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Abstract

Study design Retrospective study of a prospectively collected database at one center.

Objectives Assess the outcomes and complications of adult spinal deformity (ASD) surgery in patients that are 75 years and
older compared with patients of 65-75 years of age.

Summary of background data With increasing amounts of ASD surgery being performed on elderly patients, it is important
to assess how age plays a factor in corrective reconstruction surgery.

Methods Inclusion criteria for the study were all patients > 65 years of age that underwent thoracolumbar deformity correc-
tion involving > four levels at a single institution by two surgeons. Patients were divided based on age into 65-74.9 or > 75
groups. Radiographic parameters were measured preoperatively, postoperatively, and at 2 years. The Numeric Rating Scale
(NRS) and Oswestry Disability Index (ODI) were collected preoperatively, at 1 year, and 2 years. Comorbidities included
were based around the Charlson Comorbidity Index (CCI) and compared to the incidence of complications and need for
further surgery.

Results Both age groups had improvements in their radiographic parameters postoperatively which was maintained at 2 years.
Comparing the different age groups with similar comorbidity burden in regard to complications and need for additional
surgery yielded no statistically significant difference between groups. Both groups had comparable decreases in NRS and
increases in ODI at 2 years.

Conclusions Analysis of our study population indicates that there is no difference between the outcomes and complications
of deformity surgery in patients 75 years and older when compared to a younger elderly population. It also does not appear
that a >3 comorbidity burden has a significant impact on the complications or need for additional surgery in our elderly
spinal deformity surgery population.

Level of evidence Level IV.
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Introduction

Adult spinal deformity (ASD) affects approximately 68%
52 David G. Deckey of the elderly population [1]. While only a small proportion
David.deckey @gmail.com of these patients are symptomatic, ASD can be quite debili-
tating. ASD has been associated with worse health related
quality of life (HRQoL) scores when compared to more
common chronic conditions such as chronic lung disease,
congestive heart failure, diabetes, and ischemic heart disease
[2]. Subsequently, as the population continues to age, the
prevalence of ASD is increasing and the number of patients
seeking treatment continues to grow.
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An increasing amount of ASD surgery is being performed
[3, 4]. McCarthy et al. reported a four-fold increase in ASD
surgery performed on Medicare patients from 2000 to 2010
[3]. Sing et al. found that operative treatment of patients
with ASD had increased 3.4 times between 2004 and 2011
in patients equal to or older than 60 years of age [4].

While deformity correction has been shown to result in
substantial improvements in quality of life, it comes with
the cost of significant morbidity. Several studies have shown
that increasing age is associated with an increasing compli-
cation rates in adult spine surgery [5—8]. Despite this, there
are several studies that show outcomes can be equivalent
in the elderly after ASD surgery [9-11]. However, these
latter studies have oft set cut-off values of > 65 or>75
which generalizes outcomes to a larger cluster and limits
assessment of outcomes in different age groups within the
“elderly” population. Consequently, our goal was to offer a
more specific comparative analysis within the elderly popu-
lation i.e. “young” elderly vs “old” elderly. Therefore, we
(1) compared outcomes of patients undergoing ASD sur-
gery at age 65-74.9 versus greater than 75 years of age and
(2) evaluated the effect of comorbidity burden on the rates
of perioperative complications and need for reoperation in
these populations.

Materials and methods

This is a retrospective study utilizing a single surgical
practice’s prospectively collected database. Patient data
was queried from 2002 to 2016. All patients were oper-
ated on by two surgeons with fellowship training in com-
plex spinal deformity. Inclusion criteria for the study were
all patients > 65 years of age that underwent thoracolum-
bar deformity correction involving > four levels with
minimum 2-year follow-up. Exclusion criteria included
patients < 65 years old, surgery for trauma or tumor, and
surgery not specifically to address deformity correction
(infection, non-union, adjacent segment degeneration). 176
patients met the final criteria. These 176 patients were then
divided into cohorts based on age. 130 patients fell within
the 65-74.9-year-old age group. 46 patients fell within the
75 years and older age group.

All patient demographic information was collected. All
patient comorbidities were additionally noted. Comorbidity
burden was calculated utilizing the Charlson Comorbidity
Index (CCI). Radiographic parameters including thoracic
kyphosis, lumbar lordosis (LL), pelvic tilt, pelvic incidence
(PD), sagittal vertical axis (SVA), and coronal balance were
measured preoperatively, one year postoperatively, and at
two years postoperatively, and at latest follow-up. Complica-
tions are tracked by reviewing hospitalization and clinical
records of each patient by dedicated research assistants. The
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full list of complications tracked is extensive and includes
variables commonly tracked by often papers cited and the
now defunct Spinal Deformity Study Group [14-16]. How-
ever, in the interest of brevity, many of these were condensed
or omitted if not encountered in this study population. PI-LL
was additionally calculated for preoperative and post-opera-
tive values. The Numeric Rating Scale (NRS) and Oswestry
Disability Index (ODI) were collected preoperatively, at
lyear, at 2years, and at latest follow-up.

SPSS v24 (IBM Inc., Chicago, IL) statistical software
package was used for all analyses. Descriptive statistics were
calculated with standard deviations and ranges. Patient char-
acteristics, for both groups were analyzed with the use of
Chi square and student ¢ tests. A Chi square test was used
for categorical variables, and an independent student ¢ test
was used to assess continuous variables. A p <(0.05 was set
as our measure of statistical significance.

Results
Patient baseline characteristics

Demographic differences between the two groups are pre-
sented in Table 1. The overall mean age of the study popula-
tion was 72.2 years old (range: 65 to 85). The mean age for
the younger group was 70.0 and was 78.5 years for the eldest
group (p=0.001). The 65-74.9 age group had an average
BMI of 27.3 whereas the 75 years and older age group had
a mean BMI of 24.6 (p=0.003). There were 102 (78.5%)
females and 29 (63.0%) females in the younger and older age
groups respectively (p =0.049). Tobacco use, surgical diag-
noses, and surgical characteristics such as length of fusion,
previous spine surgery, and type of previous spine surgery
were not different amongst the two groups. The mean follow-
up was 69.1 months (25-186 mo).

Comorbidities for each group are demonstrated in
Table 2. In the 65-74.9 age group, there were 119 (91.5%)
patients with two or less comorbidities and 11 (8.5%)
patients with three or more comorbidities. In the 75 years
and greater age group there were 42 (91.3%) patients with
two or less comorbidities and 4 (8.7%) patients with three or
more comorbidities. There was no statistical significance in
comorbidity burden between groups (p=0.961).

Radiographic parameters

All pre-operative and postoperative parameters are presented
in Table 3. Both groups had improvements in their radio-
graphic parameters when compared to pre-operative meas-
ures. These latter differences were maintained at 2 years
post-operatively. There were no statistically significant
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Table 1 Patient characteristics

Characteristics 65-74.9 years of age > 75 years of age P value
between age groups
Demographics
BMI, kg/m? 273455 23.0+5.0 0.003
Average age, years 70.0+£29 78.5+2.6 0.001
Females (%) 102 (78.5%) 29 (63.0%) 0.049
Tobacco use 8 (6.2%) 2 (4.3%) 0.647
Diagnosis
AIS (%) 19 (14.6%) 2 (4.3%) 0.065
Degenerative scoliosis (%) 49 (37.7%) 21 (45.7%) 0.343
Kyphosis (%) 36 (27.7%) 17 (37.0%) 0.239
Kyphoscoliosis (%) 26 (20.0%) 6 (12.9%) 0.293
Length of fusion, levels 9.2+3.0 82+29 0.061
Length of follow-up, mo 69.2+35.0 68.8+30.1 0.945
Previous TL spine surgeries
Decompression only 11 (8.5%) 5(10.9%) 0.625
Fusion 53 (40.8%) 22 (47.8%) 0.406
None 66 (50.8%) 19 (41.3%) 0.270

BMI indicates body mass index, AIS indicates adult idiopathic scoliosis, 7L indicates thoracolumbar

Table 2 Comorbidities between age group

65-74.9 years of age > 75 years of age P value

CHF 1(0.8%) 0 (0.0%) 0.551
CVA 5(3.8%) 4 (8.7%) 0.243
CKD 0 (0.0%) 0 (0.0%)

Diabetes 10 (7.7%) 4 (8.7%) 0.761
Heart disease 16 (12.3%) 7 (15.2%) 0.616
Hepatitis 1(0.8%) 2 (4.3%) 0.168
History of MI 6 (4.6%) 4(8.7%) 0.291
Liver disease 0 (0.0%) 0(0.0%)

PUD 8(6.2%) 0 (0.0%) 0.113
CCI 095+1.11 0.96+1.10 0.989

CHF congestive heart failure, CVA cerebrovascular accident, CKD
chronic kidney disease, PUD peptic ulcer disease, CCI charlson
comorbidity index

Table 3 Radiographic parameters

differences between the preoperative and 2-year postopera-
tive parameters between the age groups.

Patient reported outcome measures

There was no difference in preoperative NRS and ODI scores
between the two age groups (p =0.055 and p=0.162 respec-
tively). The 2-year scores were also no different between the
two groups (p=0.307 and p=0.311, respectively). Similarly,
when comparing age groups, no difference in NRS scores
were noted at 2 years (65-74.9: 2.6,>75: 2.5, p=0.608);
Fig. 1. Both age groups had a 15.4 improvement in ODI
scores at 2-years postop when compared to pre-op scores
(p=0.608); Fig. 2. Within both groups, post-op improve-
ments in NRS and ODI scores were statistically significant.

65-74.9 preoperatively > 75 Preoperatively P value 65-74.9 2 years PO > 75 2 Years PO P value

Coronal balance (mm) 3.1+2.7 34425 0.574 23+1.8 3.0+1.8 0.189
SVA (mm) 9.5+7.4 114+6.5 0.123 6.3+4.7 9.3+6.0 0.065
TK (°) 36.0+£21.9 36.6+16.6 0.870 399+14.5 43.4+11.6 0.149
LL (°) 34.6+22.3 29.9+204 0.213 48.5+13.7 47.2+13.2 0.591
PT (°) 29.3+£9.0 31.2+10.8 0.217 26.2+9.2 27.9+9.0 0.292
PI (°) 56.7 57.0 0.880

PI-LL (°) 22.1+21.7 27.1+£182 0.167 89+13.6 92+15.3 0.909

Preop indicates Preoperatively, PO indicates Postoperatively
Coronal balance and SVA are expressed in centimeters
TK, LL, PT, PI, values in degrees

SVA sagittal vertical axis, TK thoracic kyphosis, LL lumbar lordosis, PT pelvic tilt, PI pelvic incidence
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Fig.2 Oswestry disability index scores (ODI)

Clinical complications and need for revision surgery

Complications are listed in Table 4. The overall complica-
tion rate in our study was 51.7%. The 65-74.9 age group had
an overall complication rate of 48.5% (63 patients) whereas
the >75 group had a complication rate of 60.9% (28 patients)
but this was not found to be statistically significant. There
were no differences between the two age groups when isolat-
ing specific complications. All revision surgeries that were
required were spine-related or surgery related. See Table 4
for specifics.

In the 65-74.9 age group, 47.9% with 0-2 comorbidi-
ties had a complication whereas 54.5% with >3 comor-
bidities had a complication. Additionally, 37.8% of these
patients with 0-2 comorbidities required additional surgery
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Table 4 Surgical and medical postoperative complications between
age groups

Complications Age 65-749 Age>75 P value
Arachnoiditis 4(3.1%) 0 (0.0%) 0.229
Bowel obstruction 0 (0.0%) 0 (0.0%)
Foot drop 2 (1.5%) 0 (0.0%) 0.398
Pulmonary embolism 0 (0.0%) 0 (0.0%)
Superficial/deep infection 5(3.8%) 1(2.2%) 0.591
Wound dehiscence 1 (0.8%) 0 (0.0%) 0.551
Mechanical complications®
Junctional fracture 21(16.2%) 8(17.4%) 0.846
Instrumentation failure—other 9 (6.9%) 3(6.5%) 0.926
Rod fracture 22 (16.9%) 6 (13.0%) 0.536
Non-union 25(19.2%) 510.9%) 0.195
ASD 15(11.5%) 10(21.7%) 0.089
PIK 18 (13.8%) 10 (21.7%) 0.208
Additional surgery 45 (34.6%) 18 (39.1%) 1.000
Revision fusion or extension 35 (26.9%) 14 (30.4%) 0.648
Iliac bolt removal 8 (6.2%) 4 (8.7%) 0.557
Hematoma/seroma I/D 2 (1.5%) 0 (0.0%) 0.398

ASD indicates adjacent segment degeneration, PJK indicates proximal
junctional kyphosis

Other instrumentation failure—other—includes iliac screw fracture,
screw pull-out, symptomatic implants

#These complications are not mutually exclusive

compared to 45.5% with >3 comorbidities. None of these
differences met statistical significance.

In the >75 group, 61.9% with 0-2 comorbidities had a
complication whereas 50.0% with >3 comorbidities had a
complication. Furthermore, 38.1% with 0-2 comorbidities
required additional surgery compared to 50.0% with >3
comorbidities. None of these differences met statistical
significance.

Discussion

In patients with severe disability and symptoms secondary
to their spinal deformity, surgical intervention may be an
option to help alleviate some of the disease burden [12].
Bridwell et al. found that surgery provided better outcomes
for ASD patients over non-operative treatment when com-
paring quality of life measures at two years [13]. Research
focused on elderly patients specifically found that ASD
surgery in 65 years and older patients resulted in less pain
and better HRQoL scores when compared to the non-oper-
ative cohort [14]. Sciubba et al. reported an improvement
in HRQoL measures in patients older than 75 years of age
with ASD that underwent surgical reconstruction compared
to those treated non-operatively [15].
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Though ASD surgery has been shown by many studies to
improve outcomes in patients afflicted with severe deformity
and symptoms, deformity surgery itself is associated with
a high complication rate regardless of age. Sciubba et al.
analyzed complication rates for ASD surgery and found an
overall rate of 55%, with 18.5% considered as major periop-
erative complications. Their study had an average of 3.5 year
follow-up with an average surgical age of 53.3 years old
[16]. Our results showed a 51.7% complication rate which
is similar to Sciubba et al. complication rate of 55%. Our
study had an average age of 72.2 though, whereas Sciubba
et al. study had an average age of 53.3. We did not further
extrapolate the complications into minor and major within
our study. Jain et al. found a similar 18.1% major medical
perioperative complication nearly identical to Sciubba et al.
[17]. Soroceanu et al. reported that~27% of patient’s will
have at least one complication perioperatively after ASD
surgery when including adults of all ages [18]. Both Soro-
ceanu et al. and our study did find a trend towards increasing
complication rates with increasing age, but the trend did not
meet statistical significance. We did have a higher overall
complication rate when compared to Soroceanu et al. but
our average age was also much higher than their average of
56.8 years old.

Drazin et al. performed a literature review of 22 different
articles on ASD surgery in elderly patients aged 60 years
and older with a mean follow-up of three years. They
found an overall 38% complication rate with a mean age
of 74.2 years [19]. Though our overall complication rate
of 51.7% is higher than Drazin et al. study, we also had
a much longer mean follow-up of 69.1 months. Lonergan
et al. reported a major complication rate of 35% in a patient
population > 70 years old with an average age of 76.6 that
underwent ASD surgery but found a 95% overall complica-
tion rate [20]. The Lonergan et al. study did have a limitation
of a study population of only 20 which was much lower than
our 176 patients.

One would likely expect that there would be an increased
complication rate in the elderly population undergoing ASD
surgery, but there is no consensus in the current literature.
Worley et al. showed that elderly patients had a higher risk
of perioperative complications and mortality compared to
patients younger than 65 years old [5]. Another study found
a statistically significant trend of increasing complications
with increasing decades of life [6]. Drazin et al. reported
that a 75 year and older group undergoing ASD surgery had
a higher rate of discharge to skilled nursing facilities and
higher readmission rates when compared to a 66-74.9 year
old age group [7]. Though there was a slight increase in
30 day complication rates in the older population (26.6%
vs 21%), this was not statistically significant. Within our
study population we did find a trend for increasing compli-
cations in the > 75 year old age group but this did not reach

statistical significance either. Several other studies have not
found an association of increasing complications with age
in ASD surgery [11, 21, 22]. Cho et al. did report a non-
statistically significant tendency for early complications in
patients older than 65 [22]. Sansur et al. also did not find
a higher complication rate when comparing groups below
or above 65 years of age [21]. Therefore, our results are
consistent with several other studies indicating there is not
a significant difference between complication rates in the
elderly population undergoing ASD surgery.

When discussing ASD surgery, the need for revision
surgery should be considered and patients should also be
counseled regarding this possibility. Scheer et al. reported
a revision operation rate of 17% after ASD surgery with an
average of only 1.6 years follow-up in the study popula-
tion [23]. Another study by Scheer et al. found a slightly
higher reoperation rate of 18.8% within two years [24]. In
our study, 45 patients (34.6%) in the 65-74.9 year old age
group required additional surgery compared to 18 patients
(39.1%) in the 75 year and older group. Of these surgeries,
however, 26.9% (65-74.9) and 30.4% (> 75) were revision
fusions or extensions of fusion. Although our study had
higher rates of revision surgeries compared to the two above
mentioned Scheer et al. studies, we also had a much longer
mean follow-up of 69.1 months. Given that the Scheer et al.
studies mentioned above had a mean follow-up of 1.6 and
2 years respectively, postoperative complications such as rod
fracture, non-union, proximal junctional kyphosis, and other
implant complications may have not had time to present and
become an issue within that short follow-up time.

Despite the potential elevated risk for complications in
ASD surgery performed on the elderly, Smith et al. reported
that elderly patients may do as well or better than younger
patients in terms of outcomes [9]. Crawford et al. stated
that elderly patients with considerable spinal deformity can
obtain as much benefit from ASD surgery when compared
to their non-elderly counterparts when comparing outcomes
measures between the two groups [10]. Our results further
expand this discussion as we found that a >75-year age
group had as good of outcomes as their 65-74.9 year old
counterparts. Scheer et al. reported in their study that even
though patients 65 years and older had a higher complication
rate, the elderly patients had a shorter and improved recov-
ery period when compared to their younger cohorts [25]. In
a study by Hassanzadeh et al., elderly patients (> 65 years
old) achieved equivalent outcomes without an increase in
complications compared to a 40-64 year old age group that
underwent revision ASD surgery [11]. Lonergan et al. con-
cluded that age alone should not be a deciding factor against
surgery for ASD in patients in their 80's [20]. Our findings
echo these latter conclusions.

Drazin et al. reported a mean improvement of ODI by
24.1 and improvement in the VAS of 5.2 in their elderly
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ASD surgery population [19]. Drazin et al. study results
are even more drastic than our ASD surgery study popu-
lation where we found a 15.4 improvement in the ODI in
both of our age groups. We had a 2.6 and 2.5 improve-
ment in the NRS scores in the 65-74.9 and 75 and greater
age groups respectively. Our study population had lower
preoperative NRS and ODI scores compared to Drazin
et al. study. These lower scores in our study population
indicate that our patients had less preoperative disability
and may explain why we did not see as significant of
improvement in our outcomes scores when compared to
their study. The 15.4 improvement in ODI seen in our
study is more consistent with the results seen in Smith
et al. study where they reported a 19 point improvement
in ODI within the 65-85 year age group [9]. Importantly,
all patients in our study had improvements in their sagittal
parameters that were maintained at their last radiographic
follow-up.

There are some notable limitations with our study.
First, although data were pulled from a prospectively
collected database, this was nonetheless, a retrospec-
tive study. In this context, as we do not routinely fol-
low patients annually past the 2-year follow-up, we were
forced to limit our radiographic and outcome measure
analyses to 2-years—a substantial proportion of data-
points were simply not available beyond this and would
have impeded any meaningful analysis. Further, this con-
sequently resulted in a wide range in follow-up. However,
we would argue that it would be unscientific to include
patients that were otherwise doing well and simply
chose not to follow-up beyond the 2-year mark out of
convenience in a separate “lost to follow-up” category.
This of course again, is a limitation of a retrospective
study, where a strict longer-term follow-up schedule is not
mandated as might be in a prospective study. Further, a
relatively small sample size may have limited our ability
to establish statistical significance in our comparisons.
Finally, there may be concern for surgeon selection bias
in this particular patient population. However, we would
argue that this selection bias should be universally exer-
cised in this patient population and that deformity cor-
rection be strictly limited to those that are deemed medi-
cally fit for surgery and have failed extensive conservative
treatment modalities. In spite of these limitations, our
study is consistent with other literature to support that
elderly patients can have similar outcomes with no differ-
ence in complications. Though our sample size may not
be as large as those queried from large databases, our 176
patient population is larger than many other studies on
outcomes and complications in elderly ASD surgery and
benefits from drawing from only 2 surgeons at a single
center [11, 15, 20, 22, 24].
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Conclusion

In conclusion, analysis of our study population indi-
cates that there is not a statistically significant difference
between the outcomes and complications of deformity
surgery in patients 75 years and older when compared to
a younger elderly population in the 65-74.9 age range.
It also does not appear that a higher comorbidity burden
has a significant impact on the complications or the need
for additional surgery in our elderly spinal deformity
surgery population. Therefore, we believe that ASD sur-
gery in patients 75 years and older is an option in spite of
their chronological age, but only in appropriately chosen
patients with severe disability due to their deformity.
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