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Abstract

Background The increased life expectancy and prevalence of spondylarthrosis have led to a growing fre-

quency of spinal surgery in older people. This study aims to assess whether there is an excess mortality concern-

ing that expected in the general population associated with surgical procedures performed in patients over 65 years
old for a degenerative disease of the lumbar spine.

Methods All patients aged 65 years or older undergoing surgery at a single center between 2009 and 2019 for lum-
bar spine degenerative disease were included. Standardized mortality ratios (SMRs) were estimated to compare

the mortality risk with the expected in the Spanish population for the same age, gender, and calendar-period. Multi-
variable Cox analysis was employed to determine risk factors of mortality.

Results A total of 411 procedures were analyzed. The mean age was 72.6 years old. SMR was 0.67 (Cl 95% 0.54-0.84).
That benefit was significant in women after gender stratification. Patients operated on between 65-84 years old had
a lower mortality rate than that expected for the general population. For patients aged 85 or older, the observed mor-
tality was not different from that expected in the general population. Multivariable Cox analysis observed an associa-
tion between higher mortality and the variables age, male, and Charlson comorbidity index score.

Conclusions Compared with the general population, patients over 65 years old who underwent spinal surgery

for degenerative disease of the lumbar spine experienced a reduction in mortality. This effect was particularly signifi-
cant in women and patients aged 65-84 years. Age, male gender, and Charlson comorbidity index score were associ-
ated with higher mortality risk.
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Life expectancy has increased progressively over the last
few decades. According to data for 2021, people in Spain
who will be 65 years old in that year can expect to live
an average of 21.4 years longer (19.1 for men and 23.4 for
women) [1]. In addition, according to the National Health
System Report 2020/21, three out of every four people
rate their health as “good” or “very good’, with increas-
ing quality of life achieved at these ages [2]. Degenerative
spinal pain is already more prevalent than hypertension,
hypercholesterolemia, or diabetes in our environment,
especially in women [3], and is a leading cause of disabil-
ity and loss of quality of life in older people [4, 5].

Increasing life expectancy and prevalence of spondylar-
throsis have led to a growing number of spine surgeries
in older people. Thus, the indication for posterior lumbar
fusion in the United States is estimated to increase in the
next 15 years, with the most significant demand in the
64—84 age group [6].

There is a wide range of options for the treatment of
degenerative spinal disorders, given the wide range of
diagnoses included in this very general entity (spinal
stenosis, disc herniation, foraminal or lateral recess ste-
nosis, among others). Two shorter and “less invasive”
procedures (simple discectomy and laminectomy with

and a longer and more aggressive procedure, which also
requires a more extended hospital stay and recovery time
(vertebral fusion with its different variations -minimally
invasive, open, interbody fusion, among others-), are the
most frequently performed [7, 8]. The latter, a more com-
plex technique, has been associated both with excess of
hospital costs [7, 8], and greater use of primary care in
the long-term when performed on older patients [9].
Despite the patients’ older age, the clinical results are
satisfactory [10]. However, a certain likelihood of compli-
cations has been reported, especially in patients over 80
[11-13]. Two recent studies evaluated the role of frailty
in octogenarians undergoing lumbar spine surgery. They
found a particular effect on short-term mortality (3 and
6 months) but no relevant differences in the long term
[14, 15]. Regarding mortality, only two studies have
compared the observed and expected mortality in older
patients undergoing surgery for degenerative spine dis-
ease. The first analyzed 1-year mortality in a sample of
34418 patients older than 65 years and found a rate of
3.52% [16]. The relative risk of death during this follow-
up period, compared with the general American popu-
lation, adjusted for age and sex, was less than 1 in most
of the subgroups analyzed. Furthermore, mortality was
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higher in men and in patients with an increasing num-
ber of comorbidities [16]. The other study mentioned
above achieved a longer follow-up of 10 years in a sample
of 1015 patients of all ages (538 were older than 60) in
South Korea [17]. The 10-year mortality in this study was
6%, and the standardized mortality ratio (SMR) was less
than 1 in all age groups older than 50 years (0.45 for ages
70 to 85). In both trials, therefore, the mortality or risk
of mortality in older patients was lower than expected
in the general population, adjusted for age and gender.
However, neither study reported confidence intervals
(CI) to determine whether these results were statistically
significant.

Given the limited previous experience in this area,
confirmation of these findings would consolidate sur-
gical treatment in older patients whose quality of life
is impaired by a prevalent pathology. The results of the
study may be particularly useful for geriatricians, who
have a general view of the patient, consider the impact
of coexisting comorbidities, and often diagnose and refer
(or not) the patient to the surgeon.

Methods
Aim, design, and setting of the study
The primary objective of this study is to assess whether
there is significant excess mortality compared to the gen-
eral population associated with surgery for degenerative
disease of the lumbar spine in patients over 65 years of
age. The secondary objectives of the study are to deter-
mine the expected survival after surgery and the asso-
ciation between various clinical (such as comorbidity or
anesthetic risk) and therapeutic factors (such as complex-
ity of surgery or number of spinal levels involved) and the
risk of mortality, to select the best candidates for surgery.
A single-center retrospective study based on hospi-
tal medical records was designed to assess the SMR in
patients over 65 undergoing surgery for degenerative
lumbar spine disease. The study was approved by the
local Ethics Committee (reference 37/23) and was con-
ducted under the 1964 Helsinki Declaration and its later
amendments or equivalent ethical standards.

Patients’ selection

Patients were selected with the aid of the Admissions and
Clinical Documentation Department. Inclusion criteria
were all patients aged 65 years or older who underwent
surgery for degenerative disease of the lumbar spine at a
single center between 1 January 2009 and 31 December
2019. Patients who required more than one procedure
were included only for the first procedure. Patients with
incomplete follow-up were excluded.
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Variables of the study

The date of death was confirmed using the informa-
tion available from the public Healthcare System. In
cases where follow-up was missed because the patient
had moved to another region or country, the patient or
their relatives were contacted by telephone. The end of
follow-up was December 2023 for all surviving patients.
Expected deaths were measured from annual data for
the entire Spanish national population according to
the National Institute of Statistics, adjusted for age and
gender for each calendar period (yearly) [18]. The infor-
mation is freely available [18]. Overall survival was calcu-
lated as the time from spinal surgery to death or the end
of follow-up.

Epidemiological variables (age, gender), clinical vari-
ables (Charlson comorbidity index, ASA physical status
classification, diagnosis, date of surgery, history of previ-
ous spinal surgery, need for subsequent reintervention),
and therapeutic variables (complexity of the surgical pro-
cedure, intervention of one or more spinal levels, type
of intervention according to whether it was emergency
or scheduled, hospital stay) were collected from the
patient’s electronic health record. As degenerative spinal
diseases often include a sum of radiological findings that
can give rise to several compatible diagnoses (disc herni-
ation, foraminal stenosis, central canal stenosis, etc.), the
diagnosis was categorized according to the finding that
contributed most to the symptoms and the indication
for surgery, although in many cases it was not an isolated
diagnosis. The complexity of the procedure was classified
according to the EUROSPINE Surgical Spine Centre of
Excellence (Table 1) [19]. “Small” surgery corresponded
to discectomy, foraminotomy, or laminectomy, whereas
“medium” surgery corresponded to vertebral fusion
(less than 5 segments) with or without one of the above
decompression procedures.

Statistical analysis

Dataset information was processed and analyzed using
Statav 18 (StataCorp. 2023. Stata Statistical Software:
Release 18. College Station, TX: StataCorp LLC). A
descriptive analysis of the variables was performed, using
frequency distributions and percentages for qualitative
variables and central tendency and dispersion parameters
for quantitative variables. If the normality assumption
was accomplished for numerical variables, the mean and
standard deviation are used; if not, the median and per-
centiles 25 and 75 are used. The SMR was employed to
determine the excess mortality and was estimated as the
ratio of the number of deaths observed in the sample over
the given period to the number expected over the same
period if the study population had the same age-specific
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Table 1 Severity intervention according to the EUROSPINE Surgical Spine Centre of Excellence [19]

“SMALL’ SPINE SURGERY

“MEDIUM” SPINE SURGERY

“LARGE” SPINE SURGERY

removal of implant

sequestrectomy, discectomy (disc surgery, non-instru-
mented)

pain surgical intervention on spine with permanent
implants (f. e. SCS-pump)

percutaneous cement augmentation of vertebrae

non-instrumented dorsal decompressions biopsy
on spine

application of inter spinous implants

Surgery on cervical, thoracic, lumbar
spine and sacrum which are

not mentioned under small

and large spine surgery

en-bloc spondylectomy with reconstruction and sta-
bilization

correction interventions due to deformity > 6 segments
resection interventions due to intra medulla tumors

revision surgery with implant removal and complete
re-instrumentation = 6 segments

combined dorso ventral interventions due to spine
injury over separate approaches with vertebral (partial)
replacement

combined interventions with multiple change
of approach (dorsal ventral dorsal or ventral dorsal
ventral)

rates as the standard population. A value greater than 1.0
would point to an excess mortality in the sample studied
concerning the general population. The 95% CI was also
estimated.

Overall survival was estimated using the Kaplan—Meier
method, and multivariable Cox regression was used to
determine the association of covariates and time to death.
The proportional hazards assumption was tested using
the Schoenfeld residuals for each of the variables entered
into the model. Every statistical hypothesis was two-tail
tested. The null hypothesis was rejected in all hypothesis
contrasts with type I error or a error less than 0.05.

This study was made following the recommendations
of the STROBE statement [20].

Results

During the study period, 576 procedures were recorded
in patients aged 65 years or older. Of these, 129 were
excluded due to coding errors (other pathologies or pro-
cedures) and 36 were reoperations in patients already
included. Thus, 411 patients were identified and finally
analyzed [21], as there were no exclusions due to incom-
plete follow-up (Fig. 1).

The mean age of the sample was 72.6 years (SD 5.60),
with a slightly higher proportion of women (51.3%). Sev-
enteen percent of the patients had a history of previous
spinal surgery. The median score on the Charlson comor-
bidity index was 4 points (corresponding to an estimated
10-year survival of 53.4%). According to the ASA anes-
thetic risk classification, 65.2% of patients had a score of
II, and 32.6% had a score of III. Most procedures were
low complexity (62.5%), and almost half (42.8%) involved
two or more spinal levels. Only 0.7% of operations were
emergency procedures. The median length of stay after
surgery was 5 days (3; 9), and 13.2% of the patients

RETROSPECTIVE STUDY

Y

December 31, 2019

Januaryg 1, 2009

Q@ 576 patients

q

° 129 EXCLUDED (code mistake;
other pathology or procedure)

© 447

° 36 EXCLUDED (reoperation)

411 patients

Fig. 1 Flow diagram representing patients’ selection process

required subsequent spinal surgery. Table 2 summarizes
the characteristics of the sample.

The median follow-up was 9.2 years (95% CI 8.8; 9.6).
The overall SMR was 0.67 (95% CI 0.54—0.84), indicating
a statistically significant reduction in mortality compared
with the general population of the same age, gender, and
calendar period. When stratified by gender, the benefit
was significant only in women, with an SMR of 0.52 and
maintained statistical significance (95%CI 0.35—0.76).
However, the male mortality rate does not appear to be
different from that expected for the general male popula-
tion for the same age and calendar period. When strati-
fied by age at surgery, patients who underwent surgery
between the ages of 65 and 84 years were associated
with a lower mortality rate than expected for the general
population of the same age, gender, and calendar period.
For patients aged 85 years or older, the observed mortal-
ity was not different from that expected in the general
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Table 2 Demographic description
Factor N patients %
Age (yr)
65-74 265 64.5
75-84 134 32.6
>85 12 2.9
Gender
Male 200 48.7
Female 211 51.3
Charlson Index
2 64 15.6
3 124 30.2
4 107 26
5 53 12.9
6 32 7.8
7 21 5.1
8 6 1.5
9-10 4 1
Previous spine surgery 70 17.0
ASA
I 8 1.9
Il 268 65.2
Il 134 32.6
\Y 1 02
Main diagnosis
Spinal stenosis 270 65.7
Disc herniation 93 226
Listhesis 39 9.5
Combined 9 2.2
Procedure complexity
Simple (non-fusion) 257 62.5
Medium (fusion <6 segments) 154 375
Large 0 0
Number of levels
single 235 572
multiple 176 428
Type of surgery
scheduled 408 99.3
emergency 3 0.7
Reoperation 54 132

N Number of patients, yr years, ASA American Society of Anesthesiologists’
physical status classification

population of the same age, gender, and calendar period
(Table 3).

At the end of the study, 20.7% of the sample had died.
The 1-year mortality was 1.2%. Figure 2 shows the esti-
mate of overall survival, and Table 4 shows the survival
function at 1, 2, 5, 7, 10, and 14 years.

Finally, multivariable Cox analysis revealed an associa-
tion between higher all-cause mortality and the variables
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Table 3 Standardized mortality ratio in patients undergoing
surgery due to spinal degenerative disease

Factor Failures Failures Expected  SMR 95% Cl
Observed

Overall 77 114.14 0.675 0.539 -0.844

Gender

male 51 63.92 0.798 0.606 - 1.050

female 26 50.22 0518  0.353-0.760

Age

065-74 30 4441 0676  0472-0.966

75-84 41 64.81 0633  0466-0.859

>85 6 4.92 1.22 0.548-2.716

SMR Standardized mortality ratio: failures / expected failures (per 1000)

of age, male gender, and Charlson comorbidity index
score (Table 5). Surgical complexity, the number of spinal
levels operated on, or the need for subsequent reopera-
tion did not show any impact on the risk of mortality. The
proportional hazard assumption was accomplished by
the Schoenfeld residuals.

Discussion

The study showed a reduced mortality rate in patients
aged 65-84 who underwent surgery for degenerative
lumbar spine disease. In patients over 84, there was no
significant difference compared with the general popula-
tion. The benefit was particularly significant in women.
Age, male gender, and Charlson comorbidity index score
were associated with a higher risk of death. These find-
ings support the beneficial role of surgery for degen-
erative diseases in older patients. Therefore, despite the
frequent additional comorbidity, invasive treatment
should not be ruled out without an individualized analy-
sis of the real risks against the potential benefits in these
patients.

Several factors may explain the protective effect. The
use of opioids, often used to treat chronic back pain, has
been associated with further cognitive impairment, seda-
tion, or respiratory depression, among other side effects
[22, 23]. Pain relief after surgery and the subsequent
reduction in opioid intake may be one of the protective
elements mentioned above. It has been well described
that back pain and gait changes secondary to degenera-
tive lumbar spine disease are associated with reduced
mobility in older people, which may increase the need for
care [5, 24]. Thus, pain relief may also lead to increased
physical activity, which has been associated with
increased life expectancy, even in frail, older patients
[25, 26]. A beneficial effect of physical activity on bone
metabolism and bone turnover may also be suggested as
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Kaplan-Meier survival estimate
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Fig. 2 Cumulative survival probability after surgical treatment of degenerative lumbar spine disease. X axis represents the time after surgery (in

years) and Y axis represents the survival probability

Table 4 Kaplan—Meier survivor function at different time
intervals after surgery

Time after Subjects at risk Survivor 95% Cl
surgery (years) function

1 405 0.988 0.97 -0.99
2 400 0.978 0.96 - 0.99
5 352 0919 0.89 - 0.94
7 251 0.880 0.84-091
10 131 0.771 0.72-0.82
14 13 0.661 058-0.73

Cl Confidence interval

a mechanism, given the association of high bone turno-
ver with all-cause mortality [27, 28].

Two independent studies from the USA and South
Korea have also shown comparable results. However, nei-
ther reported Cls to ensure statistical significance [16,
17]. For example, a relative risk of 1-year mortality of less
than 1 has previously been reported for most patients

aged 65 years or older [16]. However, the reduction was
more consistent in men than women according to age
group and the surgical procedure, a different result from
that described in the present study. All patients over 85
showed a reduced relative risk, regardless of the proce-
dure. However, this specific age group was the only one
that showed no benefit in our experience [16]. Another
previous study analyzed a population of all ages and
found an SMR of less than 1 in all age groups over 50 but
did not distinguish between men and women [17]. The
1-year mortality was higher in the American population
(3.52%) than in our study (1.2%), whereas another study
in South Korea with an octogenarian population showed
a 4.9% [14]. However, the 10-year mortality was sig-
nificantly lower in the South Korean population (16.2%
in patients over 70 years old, compared with the 22.9%
observed in the present series, which included patients
aged 65 years or older) [17]. These differences highlight
the importance of comparing life expectancy within the
general population to avoid bias.

Table 5 Multivariable Cox regression analysis of factors contributing to overall mortality of patients undergoing surgery due to spinal

degenerative disease

Covariates Full model Stepwise backward Elimination
p value HR (95% ClI) p value HR (95% Cl)

Age <0.001 1.11(1.06—1.16) <0.001 1.11(1.06 - 1.16)
Gender (female) <0.001 0.40 (0.25—0.65) <0.001 041 (0.26—0.66)
Charlson Index 0.002 1.24(1.08 - 1.42) 0.002 1.23(1.08-141)
Surgical complexity (fusion) 0.903 1.03 (0.64—1.65)

Single level 0.337 1.23(0.80 - 1.90)

Reoperation 0.998 1.00 (0.49 - 2.03)
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The analysis of factors associated with increased
survival showed similar results to previous evidence
[17, 29]. Women and younger patients had better
outcomes, as we also demonstrated [17, 29]. Physi-
ological differences have been suggested for the gen-
der differences, which have also been documented in
other cardiothoracic surgical procedures [30]. A pos-
sible explanation may be based on a worse preopera-
tive clinical situation (pain) in women and an equal or
more remarkable interval change after surgery com-
pared to men [31]. However, further research specifi-
cally designed to understand such gender differences
is needed. In addition, we assessed the preoperative
medical condition using the Charlson comorbidity
index and the ASA physical status classification sys-
tem. The strong correlation between both variables
led us to discard the ASA classification. The Charl-
son comorbidity index score was strongly associated
with poorer outcomes, a result comparable to that
observed in a previous study that looked only at short-
term mortality [16]. Therefore, patient selection seems
essential to minimize complications and achieve clini-
cal benefit. The complexity of the procedure and the
number of levels treated are important issues, as they
may increase hospital stay and recovery time. Other
studies have reported conflicting results. For example,
in some studies, non-fusion procedures were associ-
ated with worse outcomes [14, 16], whereas in another
study fusion was associated with a higher likelihood
of death in the first year [17]. No long-term effect was
observed in our study, as reported by other authors
[17]. A limited retrospective cohort of octogenarians
showed a higher risk of major complications with an
increasing number of levels operated, but no study
analyzed the risk of mortality [32]. Further studies are
needed to clarify these findings.

The main limitation to be considered is a potential
selection bias of those patients who were operated on
versus those who were not operated on due to age, medi-
cal condition, or patient choice. The effect on reduced
mortality is unknown, but those patients who were not
operated on would likely have worse outcomes than
those who were operated on. Further studies are planned
to compare SMR in operated and non-operated patients.
Second, the study was conducted at a single institu-
tion, so the mortality findings may not apply to popula-
tions with greater demographic diversity. Multicenter
or national studies are needed to validate the results.
Finally, the small sample size may have prevented the
observation of significant differences in men. However,
the long-term follow-up and the addition of CIs make
this study more relevant than previous publications.
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Conclusions

Compared with the general population, patients aged
65—84 who underwent spinal surgery for degenerative
disease of the lumbar spine experienced a reduction in
mortality. The beneficial effect was particularly signifi-
cant in women. Increased mortality was associated with
age, male gender, and increasing Charlson comorbidity
index score. The complexity of surgery, the number of
spinal levels operated on, or the need for a subsequent
revision surgery did not affect the risk of death.
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