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Abstract

Purpose This systematic review and meta-analysis of all available evidence was performed to assess the safety and efficacy
of surgery for lumbar stenosis and spondylolisthesis in patients 80 years or older versus those younger than 80 years.
Methods A search of the literature was conducted in PubMed/MEDLINE, EMBASE and the Cochrane Collaboration Library.
Relevant studies comparing the clinical outcomes of lumbar surgery in octogenarians and younger patients were selected
according to the eligibility criteria. The predefined endpoints were extracted and meta-analysed from the identified studies.
Results Data from 16 observational studies including 374,197 patients were included in the final analysis. The pooled data
revealed that patients 80 years or older had a significantly higher incidence of overall complication, mortality, readmission
and longer length of hospital stay than younger patients. There was a similar improvement in the clinical symptoms (Oswestry
Disability Index and pain) of patients in the two groups. No significant differences in overall wound complication, reopera-
tion rate, operative time and intraoperative blood loss were found between the groups.

Conclusions Our results revealed that the clinical improvement in pain and disability did not significantly differ according
to age, although the patients aged 80 years or older had increased incidences of mortality and complication than younger
patients. Age alone is not a contraindication for lumbar surgery in very old patients. A careful preoperative evaluation, proper
patient selection and appropriate surgical approach are important to achieve successful surgical outcomes.
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Key points
yp Take Home Messages

Octogenarian patients have a significantly higher incidence of overall
complication, mortality, readmission and longer hospital stay compared
with younger patients.

. Our results revealed that clinical improvement in pain and disability
did not significantly differ according to age, although the patients aged
80 years o older had increased incidences of mortality and
complication than younger patients.
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The available literature showed similar improvement in the clinical
symptoms (ODI and pain) of patients in the two groups.

©

Age alone is not a contraindication for lumbar surgery in very old
patients. A careful preoperative evaluation, proper patient selection,

No significant differences in the overall wound complication, reoperation
rate, operative time, and intraoperative blood loss was found between two
groups.
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and appropriate surgical approach are important to achieve successful
surgical outcomes.
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to a proportional increase in age-related diseases such as
lumbar disc herniation, stenosis and spondylolisthesis.
Degenerative changes in the lumbar spine can cause chronic
low back pain and sensory and motor deficits in the lower
extremities, often leading to limitations in the activities of
daily living [2]. When conservative treatment fails to ame-
liorate the patient’s symptoms, surgical decompression is
the recommended method [3]. With increased ageing of
the population, many elderly wish to maintain functional
status, a situation that has contributed to a greater need for
spinal surgery as an option to improve the quality of life [4].
The number of surgical procedures performed in the elderly
with degenerative lumbar disease, particularly spinal fusion
procedures, has increased massively in the past decade [5].

However, the elderly population, especially those older
than 80 years, are more likely to have a higher comorbid-
ity and osteoporosis burden, often with multiple systems
involved [6]. The complexity of the health status may
increase the risks of complications, poor functional out-
comes and mortality after surgery in patients aged 80 years
and older [7]. When surgery is performed on an octoge-
narian patient, the risks and benefits have to be evaluated.
However, the benefits and safety of lumbar surgery in octo-
genarian patients remain controversial [8]. To date, no meta-
analysis has specifically addressed the effect that patient
age has on outcomes after surgery for lumbar stenosis and
spondylolisthesis. Therefore, to address this issue, a meta-
analysis regarding the post-operative outcomes after lumbar
spinal surgery in octogenarians and younger patients with
lumbar stenosis or spondylolisthesis was performed to assess
whether surgery is as safe and effective in patients 80 years
or older as it is among younger patients.

Materials and methods
Literature search strategy

Our meta-analysis was executed in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement and was registered at
International Prospective Register of Systematic Reviews
(registration number CRD42018103777).

A systematic computerized literature search was con-
ducted using PubMed/MEDLINE, EMBASE and the
Cochrane Collaboration Library from their dates of incep-
tion to July 2019. To achieve maximum sensitivity of the
search strategy and identify all studies, the following search
terms were used in several logical combinations: “octoge-
narians”, “elderly”, “aged, 80 and over”, “lumbar stenosis”,
“lumbar spondylolisthesis”, “surgical procedures, opera-
tive”, “spinal fusion”, “arthrodesis”, “decompression, sur-
gical” and “laminectomy”. The details of the search strategy
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are listed in Supplemental Table 1. The reference lists of all
included articles and reviews were also searched to identify
additional relevant publications.

Inclusion criteria

Two reviewers (H.F.L. and S.Y.L.) screened the search
results independently. Discrepancies between reviewers were
resolved by discussion and consensus. Eligible comparative
studies that compared surgical outcomes among octogenar-
ians and younger patients who underwent surgery for lumbar
spinal stenosis or spondylolisthesis were included in the cur-
rent systematic review. Other inclusion criteria included the
following: (1) the study included age group specifications (or
obtainable from the presented data); (2) the study showed
at least one of the desirable outcome measures and matched
their population groups; and (3) each group comprised at
least 15 patients. All publications were limited to human
subjects and were written in English.

Exclusion criteria

The following criteria were used to exclude studies: (1)
studies without any comparison between octogenarians and
younger patients; (2) minimally invasive spine surgery, such
as microscopic surgery, microendoscopic surgery, or per-
cutaneous surgery; (3) incomplete data or unclear distinc-
tion between the two different age groups; and (4) abstracts,
conference presentations, editorials, case reports, review
articles, biomechanical studies, animal experiments and
cadaveric studies.

Data extraction and assessment of study quality

Two investigators (H.F.L. and S.Y.L.) extracted the data
independently and cross-checked them mutually. A database
was created from the selected studies with the following
data: author, country, study design, publication year, patients
(age, sex, diagnosis and number of included patients), surgi-
cal information, complication, mortality, reoperation, read-
mission, hospital stay, operative time, blood loss, numerical
rating scale (NRS), visual analogue score (VAS), Low Back
Pain Bothersomeness Scale (LBPBS) and Oswestry Disabil-
ity Index (ODI).

The quality of comparative observational studies was
assessed using the Newcastle-Ottawa Scale (NOS) [9], as
recommended by the Cochrane Non-Randomized Studies
Methods Working Group. The quality of selected studies
was assessed according to the selection quality, comparabil-
ity and exposure. The maximum score was 9, and a high-
quality study was defined as a total score of 6 to 9. Two
reviewers (H.F.L. and S.Y.L.) independently evaluated the
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selected studies. Inconsistencies in assessment were resolved
by consensus.

Statistical analysis

Statistical analyses were conducted using Review Manager
(RevMan) Version 5.3 software (Copenhagen: The Nor-
dic Cochrane Centre, The Cochrane Collaboration, 2014).
Analysis was performed using the random effects models
to account for differences in the study methodology, patient
characteristics and surgical practice. The Mantel-Haenszel
random effects model was used for dichotomous variables
calculating the odds ratio (OR) between groups. The inverse
variance random effects model was applied for continuous
variables calculating the mean difference between groups.
The weighted mean difference (WMD) was applied to ana-
lyse continuous variables if the outcome measurements in
all studies were conducted on the same scale. Otherwise, the

standardized mean difference (SMD) was used. Both were
reported with 95% confidence intervals (CI), and P <0.05
was considered statistically significant. The heterogeneity
between studies was estimated using Chi-square-based Q
statistics (significant at P <0.1) and I test. I* > 50% was
considered as substantial heterogeneity. Sensitivity analysis
was performed to check the robustness of the meta-analysis
findings by the leave-one-out approach. Publication bias was
assessed by the Egger’s tests and funnel plot, which were
carried out in STATA 14.0 (StataCorp LP, College Station,
TX, USA).

Results
A flow diagram of the detailed search process used is shown

in Fig. 1. The literature search yielded 1986 unique articles.
A further screening of titles and abstracts was conducted,

c
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o database searching through other sources
= (n=2192) (n=6)
c
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v 4
. Records after duplicates removed
(n =1986)
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=
s
o 4
o
2 Records screened Records excluded
(n =1986) (n=1917)
v
Full-text articles assessed Full-text articles excluded, with
1 for eligibility reasons
:__§ (n=69) (n=53)
aag n=14, cut-off for definition of elderly:
"” 65 years
Y n=12, cut-off for definition of elderly:
__ Studies included in 70 years
qualitative synthesis n=9, cut-off for definition of elderly:
(n=16) 75 years
n= 8, reported data without
3 I comparison with younger
! population
= Studies included in n= 7, reviews, case reports, or
5 quantitative synthesis comment
(meta-analysis) n= 3, no available data
(n=16)

Fig.1 Study selection flow chart
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and 69 studies were considered potentially relevant to our
review. According to the inclusion criteria, 16 comparative
observational studies were identified in this study, of which
four were prospective cohort studies [10—13] and 12 were
retrospective cohort studies [5, 8, 14-23].

The total number of patients was 374,197, comprising
36,084 octogenarians and 338,113 younger patients. The
mean age ranged from 82.2 to 83 years in the octogenar-
ian group compared with 59.5 to 75 years in the younger
group (six studies). Patients with lumbar stenosis alone or
combined with lumbar spondylolisthesis were included in
the present analysis. Surgical procedures included lum-
bar laminectomy, laminotomy, discectomy, posterolateral
lumbar fusion (PLF), posterior lumbar interbody fusion
(PLIF), transforaminal lumbar interbody fusion (TLIF) or
anterior lumbar interbody fusion (ALIF). The NOS scores
in 16 studies were in the range from 6 to 9. Therefore, they
were considered high methodological quality. The baseline
characteristics and NOS scores of the included articles are
presented in Table 1.

Quantitative data synthesis
Patient characteristics and preoperative health status

The pooled data of the preoperative characteristics and
comorbidities are presented in Table 2. Patients aged
younger than 80 years had significantly more smokers (OR
0.24; P=0.008) and a higher comorbidity rate for diabe-
tes mellitus (OR 0.91; P <0.001). There was a significantly
larger BMI in younger patients (WMD: —1.82; P=0.008).
As expected, patients older than 80 years showed signifi-
cantly higher comorbidity rates for hypertension (OR 2.45;
P <0.001), chronic pulmonary disease (OR 1.13; P<0.001)
and congestive heart failure (OR 1.95; P <0.001). The frag-
ile physical condition was also reflected by a higher Ameri-
can Society of Anesthesiologists score (ASA >3). Octoge-
narian patients were nearly threefold more likely to have an
ASA score >3 than the younger group (OR 2.97; P <0.001).

Post-operative complications

Eleven studies adequately reported post-operative complica-
tions. The overall complication rate (intraoperative and post-
operative complications) for the octogenarians was 12.6%
compared with 10.0% for the younger patients. The overall
complication rate was significantly increased in octogenarian
patients (OR 1.53; 95% CI 1.42, 1.64; I =40%; P <0.00001)
(Fig. 2). We also assessed the complications of specific
surgical procedures. Three studies in which the surgical
approach was decompression alone reported overall com-
plications. There was a significantly higher overall complica-
tion rate in octogenarians than in younger patients (9.3% vs
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5.0%; OR 1.63;95% CI 1.12, 2.38; ’=0%; P=0.01). Four
studies in which the surgical approach was decompression
plus fusion reported overall complications. Octogenarians
also showed a significantly higher overall complication rate
than younger patients (15.8% vs 10.0%; OR 1.69; 95% CI
1.38,2.09; ’=47%; P <0.00001) (Fig. 3).

Eleven studies reported wound complications, including
haematoma, haemorrhage, wound disruption, wound infec-
tion and nonhealing surgical wounds. The overall wound
complication rates were the same (2.1%) in both groups.
No significant difference was found between octogenarians
and younger patients (OR 1.09; 95% C10.98, 1.21; P=0%:
P=0.10) (Fig. 2).

Regarding the main complication types, octogenarian
patients were more likely to develop urinary tract infection
(OR 2.51; 95% CI 1.67, 3.77; I>=53%; P <0.0001), pneu-
monia (OR 1.68;95% CI 1.51, 1.87, P=0%: P <0.00001),
deep venous thrombosis (OR 1.61; 95% CI 1.42, 1.84;
F=0%; P< 0.00001), pulmonary embolism (OR 1.40;
95% CI 1.17, 1.66; >=0%; P= 0.0002), myocardial infarc-
tion (OR 2.41; 95% CI 1.22, 4.76; I*=39%; P=0.01) and
dural tear (OR 1.63; 95% CI 1.04, 2.56; ?=0%; P=0.03)
than younger patients (Figs. 4 and 5). However, the rates
of wound infection (OR 1.12; 95% CI 0.99, 1.26; I’=0%;
P=0.07), wound haematoma (OR 1.56; 95% CI1 0.31, 7.85;
P=0%; P=0.59) and nerve injury (OR 1.95;95% CI 0.31,
12.13; P=0%; P=0.47) were similar between the groups
(Fig. 5).

Mortality, reoperation and readmission

In total, 11 of the 16 studies reported the incidences of in-
hospital and 90-day post-operative mortality among octo-
genarian patients versus younger patients. The difference in
the mortality rate was statistically significant, showing that
the mortality in octogenarians was three times higher than
that in younger patients (0.61% vs 0.17%; OR 3.28; 95% CI
2.54,4.25; >=46%; P <0.00001) (Fig. 6).

The readmission outcome was reported in three studies.
There was a significantly higher readmission rate in octoge-
narians than in younger patients (10.8% vs 6.9%; OR 1.46;
95% CI 1.26, 1.68; I’=10%; P <0.00001) (Fig. 6). Four
studies reported the reoperation outcome. No significant
difference was found between the groups (OR 0.45; 95% CI
0.19, 1.04; ’=0%; P=0.06) (Fig. 6).

Functional outcomes

The data regarding ODI improvement scores were
available in three studies. No significant difference
was found between octogenarian and younger patients
(WMD: — 1.54; 95% CI —4.10, 1.02; I>=0%; P=0.24)
(Fig. 7). Pain scores were assessed based on the VAS,
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Table 2 Pooled results of the preoperative characteristics and comorbidity

Preoperative characteristic = No.of >80 yearsold N % <80yearsold N % OR 95%CI P
studies n n
Female 9 13,330 23,278 5726 129,997 228,741 56.83 1.02 094-1.12 054
Smoking 5 3221 12,925 2492 25787 82,964  31.08 0.24 0.08-0.69 0.008
Hypertension 4 499 765  65.23 5234 10,535 49.68 245 173347 <.001
Diabetes mellitus 5 3889 12,744 30.52 25,608 80,911 31.65 091 0.87-095 <.001
Chronic pulmonary disease 5 4080 12952 3150 22,623 83,082 2723 1.13 1.08-1.17 <.001
Congestive heart failure 3 2206 12,460 17.70 7394 74,990 986 195 1.85-2.05 <.001
ASA>3 3 452 719  62.87 4036 10,340  39.03 297 194455 <.001

ASA American Society of Anaesthesiologists scale, n number of positive events, N number of total observations

=80 <280 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.12.1 Overall complication
Ciol 1996 122 2768 401 15887 9.2% 1.78[1.45,2.19) =
Deyo 2010 275 7548 709 24604 154% 1.27[1.11,1.47) -
Kalanithi 2008 61 368 3685 43551 58% 215[1.63, 2.84) il
Lagman 2017 1777 10232 17783 145488 31.3% 1.51[1.43,1.59) -
Liao 2018 5 38 3 38 0.2% 1.77[0.39, 7.99) D
Lieber 2016 22 227 145 2248 2.2% 1.56 [0.97, 2.49) i
Murphy 2017 23 314 323 6767 2.5% 1.58[1.02, 2.45) —
Nanjo 2013 9 46 26 185 0.7% 1.58 [0.68, 3.65) 1
Puvanesarajah 2017 1936 12187 7974 72547 31.2% 1.53[1.45, 1.61] L
Rihn 2015 13 58 167 742 1.2% 0.99[0.52,1.89) 1
Ulrich 2015 5 37 3 56 0.2% 2.76(0.62,12.34] ]
Subtotal (95% CI) 33823 312123 100.0% 1.53[1.42, 1.64] '
Total events 4248 31218

Heterogeneity: Tau®*= 0.00; Chi*=16.71, df=10 (P = 0.08); F= 40%
Test for overall effect: Z=11.52 (P < 0.00001)

1.12.2 Overall wound complication

Deyo 2010 93 7548 305 24604 191% 0.99(0.79, 1.26] i
Deyo 2013 20 601 371 11553 5.0% 1.04 [0.66, 1.64) o o
Giannadakis 2016 5 178 45 1328 1.2% 0.82[0.32,2.10] 1
Hayashi 2016 2 19 3 77 0.3% 2.90(0.45,18.74) ]

Liao 2018 2 38 0 38 01% 5.27(0.24,113.60)

Lieher 2016 3 227 54 2248  0.8% 0.54[017,1.79) 1
Machado 2017 4 705 3 2510  0.5% 477 [1.086, 21.36]

Murphy 2017 7 314 105 6767 1.7% 1.45[0.67,3.14) T
Nanjo 2013 0 46 6 195 01% 0.31 [0.02, 5.66)

Puvanesarajah 2017 318 12187 1709 72547 70.8% 1.11[0.98,1.25) [
Rihn 2015 2 58 24 742 05% 1.07 [0.25, 4.64) =
Subtotal (95% CI) 21921 122606 100.0% 1.09[0.98, 1.21] b
Total events 456 2625

Heterogeneity: Tau®= 0.00; Chi*= 9.46, df=10 (P = 0.49); F=0%
Test for overall effect. Z=1.64 (P=0.10)

0.01 0.1 1 10 100
Favours =80 Favours <80

Fig. 2 Forest plot illustrating the overall complication and wound complication rates in octogenarians versus younger patients

NRS or LBPBS scores. Back pain improvement scores  scores. Improvement scores were also similar between
were reported in three studies. No significant difference  the two groups (SMD: 0.08; 95% CI —0.07, 0.24; I*=0%;
was found between the two groups (SMD: 0.03; 95%  P=0.29) (Fig. 8).

Cl-0.11,0.17; ’=0%; P=0.71) (Fig. 8). Three stud-

ies had sufficient data to extract leg pain improvement
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=80 <280 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.44.1 decompression alone
Murphy 2017 23 314 323 6767 73.5% 1.58[1.02, 2.45) Hil-
Nanjo 2013 9 46 26 195 20.2% 1.58 [0.68, 3.65) -T=
Ulrich 2015 5 37 3 56 6.3% 2.76[0.62,12.34] 1T -
Subtotal (95% ClI) 397 7018 100.0% 1.63[1.12, 2.38] L2
Total events 37 352
Heterogeneity: Tau®*= 0.00; Chi*=0.50, df=2 (P=0.78); F=0%
Test for overall effect: Z= 2.56 (P = 0.01)
1.44.2 decompression plus fusion
Kalanithi 2009 61 368 3685 43551 28.5% 2.15[1.63, 2.84) -
Liao 2018 5 38 3 38 1.9% 1.77[0.39, 7.99) —
Lieher 2016 22 227 145 2248 146% 1.56 [0.97, 2.49) Bl
Puvanesarajah 2017 1936 12187 7974 72547 551% 1.53[1.45,1.61) ]
Subtotal (95% CI) 12820 118384 100.0% 1.69[1.38, 2.09] 2
Total events 2024 11807
Heterogeneity: Tau*=0.02; Chi*= 563, df=3 (P=0.13); F= 47%
Test for overall effect: Z= 4.95 (P < 0.00001)
0.01 0.1 1 10 100

Favours =80 Favours <80

Fig.3 Forest plot illustrating the overall complication rate for specific surgical procedures in octogenarians versus younger patients

Other perioperative outcomes

Hospital stay was reported in six studies. There was a
significantly longer hospital stay in octogenarians than
in younger patients (WMD: 0.48; 95% CI 0.36, 0.60;
I?=56%; P <0.00001) (Fig. 7). The data regarding the
operative time were available in four studies, and intra-
operative blood loss was available in three studies. There
were no significant differences in the operative time
(WMD: 1.57; 95% CI —9.37, 12.52; I’ =43%; P=0.78)
and blood loss (WMD: —9.25;95% CI — 104.61, 86.11;
I?=0%; P=0.85) between the two groups (Fig. 7).

Sensitivity analysis and publication bias

Sensitivity analysis was performed by serially omitting
an individual study and pooling the remaining studies.
The sensitivity analysis results showed little change in
the pooled ORs and did not alter the overall results of the
analysis, suggesting the high stability of the meta-analysis
(Supplemental Figs. 1-5). Publication bias was assessed
for the overall complication, wound complication, mor-
tality, reoperation, readmission, ODI improvement, back
pain improvement, leg pain improvement, hospital stay,
operative time and blood loss. All Egger’s P values were
greater than 0.1, indicating the absence of publication
bias. All of the Egger’s p values and funnel plots are
shown in Supplemental Figs. 6-16.

Discussion

As the proportion of octogenarian patients with lumbar ste-
nosis increases, surgeons are often faced with clinical deci-
sion-making regarding treatment with insufficient evidence.
Octogenarians are frequently associated with comorbidities
and a poor health status; thus, they represent a population
with uncertain benefits and the risks of treatment [24, 25].
The increasing number of published literature on the treat-
ment outcome of lumbar surgery in octogenarian patients
has posed conflicting evidence [10-13, 26-29]. The present
study is the first meta-analysis to evaluate the difference
between patients 80 years or older and patients younger
than 80 years with respect to preoperative characteristics
and post-operative outcomes after lumbar surgery, which
included 36,084 octogenarians and 338,113 younger patients
from 16 published studies. With our synthesis of the current
data available, the pooled analysis revealed the following:
(1) octogenarian patients have a significantly higher inci-
dence of overall complication, mortality, readmission and
longer hospital stay than younger patients; (2) the available
literature showed similar improvement in the clinical symp-
toms (ODI and pain) of patients in the two groups; (3) no
significant differences in the overall wound complication,
reoperation rate, operative time and intraoperative blood loss
was found between the two groups.

Complications following surgery in general are a
major concern among elderly patients [26, 30]. It is not
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=80 <80 Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
1.15.1 Urinary tract infection
Giannadakis 2016 17 178 47 1325 22.3% 2.87[1.61,512) —
Hayashi 2016 0 19 3 77 18% 0.55[0.03,11.02]
Liao 2018 1 38 0 38 1.5% 3.08[0.12,78.02]
Lieber 2016 8 227 25 2248 156% 3.25[1.45,7.29) ——
Murphy 2017 10 314 55 6767 18.9% 4.01[2.03, 7.95) -
Puvanesarajah 2017 1967 12187 7057 72547 399% 1.79[1.69,1.89) L
Subtotal (95% CI) 12963 83002 100.0% 2.51[1.67,3.77] 3
Total events 2003 7187

Heterogeneity: Tau*=0.11; Chi*=10.63, df=5 (P = 0.06); F=53%
Test for overall effect: Z= 4.41 (P < 0.0001)

1.15.2 Pneumonia

Giannadakis 2016 0 178 11 1325 0.1%
Liao 2018 1 38 0 38 01%
Lieber 2016 4 227 14 2248 09%
Murphy 2017 0 314 18 6767 01%
Puvanesarajah 2017 441 12187 1585 72547 98.7%
Subtotal (95% CI) 12944 82925 100.0%
Total events 446 1628

Heterogeneity: Tau*= 0.00; Chi*= 2.87, df= 4 (P=0.58), F=0%
Test for overall effect: Z=9.58 (P < 0.00001)

1.15.3 Deep venous thrombosis

Giannadakis 2016 0 178 2 1325 02%
Lieher 2016 0 227 14 2248 0.2%
Murphy 2017 2 314 29 6767 0.8%
Nanjo 2013 0 46 1 195  0.2%
Puvanesarajah 2017 299 12187 1108 72547 98.7%
Subtotal (95% CI) 12952 83082 100.0%
Total events 301 1154

Heterogeneity: Tau*= 0.00; Chi*=1.21, df= 4 (P=0.88); F=0%
Test for overall effect: Z=7.32 (P < 0.00001)

1.15.4 Pulmonary embolism

Giannadakis 2016 1 178 1 1325 0.4%
Lieher 2016 0 227 6 2248 0.4%
Murphy 2017 0 314 20 6767 0.4%
Puvanesarajah 2017 159 12187 681 72547 98.9%
Subtotal (95% CI) 12906 82887 100.0%
Total events 160 708

Heterogeneity: Tau®*= 0.00; Chi*= 2.05, df= 3 (P = 0.56), F=0%
Test for overall effect. Z= 3.78 (P = 0.0002)

1.15.5 Myocardial infarction

Lieber 2016 3 227 7 2248 185%
Murphy 2017 2 314 9 6767 153%
Puvanesarajah 2017 164 12187 563 72547 66.2%
Subtotal (95% CI) 12728 81562 100.0%
Total events 169 579

Heterogeneity: Tau®*=0.18; Chi*=3.27,df=2 (P=0.19), F= 39%
Test for overall effect. Z=2.52 (P =0.01)
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Fig.4 Forest plot illustrating the main complication types in octogenarians versus younger patients

surprising that octogenarians are associated with more
complications than younger patients because, compared
with younger patients, octogenarians were more likely to
have fragile physical conditions [31]. This study confirmed
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that octogenarian patients have more significant concomi-
tant diseases, as reflected by higher ASA scores (ASA > 3).
Our meta-analysis showed that the overall complication in
octogenarians was 1.5 times higher than that in younger
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=80 <280 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H. Random, 95% CI
1.33.1 Wound infection
Giannadakis 2016 5 178 45 1325 1.6% 0.82(0.32,2.10] ==
Hayashi 2016 2 19 2 77 03% 4.41[0.58, 33.57) ]
Liao 2018 2 38 0 38 01% 5.27[0.24,113.60)
Lieber 2016 3 227 49 2248 1.0% 0.60([0.19,1.94) R
Murphy 2017 7 314 105 6767 2.3% 1.45[0.67,3.14)] 1T
Nanjo 2013 1 46 1 185  0.2% 4.31(0.26, 70.24)
Puvanesarajah 2017 318 12187 1709 72547 93.7% 1.11[0.98, 1.25) .
Rihn 2015 2 58 18 742 06% 1.44 [0.33, 6.35) B
Ulrich 2015 0 37 1 56  01% 0.49([0.02,12.44)
Subtotal (95% CI) 13104 83995 100.0% 1.12[0.99, 1.26] b
Total events 340 1930
Heterogeneity: Tau*= 0.00; Chi*=5.92, df= 8 (P = 0.66), F=0%
Test for overall effect: Z=1.84 (P = 0.07)
1.33.2 Wound hematoma
Hayashi 2016 0 19 1 77 248% 1.31 [0.05, 33.36) =
Nanjo 2013 1 46 2 185 44.4% 214[019,2417) L
Rihn 2015 0 58 5 742 30.8% 1.15[0.06, 20.98] :
Subtotal (95% CI) 123 1014 100.0% 1.56 [0.31, 7.85]
Total events 1 8
Heterogeneity: Tau*= 0.00; Chi*=0.12, df=2 (P =0.94); F=0%
Test for overall effect: Z= 0.54 (P = 0.59)
1.33.3 Dural tear
Giannadakis 2016 12 178 55 1325 48.3% 1.67[0.88,3.18] T
Hayashi 2016 1 19 2 77 3.3% 2.08[0.18, 24.26)
Nanjo 2013 3 46 12 185 11.7% 1.06 [0.29, 3.94) S
Rihn 2015 8 58 71 742 326% 1.51 [0.69, 3.32) T
Ulrich 2015 4 37 1 56  4.0% 6.67 [0.71,62.21) ]
Subtotal (95% CI) 338 2395 100.0% 1.63[1.04, 2.56] >
Total events 28 141
Heterogeneity: Tau*= 0.00; Chi*= 2.02, df=4 (P=0.73); F=0%
Test for overall effect. Z=2.14 (P=0.03)
1.33.4 Nerve injury
Giannadakis 2016 0 178 1 1325 325% 2.47[0.10, 60.95) =
Hayashi 2016 0 19 2 77 35.2% 0.77 (0.04,16.80) L
Rihn 2015 0 58 1 742 32.3% 423([0.17,104.87) i
Subtotal (95% CI) 255 2144 100.0% 1.95[0.31, 12.13] el —
Total events 0 4
Heterogeneity: Tau®*= 0.00; Chi*=0.63,df=2 (P=0.73), F= 0%
Testfor overall effect. Z=0.72 (P =0.47)
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Fig.5 Forest plot illustrating the main complication types in octogenarians versus younger patients

patients from 11 included studies. It is worth noting that
only two studies showed a significant difference in con-
comitant diseases between the two groups [13, 22]. Their
results showed that the overall complication rate was simi-
lar between the two groups. Therefore, the higher compli-
cation rate in octogenarian patients in our meta-analysis
was mainly due to the other nine studies, in which octoge-
narian patients had more significant concomitant diseases
than the younger patients, indicating that medical comor-
bidities and a poor functional status, rather than age alone,
contribute to the increased complication in patients aged

80 years or older. Furthermore, we evaluated the com-
plications of specific surgical procedures. Patients aged
80 years or older had a higher complication rate than those
younger than 80 years old, regardless of decompression
alone or decompression plus fusion. This study also con-
firmed that fusion is associated with greater complications
than decompression alone in octogenarian patients (15.8%
vs 9.3%).

As in the case of overall complication, the mortality in
octogenarians was three times higher than that in younger
patients on pooled analysis of the data from the 11 studies
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=80 <280 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.34.1 Mortality
Ciol 1996 63 2768 123 15887 19.4% 2.98[2.20, 4.06) g=n
Deyo 2010 47 7548 81 24604 17.6% 1.890[1.32,2.72) =
Deyo 2013 10 601 69 11553 9.5% 2.82[1.44,5.49) —
Jansson 2003 18 758 65 10525 12.6% 3.91(2.31,6.63) —
Lagman 2017 32 10232 90 145488 16.1% 5.07[3.38,7.59) e
Lieber 2016 1 227 0 2248 06% 29.78[1.21,733.19) >
Machado 2017 6 705 6 2510  4.3% 3.58[1.15,11.14)] —
Murphy 2017 2 314 10 6767 2.6% 4.33[0.95,19.85]
Nanjo 2013 0 46 0 185 Not estimable
Puvanesarajah 2017 37 12187 65 72547 161% 3.40(2.27,5.09) -
Rihn 2015 1 58 2 742 11% 6.49 [0.58, 72.67) ]
Subtotal (95% CI) 35444 293066 100.0% 3.28 [2.54, 4.25] 2
Total events 217 511
Heterogeneity: Tau®= 0.06; Chi*=16.67, df= 9 (P = 0.05); F= 46%
Test for overall effect: Z=9.05 (P < 0.00001)
1.34.2 Reoperation
Hayashi 2016 1 19 4 77 13.8% 1.01[0.11, 9.63)
Liao 2018 0 38 3 38 7.8% 0.13[0.01, 2.64)
Rihn 2015 4 58 109 742 652% 0.43[0.15,1.21) —l—
Ulrich 2015 1 37 3 56 13.2% 0.49[0.05, 4.91) I
Subtotal (95% CI) 152 913 100.0% 0.45[0.19, 1.04] -
Total events 6 119
Heterogeneity: Tau®= 0.00; Chi*=1.17,df=3 (P=0.76), F= 0%
Test for overall effect: Z=1.87 (P = 0.06)
1.34.3 Readmission
Deyo 2010 888 7548 2048 24604 86.4% 1.47 [1.35,1.60) .
Machado 2017 14 705 51 2510 5.4% 0.98[0.54,1.78) B i
Murphy 2017 19 314 243 6767 8.2% 1.73[1.07,2.80) —
Subtotal (95% CI) 8567 33881 100.0% 1.46 [1.26, 1.68] ]
Total events 921 2342
Heterogeneity: Tau®= 0.00; Chi*= 2.23,df= 2 (P=0.33); F=10%
Test for overall effect: Z=5.16 (P < 0.00001)
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Fig.6 Forest plot illustrating the mortality, reoperation and readmission rates in octogenarians versus younger patients

included in this review. When analysing the data of each
included study, the preoperative comorbidities were signifi-
cantly greater among octogenarian patients in 10 of 11 stud-
ies. Thus, a sufficient preoperative assessment and a subse-
quent reasonable choice for lumbar decompression surgery
in elderly patients seem to be important to reduce or avoid
complication and mortality [17]. Moreover, clinical frailty
stratification is helpful to improve patient selection, planning
surgical procedures and predicting the risk of complication
or death in the elderly. Li et al. [27], in 2008, performed a
retrospective cohort study observing complications and mor-
tality after lumbar decompression surgery in the elderly and
quantified the overall complication or mortality rate strati-
fied by age and comorbidities. They found that the compli-
cation and mortality rates increased within each age group
with increasing numbers of comorbidities. For example, the
overall complication and mortality rates in patients aged 65

@ Springer

to 84 years with three comorbidities were greater than the
complication and mortality rate in patients 85 years or older
with no comorbidities. Similarly, complications in patients
aged 45 to 64 years with three comorbidities were similar to
those in patients aged 65 to 84 years with no comorbidities.

Previous studies have evaluated the effect of age on the
functional outcome of surgery for lumbar stenosis [4, 7].
Galiano et al. [7] studied the preoperative and follow-up
outcomes in 23 patients older than 80 years who underwent
decompression surgery for lumbar stenosis. There was
no comparison group. The data revealed that significant
improvements in the ODI and VAS from baseline meas-
urements. Pain scores and disability measured by the ODI,
also being our main outcome parameters, were reported in
four studies [11-13, 19]. The present review demonstrated
similar clinical improvement in the pain scores and ODI
between patients aged older than 80 years and those aged
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=80 <80 Mean Difference
or Subgrou Mean SD__Total Mean SD Total Weight IV, Random, 95% CI

Mean Difference
IV, Random, 95% ClI

1.35.1 ODI improvement

Giannadakis 2016 164 218 135 166 218 1073 43.0% -0.20 [-4.10,3.70)
Liao 2018 2829 2394 38 2937 1514 38 81% -1.08 [-10.09, 7.93]
Rihn 2015 185 1371 58 213 1362 742 48.9% -2.80 [-6.46, 0.86)
Subtotal (95% Cl) 231 1853 100.0% -1.54 [-4.10, 1.02]

Heterogeneity: Tau®= 0.00; Chi*= 092, df=2 (P=0.63); F=0%
Test for overall effect: Z=1.18 (P=0.24)

1.35.2 Hospital stay

Deyo 2010 36 35 7548 32 2.7 24604 36.4% 0.40(0.31,0.49]
Giannadakis 2016 45 49 178 32 49 1325 22% 1.30[0.53, 2.07]
Lagman 2017 362 303 10232 311 3.43 145488 40.3% 0.51 [0.45,0.57)
Liao 2018 7.61 1.92 38 75 154 38 21% 0.11 [-0.67, 0.89]
Murphy 2017 2 22 314 1.4 1.2 6767 151% 0.60[0.35, 0.85]
Rihn 2015 41 2 58 39 29 742 40% 0.20 [-0.36, 0.76]
Subtotal (95% CI) 18368 178964 100.0% 0.48 [0.36, 0.60]

Heterogeneity: Tau*= 0.01; Chi*= 11.40, df= 5 (P = 0.04); F= 56%
Test for overall effect: Z= 8.08 (P < 0.00001)

1.35.3 Operative time

Hayashi 2016 2736 621 19 2738 621 77 10.2% -0.20 [-31.38, 30.98)
Liao 2018 20461 63.34 38 17913 4547 38 146% 25.48(0.69, 50.27)
Murphy 2017 97 452 314 966 507 6767 51.3% 0.40[-4.74,5.54]
Rihn 2015 1575 619 58 1672 859 742 24.0% -9.70[-26.79, 7.39)
Subtotal (95% Cl) 429 7624 100.0% 1.57 [-9.37, 12.52]

Heterogeneity: Tau®=53.94; Chi*=5.27, df=3 (P=0.15); F= 43%
Test for overall effect: Z= 0.28 (P=0.78)

1.35.4 Blood loss

Hayashi 2016 4108 466 19 4093 466 77 16.6% 1.50[-232.46, 235.46)
Liao 2018 606.53 658.41 38 52579 386.93 38 15.4% 80.74 [-162.07, 323.55]
Rihn 2015 4134 4307 58 4457 4595 742 68.0% -32.30[-147.97,83.37)
Subtotal (95% Cl) 115 857 100.0% -9.25[-104.61,86.11]

Heterogeneity: Tau*= 0.00; Chi*= 0.69, df=2 (P =0.71), F=0%
Test for overall effect: Z= 0.18 (P = 0.85)
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Fig. 7 Forest plot illustrating the ODI improvement scores, hospital stay, operative time and blood loss in octogenarians versus younger patients

=80 <80 Std. Mean Difference
Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

1.36.1 Back pain improvement

Giannadakis 2016 29 38 135 27 38 1073 623% 0.05[-0.13,0.23]
Liao 2018 424 227 38 379 242 38 98% 0.19 [-0.26, 0.64]
Rihn 2015 1.8 1.52 58 1.9 111 742 27.9% -0.09[-0.35,0.18]
Subtotal (95% CI) 231 1853 100.0% 0.03[-0.11,0.17]

Heterogeneity: Tau®= 0.00; Chi*=1.28, df=2 (P=0.53), F= 0%
Test for overall effect: Z=0.37 (P=0.71)

1.36.2 Leg pain improvement

Giannadakis 2016 31 37 135 3 37 1073 745% 0.03 [-0.15,0.21]
Liao 2018 39 252 38 332 288 38 11.7% 0.21 [-0.24, 0.66]
Ulrich 2015 35 265 37 28 23 56 137% 0.28[-0.13,0.70]
Subtotal (95% Cl) 210 1167 100.0% 0.08[-0.07,0.24]

Heterogeneity: Tau*= 0.00; Chi*=1.58, df= 2 (P=0.45); F=0%
Test for overall effect: Z=1.07 (P = 0.29)
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Fig. 8 Forest plot illustrating the pain improvement scores in octogenarians versus younger patients
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younger than 80 years. Our results indicated that surgery
for lumbar stenosis or spondylolisthesis could provide com-
parable improvement in disability and adequate pain relief
for patients aged older than 80 years. However, with such
limited available studies (four studies), solid conclusions
on the functional outcomes between the two groups cannot
be drawn. Furthermore, there may be confounding baseline
variables that differed between octogenarians and younger
patients, such as comorbidities and the severity of stenosis.
Octogenarians who were offered surgery may represent well-
selected octogenarians and have a better baseline health than
their peers.

Thus, there needs to be further evaluation of a surgical
indication among octogenarians with lumbar stenosis or
spondylolisthesis. It is clear that conservative treatment must
be helpful, but patients who do not respond favourably need
surgery. There is growing evidence that surgical decompres-
sion offers an advantage over nonsurgical treatment for older
patients with persistent severe symptoms [32]. In a multicen-
tre prospective study, Rihn et al. [12] revealed that operative
treatment of lumbar degenerative disease offers a signifi-
cant benefit over conservative treatment in the octogenarian
population. There is no widely accepted consensus on the
indication for the surgical treatment of degenerative lumbar
pathologies. Two randomized controlled trials by Forsth
et al. [33] and Ghogawala et al. [34] have been published
comparing simple decompression to decompression plus
fusion, but they drew contradictory conclusions. Forsth et al.
[33] reported that there was no strong evidence to support
the use of fusion in patients with lumbar stenosis, even in
patients with degenerative spondylolisthesis. Fusion surgery
does not result in better clinical results than decompression
alone. However, Ghogawala et al. [34] found that patients
with lumbar stenosis and stable degenerative spondylolis-
thesis who underwent fusion have better clinical results
and lower rates of reoperation than those who underwent
decompression alone. The indications and optimal therapy
to this issue in the octogenarian population remain unan-
swered. Although operative treatment may be safely used in
selected octogenarians, patient comorbidities, osteoporosis
and the surgical method should be considered when deciding
to perform spinal surgery in the elderly population. Drazin
et al. [35] and Lagman et al. [18] found that decompression
plus fusion results in a higher rate of complications than
decompression surgery alone in octogenarians. Our study
also confirmed previous findings. It is not surprising because
the fusion procedure requires extensive dissection of spi-
nal tissues and a longer operation time and often involves
placement of implants. Additionally, several authors have
reported that older patients with more comorbidities were
associated with more complications [17, 27]. Based on the
current literature, in the absence of evidence showing better
pain or function improvement with fusion surgery for lumbar
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stenosis in patients aged 80 years and older, decompression
alone appears to be safe and effective. For physically well
octogenarians who also have lumbar spondylolisthesis or
associated spinal instability, decompression plus fusion may
lead to a satisfactory clinical outcome.

Strengths and limitations

This is the first meta-analysis with a large sample size to
investigate the difference in the preoperative characteristics
and post-operative outcomes between octogenarians and
younger patients after surgery for lumbar stenosis or spon-
dylolisthesis. There was minimal to moderate heterogene-
ity (I <50%) in evaluating most of the outcome variables
included in our study, thus suggesting that these outcomes
are fairly consistent and approximate the true effect size.
Perfect homogeneity (/>=0%) was observed for wound
complication, reoperation, ODI improvement scores, pain
improvement scores and intraoperative blood loss. Addition-
ally, single-elimination sensitivity analysis was performed,
and it did not alter the overall results of the analysis, sug-
gesting the high stability of the meta-analysis.

This study has several limitations. First, because these
studies were comparative observational studies, they are at
risk of selection bias. Heterogeneity in the patient popula-
tion, unbalanced cohort sizes and surgical procedures may
have limited its power to detect differences between cohorts.
Second, the increased frequency of preoperative concomi-
tant diseases, commonly observed in octogenarian patients,
potentially introduce a significant selection bias when com-
paring the post-operative outcomes with younger patients
without similar health status. Third, this study mixed decom-
pression alone and decompression plus fusion as surgical
procedures to evaluate the clinical outcomes in patients
80 years or older. Limited by the current literature, we could
not evaluate other clinical outcomes of the specific surgical
procedure between two different age groups, except for the
overall complication. Fourth, the follow-up period was not
reported in eight studies, which may affect the reliability of
the available literature.

Conclusion

In the present systematic review and meta-analysis, octo-
genarian patients with lumbar stenosis or spondylolisthesis
have a significantly higher incidence of overall complication,
mortality, readmission and longer hospital stay than younger
patients after surgery. The available literature showed that
clinical improvement in pain and disability after lumbar sur-
gery in octogenarian patients were comparable to those in
patients aged younger than 80 years. No significant differ-
ences in the overall wound complication, reoperation rate,
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operative time and intraoperative blood loss were detected.
Based on the current evidence, we recommend that age
alone is not a contraindication for lumbar surgery in very old
patients. A careful preoperative evaluation, proper patient
selection and appropriate surgical approach are important
to achieve successful surgical outcomes.
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