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A B S T R A C T

Objective: Lumbar spinal stenosis (LSS) in octogenarians and beyond has a significant impact on quality of life
requiring surgical decompression and hence impact on health care utilization. Risk of surgical failure and impact
on health care resources is always a concern in this patient population (more so in nonagenarians). The aim of
our study was to compare clinical outcomes and healthcare utilization in patients (80–89 vs.90+) undergoing
decompression for LSS.
Patients and methods: Data was extracted using ICD9/10 and CPT codes from MarketScan (2001–2015) in this
retrospective study. We defined the comparative groups based on the age groups (80–89 and 90+), in patients
with LSS. Outcomes of interest were: length of hospital stay, discharge disposition and utilization in the index
hospitalization, 6- months, 12 months following index procedure as well as the associated health care utilization.
Patient characteristics and outcomes among cohorts were compared using univariate tests. Outcomes were
further compared using adjusted multivariable regression models. Statistical analysis was performed with SAS
9.4.
Results: A cohort of 5387 was identified from the database, 96.38% were in the 80–89 age group and 3.62%were
in the 90+ age group. The proportion of patients undergoing surgery for LSS among 80–89 (95.7–98.5%) and
90+ age group (1.5–4.3%) remained constant through the years. Interestingly, 13.83% and 16.92% of patients
had Elixhauser comorbidity index of 3+ in 80–89 age group and 90+ age groups respectively. Decompression
with fusion was performed in 19.4% of patients in 80–89 age group, compared to 9.74% of patients in 90+ age
group. There was no difference in median length of hospital stay (3 days, p = 0.19) and complications across the
cohorts (80–89: 16.7%; 90+: 18.46% p = 0.51). 70.6% of patients in 80–89 age groups were discharged to
home compared to 60.5% in 90+ age group (p = 0.0023). At 6 months follow-up, overall rate of new de-
compression, new fusion, re-fusion at index level were 2.38%, 0.59% and 0.33% only, with no differences across
the cohorts. Interestingly, patients in 80–89 age group incurred higher outpatient services, number of medica-
tion refills and related payments at 6-months and 12-months follow-up, compared to patients in 90+ age group.
Overall, combined median post-discharge payments at 12 months were similar across the groups [80–89 (median
$ 40,257) and 90+ (median$ 36,161), p = 0.14].
Conclusion: Using MarketScan database, there has been a gradual decline in the number of decompressions being
performed for LSS in elderly patients (> 80 years of age), however there is no change in the proportion of
octogenarians and nonagenarians undergoing decompression for LSS. There was no difference in rate of re-
operations and overall health care utilization among the groups. Surgery for LSS can be offered to nonagenarians
(in appropriately selected patients) with no difference in clinical outcomes and health care utilization, compared
to octogenarians.
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1. Introduction

By 2050, the number of elderly (> 65 years) Americans is projected
to be 88.5 million compared to 40.2 million in 2010 [1]. With advances
in medical care and this increase in number of elderly patients, we are
likely to see octogenarian and nonagenarian patients with degenerative
spine conditions such as lumbar spine stenosis (LSS). This patient po-
pulation present unique challenge to treating physician in terms of
advanced physiological age with associated medical comorbidities, se-
verity of degenerative spinal disease leading to deformity and therefore
anesthetic and post-operative complications [2–6]. Surgical interven-
tion in patients with LSS has been shown to result in significant im-
provement in pain, ambulation and overall quality of life with decrease
in consumption of opioid medications [7–10].

Given the trend of an aging United States population coupled with
medical advances, investigation of outcomes and potential economic
impact of surgery informs standards of care. Due to higher rates of
complications, delayed wound healing, and quality of life considera-
tions, the risks of surgery in older adults has been traditionally per-
ceived to outweigh potential benefits [3,11–13]. Within spine surgery
for octogenarians, an increase in one level was associated with an ad-
ditional 11% complication risk with 30-day mortality rate of 5.6% [14].
However, advances in spinal surgeries for elderly cohorts, demonstrate
acceptable safety profiles for octogenarians and nonagenarians with
careful preoperative screening and selection of appropriate surgical
candidates [4,7,14].

In the present study, we investigate outcomes associated with de-
compression for LSS in octogenarians and nonagenarians. Specifically,
we compare length of stay, readmission, complications, and outpatient
services between groups with up to 12 months follow up. To the best of
our knowledge, this is first study comparing outcomes and healthcare
utilization in octogenarians and nonagenarian patients (80–89 vs.90+)
undergoing decompression for LSS.

2. Materials and methods

2.1. Data source

For this project, we used MarketScan data from Truven Health
Analytics - IBM Watson Health. We have used this data in our previous
projects [15,16]. This data is built from paid claims by employer-
sponsored insurance, COBRA, private insurance managed Medicaid and
Medicare Supplemental (also known as Medigap). It is a comprehensive
database in which more than 100 payers contribute data. Insurance
holders and their dependents enter this database when enrollment
starts and they exit when that coverage ends. While enrolled, their
continuum of care is captured along with corresponding payment. This
data provides a snapshot of health during this period. In the data, Each
individual has a unique encrypted ID that can be used to link to dif-
ferent databases [17] and the data is de-identified. This data has been
extensively used for medical, public health and epidemiology research
for decades [17]. We have a custom subset of this database with in-
dividuals who have experienced a neurological /neurosurgical condi-
tions at some points from 2000 to 2016. We have 3 insurance types
(private, Medicaid and Medicare supplemental) covering inpatient ad-
missions, outpatient services and outpatient medications. For this pro-
ject, we extracted elderly patients 80+ years old who have had a spinal
stenosis and underwent surgery.

2.2. Patient selection and follow up

We extracted patients 80 years and older with a primary diagnosis
of lumbar stenosis from the inpatient tables. All the patients included
had to have a concurrent decompression (laminectomy, laminotomy,
discectomy, vertebrectomy, corpectomy, foreign body removal and re-
pair of vertebral fracture) with or without fusion. We wanted to

compare the outcomes of patients 90 years or older to those 80–89 so
we divided the extracted sample into 2 groups. The claim codes used for
extraction are in Supplemental table a. All cases under 80 were ex-
cluded. For each patient, the first occurring case satisfying the above
conditions was flagged as the index hospitalization. We wanted an in-
cidence cohort, therefore, we required every patient included to have
12 months look-back continuous enrollment among which there was no
lumbar decompression, fusion or refusion. The outcomes of interest
were the outcomes and healthcare utilization in the 6 months and 12
months following injury; therefore, only patients who had 12 months
post-surgery continuous enrollment in their insurance were included in
the analysis data set. The look-back and follow-up time were calculated
as follows: Pre-diagnosis look-back time= surgery admission date – start
enrollment date (or first claim date in the data set); Post-surgery follow up
time= end enrollment date (or last claim date in the data set) – surgery
discharge date.

2.3. Patient characteristics

Baseline characteristics were noted at the time of index hospitali-
zation: age, gender, year of index hospitalization, insurance type
(commercial, Medicaid, Medicare) and comorbidities. For comorbid-
ities, we used the Elixhauser comorbidity score [18] computed using an
adaptation to ICD-9-CM and ICD-10 codes developed by Quan et al
[19]. These were summarized and included in multivariable analyses.

2.4. Post-surgery outcome variables

The main interest in our project was to compare the outcomes and
utilization in the index hospitalization, within 30-days after discharge
and within the 6 months and 12 months following surgery with the
associated payments. We looked at complications, repeat surgery,
healthcare utilization and associated payments:

a) Complications: We evaluated complications during the index hos-
pitalization. Complications of interest were: renal, cardiac, general
neurosurgical, general neurological, Deep Vein Thrombosis or
Pulmonary Embolism (DVT/PE), pulmonary, infection, wound in-
fection, and pneumonia.

b) Repeat surgery: A patient was considered to have had surgery if
there was a claim of decompression, fusion or refusion in the follow-
up period following discharge from the index hospitalization. We
screened the claims occurring within 6 months and 12 months of
discharge.

c) Healthcare resources use: The index hospitalization resources use
outcomes were the length of stay and discharge disposition. For
post-discharge health resource use outcomes, we focused on 6- and
12-month hospital admissions, Emergency Room (ER) admissions,
outpatient services and medication refills.

d) Healthcare resources payment: All the payments associated with
the healthcare utilization described above were evaluated.
Payments were the sum of all hospitalizations (inpatient payments),
all outpatient services (outpatient payments) and all prescription
medication refills (medications payments). We also looked at a
combination of all three. ER services are a subset of the inpatient
admissions or outpatient services therefore they were not added in
the summation. All payments were inflated to 2016 US dollars using
the medical component of the consumer price index accessible
through the United States Bureau of Labor Statistics website [20].

2.5. Statistical analysis

Means and standard deviations, median and interquartile range as
well as the full range (minimum to maximum) were used to summarize
the continuous variables. Categorical variables were summarized using
counts and percentages. To compare the patient characteristics and
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outcomes among the 2 age groups, we used the Wilcoxon Rank Sum test
for continuous variables and Chi-square test for categorical variables
[21]. In addition, we also performed a multivariable analysis for each
outcome accounting for all patient characteristics (gender, elixhauser
index and insurance type) in the comparison of the 2 age groups. We
used the linear regression on log-transformed values for continuous
outcomes and the logistic regression for categorical outcomes. Adjusted
comparisons were presented in terms of Relative Risk (RR) for con-
tinuous variables and Odds Ratio (OR) for categorical variable with
associated 95% confidence intervals (CI) as a measure of precision. We
used the software SAS 9.4M5 (SAS Institute, Inc, Cary, NC) for data pre-
processing and data analysis [22].

3. Results

A cohort of 5387 was identified from the database from 2001 to
2015 during the study period. Number of patients undergoing surgical
decompression for LSS gradually increased from 2001 to 2009, with
maximum number of cases in years 2009 and 2011. Recently, there has
been a gradual decline in the number of decompressions being per-
formed in this patient population, Fig. 1. The proportion of patients
undergoing surgery for LSS among 80–89 (95.7–98.5%) and 90+ age
group (1.5–4.3%) remained constant through the years.

3.1. Patient demographics

Of 5387 patients, 5192 patients (96.38%) were in the 80–89 age
group and 195 patients (3.62%) were in the 90+ age group. Overall,
median age was 82 years (range: 81–103 years), only one patient
was > 100 year old (103 years). Males constituted majority of patients
overall (51.7%) and in 80–89-age cohort (51.8%), whereas female
constituted the majority in 90+ age group (51.3%). Medicare was the
most common insurance utilized across the cohorts (96%).
Interestingly, only 13.83% and 16.92% of patients had Elixhauser co-
morbidity index of 3+ in 80–89 age group and 90+ age groups re-
spectively, with no differences across the groups. Overall, decompres-
sion without fusion was performed in 81% of patients and
decompression with fusion was performed in 19% of patients.
Decompression with fusion was performed in 19.4% of patients in
80–89 age group, compared to 9.74% of patients in 90+ age group
(p = 0.0008), Table 1.

3.2. Outcomes at index hospitalization, 6-months and 12-months post-
discharge

There was no difference in median length of hospital stay (3 days,

p = 0.19) and complications across the cohorts (80–89: 16.7%; 90+:
18.46% p = 0.51). 70.6% of patients in 80–89 age groups were dis-
charged to home compared to 60.5% in 90+ age group (p = 0.0023).
Also, there was no difference in payments during index hospitalization
across the groups (80–89: median $14,291; 90+: median $ 13,301
p = 0.33), Tables 2 and 3.

At 6 months following index procedure, overall rate of new de-
compression, new fusion, re-fusion at index level were 2.38%, 0.59%
and 0.33% only, with no differences across the cohorts. Similarly, no
differences in ER admission and hospital re-admissions were noted
among the groups at 6 months follow-up. Interestingly, patients in
80–89 age group incurred higher outpatient services, number of med-
ication refills and related payments, compared to patients in 90+ age
group. However, there was no difference in combined payments
(index + overall payments during 6 months follow up) among 80–89
(median $ 27,818) and 90+ (median$ 26,550) age groups, Tables 2
and 3.

Similar results were also noted at 12 months following decom-
pression for LSS, with patients in 80–89 age group incurring higher
outpatient services, medication refills and related payments compared
to the older cohort. There were no differences in rate of new decom-
pression, new fusion or re-fusion at index level at 12 months follow-up.
Overall, combined median post-discharge payments at 12 months were
similar across the groups [80–89 (median $ 40,257) and 90+ (median$
36,161), p = 0.14] Tables 2 and 3, Fig. 2. Compared to patients who
had decompression without fusion, outcomes in patients who had de-
compression with fusion showed longer length of hospital stay (median
3 days vs. 4 days), less likely to be discharged home (73% vs. 58%),
higher complications (15.7% vs. 21%) and higher payments (median
$12,653 vs. $34,442), Table 4.

4. Discussion

In our study, we found that the number of patients undergoing
surgery for LSS gradually decreased in recent years, however propor-
tion of octogenarian and nonagenarian patients remained constant
during the study period. Decompression with fusion was performed in
19.4% of patients in 80–89 age group, compared to 9.74% of patients in
90+ age group.

4.1. Length of hospital stay, complications, discharge disposition and
comparison with literature

We found no difference in median length of hospital stay (3 days)
and complications during index hospitalization across the cohorts
(80–89: 16.7%; 90+: 18.46%). As expected, 70.6% of patients in 80–89

Fig. 1. Graph showing the trends (2001–2015) of decompression for LSS in octogenarian, nonagenarians and total cohort, using MarketScan database.
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Table 1
Demographics comparisons across groups.

Complete cohort Decompression

Age 80-89 Age 90+

Demographics N = 5387 N = 5192 (96.38%) N = 195 (3.62%) p-value
Mean (SD) 83.1 (2.9) 82.8 (2.4) 91.4 (1.9)

Age Median (IQR) 82 (81, 85) 82 (81, 84) 91 (90, 92) <0.0001
Range, min-max 80-103 80-89 90-103

Gender: Female, n (%) 2602 (48.3%) 2502 (48.19%) 100 (51.28%) 0.3962
Insurance Commercial, n (%) 1 (0.02%) 1 (0.02%) 0 (0%) 0.8704

Medicaid, n (%) 187 (3.47%) 179 (3.45%) 8 (4.1%)
Medicare, n (%) 5199 (96.51%) 5012 (96.53%) 187 (95.9%)

Elixhauser Index 0, n (%) 1719 (31.91%) 1664 (32.05%) 55 (28.21%) 0.2529
1, n (%) 1872 (34.75%) 1810 (34.86%) 62 (31.79%)
2, n (%) 1045 (19.4%) 1000 (19.26%) 45 (23.08%)
3+, n (%) 751 (13.94%) 718 (13.83%) 33 (16.92%)

Decompression Without Fusion, n (%) 4363 (80.99%) 4187 (80.64%) 176 (90.26%) 0.0008
With Fusion, n (%) 1024 (19.01%) 1005 (19.36%) 19 (9.74%)

Patients aged 80 and above were diagnosed with lumbar spinal stenosis without concurrent spondylolisthesis or neoplasm and had at least 1 year of pre- and post-
operative enrollment.

Table 2
Outcome comparison for patients undergoing decompression for LSS.

Combined Decompression p-value

Age 80-89 Age 90+
N = 5387 N = 5192 (96.38%) N = 195 (3.62%)

Index hospitalization outcomes
Length of stay, median (IQR) 3 (2, 4) 3 (2, 4) 3 (2, 4) 0.1969
Payment, median (IQR) 14263 (9281, 29566) 14291 (9274, 29671) 13301 (9327, 23560) 0.3359
Discharge home, n (%) 3788 (70.32%) 3670 (70.69%) 118 (60.51%) 0.0023
Complications, n (%) 903 (16.76%) 867 (16.7%) 36 (18.46%) 0.5177

Post discharge outcomes, 6 months
Reoperation

New decompression, n (%) 128 (2.38%) 124 (2.39%) 4 (2.05%) 1
New fusion, n (%) 32 (0.59%) 30 (0.58%) 2 (1.03%) 0.3234
Refusion, n (%) 18 (0.33%) 17 (0.33%) 1 (0.51%) 0.4856
At least one of above, n (%) 136 (2.52%) 132 (2.54%) 4 (2.05%) 1

ER admissions
Admitted, n (%) 63 (1.17%) 59 (1.14%) 4 (2.05%) 0.2433

Hospital admissions
Admitted, n (%) 721 (13.38%) 685 (13.19%) 36 (18.46%) 0.0339
# Readmissions, median (IQR) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0.035
Payments, median (IQR) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0.043

Outpatient services
# Services, median (IQR) 35 (17, 64) 36 (17, 64) 34 (18, 60) 0.5048
Payments, median (IQR) 3890 (1622, 8393) 3897 (1624, 8351) 3729 (1584, 9853) 0.9012

Medication refills
# refills, median (IQR) 48 (24, 75) 48 (24, 75) 45 (24, 72) 0.5503
Payments, median (IQR) 3762 (1139, 7330) 3804 (1151, 7342) 2661 (760, 6905) 0.0281

Overall payments, median (IQR) 10027 (5072, 18089) 10023 (5085, 18022) 10040 (4796, 18719) 0.8498
Combined (Index hospital + overall), median (IQR) 27760 (17273, 46796) 27818 (17320, 46792) 26550 (15709, 47597) 0.4599

Post discharge outcomes, 12 months
Reoperation

New decompression, n (%) 238 (4.42%) 232 (4.47%) 6 (3.08%) 0.3533
New fusion, n (%) 80 (1.49%) 78 (1.5%) 2 (1.03%) 1
Refusion, n (%) 27 (0.5%) 26 (0.5%) 1 (0.51%) 1
At least one of above, n (%) 249 (4.62%) 243 (4.68%) 6 (3.08%) 0.2952

ER admissions
Admitted, n (%) 93 (1.73%) 88 (1.69%) 5 (2.56%) 0.3603

Hospital admissions
Admitted, n (%) 1454 (26.99%) 1400 (26.96%) 54 (27.69%) 0.8222
# Readmissions, median (IQR) 0 (0, 1) 0 (0, 1) 0 (0, 1) 0.8272
Payments, median (IQR) 0 (0, 2562) 0 (0, 2602) 0 (0, 2119) 0.9443

Outpatient services
# Services, median (IQR) 66 (36, 113) 67 (36, 113) 59 (35, 104) 0.0761
Payments, median (IQR) 7852 (3789, 15682) 7881 (3817, 15662) 6930 (3121, 17272) 0.3199

Medication refills
# Refills, median (IQR) 93 (48, 144) 93 (48, 146) 90 (45, 138) 0.4014
Payments, median (IQR) 7786 (2395, 14950) 7866 (2435, 14984) 6137 (1624, 12921) 0.0251

Overall payments, median (IQR) 21176 (10996, 37517) 21188 (11063, 37589) 20206 (8675, 35154) 0.1375
Combined (Index hospital + overall), median (IQR) 40059 (25089, 65547) 40257 (25178, 65807) 36161 (21927, 60489) 0.0529
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age groups were discharged to home compared to 60.5% in 90+ age
group. These findings can be attributed to the fact that nonagenarian
patients who underwent surgery for LSS may represent highly selective
group of patients who were otherwise medically fit to undergo a sur-
gical procedure with good life expectancy. Also, discharge disposition
of this patient population may be influenced by the preoperative social
status. According to profile of older Americans (2017), about 28% of
non-institutionalized older persons in US lived alone (35% older
women and 20% older men) [23].

Advancing age and comorbidities have been consistently recognized
as the factor responsible for non-favorable outcomes following surgery
for lumbar spinal stenosis [2–4]. Murphy et al [2] reported that patients
with > 80 years of age were likely to have extensive lumbar surgeries
for LSS, which resulted in longer length of hospital stay, discharges
other than home and complications, using National Surgical Quality
Improvement Program database. Similarly, another study using Market
scan database reported that age at diagnosis, female sex, Charlson’s
Comorbidity Index scores and non-private insurance were associated

with higher odds of complications in patients who underwent surgery
(decompression only or decompression and fusion) for degenerative
spinal stenosis at all levels. Similar results were also reiterated by an-
other study of the same group focusing on octogenarians and non-
agenarians [4]. This study showed that fusion had longer length of
hospital stay, highest complication rate, most non-routine discharges
and was expensive compared to decompression only. These findings
were also reiterated in our study with similar outcomes in patients’ with
decompression and with/without fusion.

In contrast to above-mentioned studies, Wang et al [7] reported the
safety profile of lumbar decompression procedure in 26 elderly patients
(> 85 years, mean 87 years) with degenerative conditions. Average
number of lumbar levels treated was 2.17 (range 1–4) and interestingly
73% of patients underwent fusion in this study. Minimally invasive
surgery was used in 46% of patients. Complications were noted in
19.2% of patients, 3.8% permanent and 15.4% temporary. Length of
surgical time (> 180 min) was significantly associated whereas patients’
age, blood loss, comorbidity index, ASA physical status class, number of

Table 3
Outcome adjusted comparison* among different age groups.

Decompression p-value

Age 80-89 Age 90+
N = 5192 (96.38%) N = 195 (3.62%)

Index hospitalization outcomes
Length of stay, median (IQR) Reference$ 1.082 (0.986, 1.188) 0.0965
Payment, median (IQR) Reference 0.988 (0.869, 1.123) 0.8519
Discharge home, n (%) Reference 0.618 (0.457, 0.837) 0.0019
Complications, n (%) Reference 1.105 (0.759, 1.61) 0.6029

Post discharge outcomes, 6 months
Reoperation

New decompression, n (%) Reference 0.862 (0.315, 2.363) 0.7734
New fusion, n (%) Reference 1.956 (0.46, 8.313) 0.3634
Refusion, n (%) Reference 1.716 (0.225, 13.091) 0.6026
At least one of above, n (%) Reference 0.819 (0.299, 2.242) 0.6975

ER admissions
Admitted, n (%) Reference 1.866 (0.437, 7.971) 0.4001

Hospital admissions
Admitted, n (%) Reference 1.436 (0.989, 2.085) 0.057
# Readmissions, median (IQR) Reference 1.308 (0.955, 1.791) 0.0946
Payments, median (IQR) Reference 0.773 (0.536, 1.115) 0.1681

Outpatient services
# Services, median (IQR) Reference 0.903 (0.884, 0.923) <0.0001
Payments, median (IQR) Reference 1.017 (0.848, 1.22) 0.8528

Medication refills
# Refills, median (IQR) Reference 0.964 (0.945, 0.983) 0.0003
Payments, median (IQR) Reference 0.964 (0.945, 0.983) 0.0003

Overall payments, median (IQR) Reference 1.054 (0.902, 1.233) 0.5077
Combined (Index hospital + overall), median (IQR) Reference 1.007 (0.905, 1.12) 0.9053

Post discharge outcomes, 12 months
Reoperation

New decompression, n (%) Reference 0.686 (0.301, 1.565) 0.371
New fusion, n (%) Reference 0.705 (0.171, 2.899) 0.6276
Refusion, n (%) Reference 1.136 (0.152, 8.478) 0.9007
At least one of above, n (%) Reference 0.657 (0.288, 1.498) 0.3182

ER admissions
Admitted, n (%) Reference 1.517 (0.337, 6.815) 0.587

Hospital admissions
Admitted, n (%) Reference 1 (0.725, 1.379) 0.9988
# Readmissions, median (IQR) Reference 0.951 (0.746, 1.212) 0.6839
Payments, median (IQR) Reference 0.797 (0.592, 1.072) 0.1332

Outpatient services
# Services, median (IQR) Reference 0.867 (0.853, 0.881) <0.0001
Payments, median (IQR) Reference 0.91 (0.773, 1.071) 0.2538

Medication refills
# Refills, median (IQR) Reference 0.924 (0.911, 0.937) <0.0001
Payments, median (IQR) Reference 0.768 (0.642, 0.92) 0.0042

Overall payments, median (IQR) Reference 0.881 (0.762, 1.019) 0.0885
Combined (Index hospital + overall), median (IQR) Reference 0.926 (0.834, 1.028) 0.1475

*Adjusted comparisons are obtained from linear contrasts obtained from multivariable regression models, which include covariates gender, insurance, elixhauser
index, decompression with/without fusion, addition to age group.
$Age group 80–89 was used as reference for multivariable regression model across all outcomes.
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levels treated and fusion surgery were not associated with complica-
tions in this retrospective study. In contrast, another study based on
Medicare database reported that elderly patients (> 80 years of age)
with lumbar spinal stenosis (with spondylolisthesis or scoliosis) and
underwent surgical decompression (only decompression and decom-
pression with fusion) were likely to have longer length of hospital stay
(mean 3.6 days vs. 3.0 days) [24], 22.6% of these patients were dis-
charged to nursing homes and 11.8% of these patients were re-hospi-
talized within 30 days of procedure. In our study, we found that overall
length of hospital stay was 3 days (range 2–4) and 70.2% were dis-
charged to home following surgery for LSS in the combined cohort,
which is comparable to above-mentioned study. Similar study based on
Medicare database evaluated elderly patients (> 65 years) who un-
derwent decompression or fusion for LSS did not find the correlation of
comorbidities with 30-day complication rates in this study [25]. Drazin
et al [4] reported decompression, discectomy and fusion in octogen-
arian and nonagenarian patients with spinal stenosis at all spinal levels
using Nationwide inpatient sample database (NIS). In this study, au-
thors reported that patients who underwent fusion had longest LOS,
highest complication rate and discharges to other facilities and patients
who underwent only discectomy had favorable outcomes on all these
parameters [4].

4.2. Health care utilization in octogenarians and nonagenarians

Surgical treatment for degenerative spondylolisthesis and spinal
stenosis have been shown to be cost effective (per quality adjusted life
year) compared to non-operative treatment [10]. In our study, at index
hospitalization, there was no difference in payments across the cohorts

(80–89: median $14,291; 90+: median $ 13,301). Similarly at 6 and 12
months follow-up, there were no differences in terms of reoperation
rates across the cohorts. Interestingly, octogenarian patients incurred
higher outpatient services, number of medication refills and related
payments at 6-months and 12-months follow-up, compared to non-
agenarian. Overall, combined median post-discharge payments at 6
months and 12 months were similar across the groups [6 months: 80–89
(median $ 27,818) and 90+ (median$ 26,550); 12 months: 80–89
(median $ 40,257) and 90+ (median$ 36,161)]. Our findings were
similar to other study, which reported median total charges of $18,102
following decompression for spinal stenosis at all levels using NIS da-
tabase [4]. Similarly, another study using Medicare database reported
median Medicare payment of $6609 (IQR 4258,17684) following de-
compression for LSS in elderly patients (> 65 years).

4.3. Selection of octogenarian and nonagenarian patients for surgical
intervention

Various series have shown that surgical decompression offers
clinically significant improvement in patients with degenerative LSS
using validated scale such as Zurich Claudication Questionnaire or
Oswestry disability index (ODI) with acceptable complications rate
[7,8,30,31]. Although results of our study showed that nonagenarian
patients had no significant differences in clinical and health care uti-
lization outcomes compared to octogenarians, using Market scan da-
tabase, we acknowledge that these results may be due to inherent
limitations of selection bias attributable to such national database and
should be interpreted cautiously. In view of contrasting literature in
terms of age being a negative prognostic factor, we advocate that

Fig. 2. Bar graph showing payments during index hospitalization, at 6 months and 12 months post-discharge in octogenarian, nonagenarians and total cohort
following decompression for LSS.

Table 4
Outcome adjusted comparison* among decompression with and without fusion groups.

Index hospitalization outcomes Decompression p-value

No Fusion With Fusion
4187 (80.64%) 1005 (19.36%)

Length of stay Median (IQR) 3 (1, 4) 4 (3, 5) <0.0001
RR (95% CI) Reference 1.398 (1.337, 1.462) <0.0001

Payment Median (IQR) 12653 (8980, 19697) 34442 (26313, 48198) <0.0001
RR (95% CI) Reference 2.483 (2.336, 2.64) <0.0001

Discharge home Median (IQR) 3193 (73.18%) 595 (58.11%) <0.0001
OR (95% CI) Reference 0.531 (0.459, 0.614) <0.0001

Complications Median (IQR) 688 (15.77%) 215 (21%) <0.0001
OR (95% CI) Reference 1.362 (1.143, 1.622) 0.0005

*Adjusted comparisons are obtained from linear contrasts obtained from multivariable regression models, which include covariates gender, insurance, elixhauser
index, age group, addition to group of decompression (no fusion vs with fusion).
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physicians should consider medical co-morbidities and life expectancy,
while selecting nonagenarian patients for any surgical intervention for
LSS. Extensive discussion with the patient regarding realistic expecta-
tions, quality of life and possible complications is prudent for successful
clinical outcome. Patients’ with healthy and active life style are likely to
receive the benefits of surgical decompression while avoiding the
morbidity associated with continued spinal canal stenosis and need for
opioid medications for pain relief [16,26]. In addition, surgical ap-
proaches can be tailored according to the patient’s need; such as
minimally invasive spine surgery (MISS) have been shown to be safe
and feasible in elderly patients (65–89 years) with degenerative and
traumatic thoraco-lumbar diseases [7,27,28]. Percutaneous endoscopic
techniques using local anesthesia can also be considered in these pa-
tients [29].

5. Strengths and limitations

A major advantage of MarketScan database is that it provides
longitudinal follow-up of patients with utilization of corresponding
health care resources (outpatient visits, medication refills etc.) and
payments made by the insurance companies. Therefore, this database
provides a unique advantage of following patients with rare conditions
over an extended period of time and understanding health care utili-
zation during this period. Our study showed that nonagenarians with
LSS could undergo surgical decompression with no differences in clin-
ical and health care outcomes compared to octogenarians.

Lack of clinical information and imaging data related to individual
patients are potential limitations of this database. Therefore, clinical
decision-making, surgical approach and extent of surgical invasiveness
used by the treating physician cannot be extrapolated using this data-
base. Due to these limitations, potential for selection bias cannot be
excluded and therefore results need to be interpreted and generalized
with caution. Also, ICD and CPT billing codes were used to extract the
data and therefore, potential for coding error cannot be completely
excluded. Also, quality of life data and complications specific to the
surgical procedure cannot be extracted using this database. Despite
these limitations, MarketScan database provide an opportunity to
evaluate and study trends of a rare clinical problem on a national basis.

6. Conclusion

Using MarketScan database, there has been a gradual decline in the
number of decompressions being performed for LSS in elderly patients
(> 80 years of age). Nonagenarians were less likely to be discharged to
home compared to octogenarians, whereas octogenarians incurred
higher outpatient and medication health care utilization at 6 and 12
months follow-up. There was no difference in rate of reoperations and
overall health care utilization among the groups. Surgery for LSS can be
offered to nonagenarians (in appropriately selected patients) with no
difference in clinical outcomes and health acre utilization, compared to
octogenarians. Careful attention to preoperative comorbidities and
discussion regarding realistic expectations is of paramount importance
for successful postoperative outcomes in this patient cohort.
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