwise, complications and mortality
would markedly increase beyond patients’ bearing
capacity [24].

4. After the stage of anesthesia, stimulation like pain,
drainage tube and body position may induce major
change of cardiovascular system, including unstable
blood pressure, heart rate and rhythm. For these
conditions, appropriate composure and effective
analgesia were necessary [25].

5. Active movement of lower limbs and early
ambulation should be encouraged to prevent
deep venous thrombosis or pulmonary embolism.
Frequent roll over and patting on the back, deep
breath and cough increase ventilation to prevent
accumulation of secretion. Early ambulation could
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obviously improve cardio-pulmonary function,

promote gastro-intestinal motility [26, 27].
Although the findings of this research refer to some
important aspects of making surgical strategy, there are
several limitations. First, this study is a retrospective
analysis. Although we have seriously checked medical
records, the retrospective studies may inevitably under-
estimate the actual complication incidence through the
introduction of investigator recall bias. Second, this is a
single center study for old Chinese patients, which could
not stand for old patients in other regions of China and
other countries. Third, the highlight of this study was the
patients of older age, but in the following research, we
should expand the age range and the follow-up period
to further clarify the perioperative risk factors of lumbar
spine fusion surgery.

Increasing age was an independent risk factor for major
postoperative complications in elderly patients under-
going lumbar spinal fusion surgery whereas other fac-
tors were not significant. Considering the rate of major
postoperative complications, 80 and 81 years old patients
was 10 folds higher than that of 77 years old patients.
Although major postoperative complications were
indeed less than before, spinal surgeons still should make
more comprehensive and detailed therapeutic schedule
for elderly patients.

Abbreviations
PLIF posterior lumbar interbody fusion
ERAS  enhanced recovery after surgery

Acknowledgements
Not applicable.

Author contributions

Haiying Liu, Weiwei Xia and Chenjun Liu designed the study. Chenjun Liu,
Chen Guo, and Fangi Meng performed themeasurements. Chenjun Liu and
Zhenqi Zhu performed the analysis. Chenjun Liu, Chen Guo, and Fangi Meng
wrotethe manuscript, and Haiying Liu and Weiwei Xia revised it. All authors
discussed the resultsand commented on the manuscript.

Funding

This study was supported by National Key R&D Program of China
(N0.2020YFB1313501) and Peking University People’s Hospital Scientific
Research Development Funds(RDJ2022-32).

Data Availability
The datasets generated and analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate

The study was approved by the Medical Ethics Committee of Peking
University People’s Hospital and all patients gave written informed consent for
their information to be stored in the hospital database and used for research.

Consent for publication
Not applicable.

Page 6 of 7

Received: 20 March 2023 / Accepted: 3 July 2023
Published online: 14 July 2023

References

1. LutzW, Sanderson W, Scherbov S. The coming acceleration of global popula-
tion ageing. Nature. 2008;451:716-9. https://doi.org/10.1038/nature06516.

2. Buchbinder R, van Tulder M, Oberg B, Costa LM, Woolf A, Schoene M, et
al. Low back pain: a call for action. Lancet. 2018;391:2384-8. https://doi.
0rg/10.1016/50140-6736(18)30488-4.

3. Clark S, Horton R. Low back pain: a major global challenge. Lancet.
2018;391:2302. https://doi.org/10.1016/S0140-6736(18)30725-6.

4. Yamashita K, Ohzono K, Hiroshima K. Five-year outcomes of surgical
treatment for degenerative lumbar spinal stenosis: a prospective observa-
tional study of symptom severity at standard intervals after surgery. Spine.
2006;31:1484-90. https://doi.org/10.1097/01.brs.0000219940.26390.26.

5. Okuda S, Miyauchi A, OdaT, Haku T, Yamamoto T, Iwasaki M. Surgical
complications of posterior lumbar interbody fusion with total facetectomy
in 251 patients. J Neurosurg Spine. 2006;4:304-9. https://doi.org/10.3171/
$pi.2006.4.4.304.

6.  Carreon LY, Puno RM, Dimar JR 2nd, Glassman SD, Johnson JR. Periop-
erative complications of posterior lumbar decompression and arthrod-
esis in older adults. J Bone Joint Surg Am. 2003;85:2089-92. https://doi.
0rg/10.2106/00004623-200311000-00004.

7. Deyo RA, Cherkin DC, Loeser JD, Bigos SJ, Ciol MA. Morbidity and mortality
in association with operations on the lumbar spine. The influence of age,
diagnosis, and procedure. J Bone Joint Surg Am. 1992;74:536-43. https://doi.
0rg/10.2106/00004623-199274040-00009.

8. Deyo RA, Ciol MA, Cherkin DC, Loeser JD, Bigos SJ. Lumbar spinal
fusion. A cohort study of complications, reoperations, and resource
use in the Medicare population. Spine. 1993;18:1463-70. https://doi.
0rg/10.1097/00007632-199318110-00010.

9. Kilincer C, Steinmetz MP, Sohn MJ, Benzel EC, Bingaman W. Effects of age on
the perioperative characteristics and short-term outcome of posterior lum-
bar fusion surgery. J Neurosurg Spine. 2005;3:34-9. https://doi.org/10.3171/
$pi.2005.3.1.0034.

10. Okuda S, OdaT, Miyauchi A, Haku T, Yamamoto T, Iwasaki M. Sur-
gical outcomes of posterior lumbar interbody fusion in elderly
patients. J Bone Joint Surg Am. 2006;88:2714-20. https://doi.
0rg/10.2106/00004623-200709001-00013.

11. Ragab AA, Fye MA, Bohlman HH. Surgery of the lumbar spine for spinal ste-
nosis in 118 patients 70 years of age or older. Spine. 2003;28:348-53. https://
doi.org/10.1097/01.BRS.0000048494.66599.DF.

12. Wang MY, Green BA, Shah S, Vanni S, Levi AD. Complications associated with
lumbar stenosis surgery in patients older than 75 years of age. Neurosurg
Focus. 2003;14:e7. https://doi.org/10.3171/foc.2003.14.2.8.

13. Whitmore RG, Stephen J, Stein SC, Campbell PG, Yadla S, Harrop JS, et al.
Patient comorbidities and complications after spinal surgery: a societal-
based cost analysis. Spine. 2012;37:1065-71. https://doi.org/10.1097/
BRS.0b013e31823da22d.

14.  Harper S. Economic and social implications of aging societies. Science.
2014;346:587-91. https://doi.org/10.1126/science.1254405.

15. Lagman C, Ugiliweneza B, Boakye M, Drazin D. Spine surgery outcomes in
Elderly Patients Versus General Adult Patients in the United States: a Mar-
ketScan Analysis. World Neurosurg. 2017;103:780-8. https://doi.org/10.1016/].
wneu.2017.04.001.

16.  Cloyd JM, Acosta FL Jr, Cloyd C, Ames CP. Effects of age on periopera-
tive complications of extensive multilevel thoracolumbar spinal fusion
surgery. J Neurosurg Spine. 2010;12:402-8. https://doi.org/10.3171/2009.10.
SPINE08741.

17. Fujii K, Henmi T, Kanematsu Y, Mishiro T, Sakai T. Surgical treatment of lumbar
disc herniation in elderly patients. J Bone Joint Surg Br. 2003;85:1146-50.
https://doi.org/10.1302/0301-620X.85B8.14625.

18.  Silvers HR, Lewis PJ, Asch HL. Decompressive lumbar laminectomy for
spinal stenosis. J Neurosurg. 1993;78:695-701. https://doi.org/10.3171/
jns.1993.78.5.0695.

19. Raffo CS, Lauerman WC. Predicting morbidity and mortality of lumbar spine
arthrodesis in patients in their ninth decade. Spine. 2006;31:99-103. https://
doi.org/10.1097/01.brs.0000192678.25586.€5.


https://doi.org/10.1038/nature06516
https://doi.org/10.1016/S0140-6736(18)30488-4
https://doi.org/10.1016/S0140-6736(18)30488-4
https://doi.org/10.1016/S0140-6736(18)30725-6
https://doi.org/10.1097/01.brs.0000219940.26390.26
https://doi.org/10.3171/spi.2006.4.4.304
https://doi.org/10.3171/spi.2006.4.4.304
https://doi.org/10.2106/00004623-200311000-00004
https://doi.org/10.2106/00004623-200311000-00004
https://doi.org/10.2106/00004623-199274040-00009
https://doi.org/10.2106/00004623-199274040-00009
https://doi.org/10.1097/00007632-199318110-00010
https://doi.org/10.1097/00007632-199318110-00010
https://doi.org/10.3171/spi.2005.3.1.0034
https://doi.org/10.3171/spi.2005.3.1.0034
https://doi.org/10.2106/00004623-200709001-00013
https://doi.org/10.2106/00004623-200709001-00013
https://doi.org/10.1097/01.BRS.0000048494.66599.DF
https://doi.org/10.1097/01.BRS.0000048494.66599.DF
https://doi.org/10.3171/foc.2003.14.2.8
https://doi.org/10.1097/BRS.0b013e31823da22d
https://doi.org/10.1097/BRS.0b013e31823da22d
https://doi.org/10.1126/science.1254405
https://doi.org/10.1016/j.wneu.2017.04.001
https://doi.org/10.1016/j.wneu.2017.04.001
https://doi.org/10.3171/2009.10.SPINE08741
https://doi.org/10.3171/2009.10.SPINE08741
https://doi.org/10.1302/0301-620X.85B8.14625
https://doi.org/10.3171/jns.1993.78.5.0695
https://doi.org/10.3171/jns.1993.78.5.0695
https://doi.org/10.1097/01.brs.0000192678.25586.e5
https://doi.org/10.1097/01.brs.0000192678.25586.e5

Liu et al. BMC Musculoskeletal Disorders

20.

22.

23.

24,

(2023) 24:573

Wang MC, Chan L, Maiman DJ, Kreuter W, Deyo RA. Complications and
mortality associated with cervical spine surgery for degenerative disease
in the United States. Spine. 2007;32:342-7. https://doi.org/10.1097/01.
brs.0000254120.25411.ae.

Oldridge NB, Yuan Z, Stoll JE, et al. Lumbar spine surgery and mortality
among Medicare beneficiaries, 1986. Am J Public Health. 1994;84:1292-8.
Yagi M, Fujita N, Okada E, Tsuji O, Nagoshi N, Asazuma T, et al. Clinical out-
comes, complications, and cost-effectiveness in surgically treated adult spinal
deformity over 70 years: a propensity score-matched analysis. Clin Spine
Surg. 2020;33:pE14-20. https://doi.org/10.1097/BSD.0000000000000842.
Ali R, Schwalb JM, Nerenz DR, Antoine HJ, Rubinfeld I. Use of the modified
frailty index to predict 30-day morbidity and mortality from spine surgery.
J Neurosurgery-Spine. 2016;25:537-41. https://doi.org/10.3171/2015.10.
SPINE14582.

Yoshida G, Hasegawa T, Yamato Y, Kobayashi S, Oe S, Banno T, et al. Predict-
ing Perioperative Complications in adult spinal deformity surgery using

25.

26.

27.

Page 7 of 7

a simple sliding scale. Spine. 2018;43:562-70. https://doi.org/10.1097/
BRS.0000000000002411.

Botney R. Improving patient safety in anesthesia: a success story? Int J Radiat
Oncol Biol Phys. 2008;71:182-6. https://doi.org/10.1016/}.ijrobp.2007.05.095.
OdaT, FujiT, Kato Y, Fujita S, Kanemitsu N. Deep venous thrombo-

sis after posterior spinal surgery. Spine. 2000;25:2962-7. https://doi.
0rg/10.1097/00007632-200011150-00019.

Yoshiiwa T, Miyazaki M, Takita C, ltonaga |, Tsumura H. Analysis of measured
D-dimer levels for detection of deep venous thrombosis and pulmonary
embolism after spinal surgery. J Spinal Disord Tech. 2011,24:E35-39. https://
doi.org/10.1097/BSD.0b013e3181f60603.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1097/01.brs.0000254120.25411.ae
https://doi.org/10.1097/01.brs.0000254120.25411.ae
https://doi.org/10.1097/BSD.0000000000000842
https://doi.org/10.3171/2015.10.SPINE14582
https://doi.org/10.3171/2015.10.SPINE14582
https://doi.org/10.1097/BRS.0000000000002411
https://doi.org/10.1097/BRS.0000000000002411
https://doi.org/10.1016/j.ijrobp.2007.05.095
https://doi.org/10.1097/00007632-200011150-00019
https://doi.org/10.1097/00007632-200011150-00019
https://doi.org/10.1097/BSD.0b013e3181f60603
https://doi.org/10.1097/BSD.0b013e3181f60603

	﻿Perioperative risk factors related to complications of lumbar spine fusion surgery in elderly patients
	﻿Abstract
	﻿Materials and methods
	﻿Study design and inclusion criteria
	﻿Research data
	﻿Statistical analysis

	﻿Results
	﻿General data
	﻿Risk factors for postoperative complications
	﻿Preoperative comorbidities
	﻿Risk of aging to complications

	﻿Discussion
	﻿References


