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Objective: Many studies have reported positive surgical outcomes and decreased mortality
after spine surgery in the elderly population, including patients between 85 and 90 years of
age. Here, in addition to patient age, we investigated the influence of frailty on short and
long-term mortality in octogenarians after lumbar surgery.

Methods: We performed a retrospective analysis of 162 patients over 80 years of age who
underwent posterior lumbar fusion or decompressive laminectomy between January 2011
and September 2016. We examined patient survival and modified frailty index (mFI) from
medical records.

Results: By October 2019, 29 of 162 patients had expired (follow-up period: 1-105 months).
Three-month mortality was 1.9%, and 1-year mortality was 4.9%. Frailty did not affect
long-term survival at 1 year but was associated with 3-month mortality (p = 0.024).
Conclusion: There was no relationship in long-term survival according to frailty in patients
80 years of age or older, but a difference was identified in short-term mortality. When mak-
ing a surgical decision for lumbar spine surgery in frail patients over 80 years of age, sur-
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INTRODUCTION

The elderly population continues to increase, thereby incre-
asing the need for medical services that support geriatric pa-
tients.! The degenerative disease spinal stenosis causes radicu-
lopathy or claudication by narrowing the spinal canals. The re-
sulting decrease in activity in lumbar spinal stenosis patients
leads to an increase in morbidity of elderly patients. There are
reports that surgical treatment of spinal stenosis improves pa-
tient quality of life and increases survival by reducing walking
disorders and enabling outdoor activities.>> However, the elder-
ly has additional comorbidities, increasing the risk of adverse
surgical outcomes. It has been reported that major medical com-
plications and mortality are higher after lumbar spinal surgery
in patients 80 years of age or older.**

Recent reports have indicated that comorbidity is different

geons should pay attention to the short-term prognosis.

Keywords: Lumbar spine surgery, Octogenarians, Frailty, Mortality, Short-term outcome

according to frailty, even within the same age group.”® Frailty,
defined as a state of increased vulnerability to poor resolution
of homoeostasis after a stressor event, increases the risk of ad-
verse outcomes. A study of United States national database re-
vealed that the frailty index correlated with both mortality and
morbidity for all surgical specialties.” Using the simplified frail-
ty measurement index, the modified frailty index (mFI), many
studies confirmed that frail patients had higher complication
and mortality rate in spinal surgery.'”"* However, no research
has investigated short-term or long-term survival in octogenar-
ians compared to the average population and whether it is ap-
propriate to operate a spine surgery on patients with increased
frailty. The purpose of our study is to identify long- and short-
term (3 months and 1 year after surgery) survival of patients
over 80 years of age who received lumbar spine surgery by groups
according to frailty and investigate the risk factors such as age,
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sex, type of surgery, past history, body mass index (BMI), bone
mineral density (BMD), and intraoperative estimated blood
loss (EBL).

MATERIALS AND METHODS

We performed a retrospective analysis of 162 patients over 80
years of age who underwent posterior lumbar fusion or decom-
pressive laminectomy for lumbar spinal stenosis between Janu-
ary 2011 and September 2016. Exclusion criteria included (1)
history of cancer or other malignancy to influence life expec-
tancy, (2) surgery for infectious lesions (infectious spondylitis
or abscess), (3) any history of infection within 3 months of sur-
gery, and (4) quadriplegic or paraplegic patients.

We collected data from hospital records for sex, date of birth,
type of surgery, past histories, BMI, BMD, EBL of surgery, and
date of death. Date of death was verified by records from the
National Health Insurance Corporation. The Institutional Re-
view Board of Gangnam Severance Hospital approved this study
(2020-0003-001) with a waiver of informed consents

We calculated the mFI of each patient based on a previously
published method.” The mFI was simplified from the Canadian
Study of Health and Aging Frailty Index, which is based on the
theory of accumulating properties that are strongly associated
with overall modality of community-dwelling functions. The
mFI consists of 11 components: a history of diabetes mellitus,
dependent functional status, chronic obstructive pulmonary dis-
ease or pneumonia, congestive heart failure, myocardial infarc-
tion, percutaneous coronary intervention, stenting, or angina,
hypertension requiring medication, peripheral vascular disease
or ischemic rest pain, impaired sensorium, transient ischemic

Table 1. Eleven variables of the modified frailty index

attack or cerebrovascular accident, and cerebrovascular accident
with neurological deficits (Table 1). The mFI was calculated as
the modified frailty score (i.e., the number of deficits present)
divided by 11, thus providing an index with a range of 0 to 1.
We categorized patients as robust (mFI=0), prefrail (mFI>0
and <0.21), and frail (20.21) based on previous data defining
frailty as an index greater than 0.21.”

Data are described as the mean (standard deviation) or me-
dian (interquartile range [IQR]). We calculated the survival curve
using the Kaplan-Meier survival method and obtained the sur-
vival rate for 8 years. We analyzed variation of the survival curve
according to structure using log-rank tests. We used linear-by-
linear association tests to determine the relationship between 3
months mortality, 1-year modality, and frailty, and the Fisher
exact test to identify relationships between sex, age group, and
type of surgery. Cox regression analysis was used to compare
the survival rate according to sex, type of surgery, and osteopo-
rosis. Hazard ratios and 95% confidence intervals (CIs) were
calculated for parameters. All statistical analyses were performed
using the IBM SPSS Statistics ver. 25.0 (IBM Co., Armonk, NY,
USA).

RESULTS

Of the total 162 patients, mean age was 82.3 +2.7 years at sur-
gery (range, 80-92 years). Eighty patients (49.4%) were male
(mean age, 83.06+3.31) and 82 patients (50.6%) were female
(mean age, 81.62 + 1.80). The average male age was higher than
that of females (p=0.001). The age distribution was as follows:
80 to 84 years (136 patients; 84%), 85 to 89 years (22 patients;
13.6%), and over 90 years (4 patients; 2.5%). A total of 85 pa-

Variable No. (%)
1. History of diabetes mellitus 47 (29.0)
2. Functional status 2 (not independent) 25(15.4)
3. History of chronic obstructive pulmonary disease or pneumonia 5(3.1)
4. History of congestive heart failure 1(0.6)
5. History of myocardial infarction 1(0.6)
6. History of percutaneous coronary intervention, stenting, or angina 18 (11.1)
7. History of hypertension requiring medication 113 (69.8)
8. History of peripheral vascular disease or ischemic rest pain 4(2.5)
9. History of impaired sensorium 5(3.1)

10. History of transient ischemic attack or cerebrovascular accident 4(2.5)

11. History of cerebrovascular accident with neurological deficit 5(3.1)
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tients underwent posterior fusion surgery and 77 patients un-
derwent laminectomy:.

The average survival of overall patients was 98.1% at 3-month
postsurgery, 95.1% at 1 year, 80.9% at 5 years, and 74% at 8-year
postsurgery (48-month median follow-up: 1-105 months). No
patient was lost to follow-up. Survival according to sex had no
statistical significance (p=0.051). Three patients expired at 3
months and 8 patients at 1 year postoperatively (Table 2, Fig. 1).

The mean age of patients who underwent posterior lumbar
fusion (81.75+2.19 years) was lower than in patients who un-
derwent laminectomy (82.86 +3.09 years) (p=0.01). Except for
age, the BMD, BMI, and mFI were not significantly different
between the laminectomy group and the posterior lumbar fu-
sion group (Table 3). The mean survival time was higher in pa-
tients who underwent fusion surgery (95.86 months [89.8-101.92])
compared to laminectomy (79.17 months [71.82-86.52]) (p=0.03).

To see an effect on the survival according to the fusion level,
we divided fusion surgery patients into who underwent 1- or
2-level fusion (n=65) and those who underwent more than
3-level fusion surgery (n=12). There was no significant differ-

ence in age, EBL, operation time. mFI scores were lower in more

than 3-level fusion surgery than 1- or 2-level fusion surgery
(0.15£0.1 vs. 0.08£0.08, p=0.014). Both in the log-rank test
for overall survival time and in the mortality rate at 3 months
and 1 year, there was no statistically significant difference.
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Fig. 1. Kaplan-Meier 8-year survival curves in patients who
underwent spine surgery for spinal stenosis according to frailty.

Table 2. Demographic characteristics and cumulative 8-year survival in patients who underwent lumbar spine surgery

Variable No. (%) Age (yr), Bl S—Month 1-.Year 5iYear 8—'Year Mean survival time
mean + SD survival (%) survival (%) survival (%) survival (%) (95% CI)

Total 162 (100)  82.33+2.75 98.1 95.1 80.9 74 88.64 (83.15-94.13)

Sex
Male 80 (49) 83.06+3.31 98.8 96.3 85 60.4 82.97 (74.96-91.84)
Female 82 (51) 81.62+1.80 <0.001* 97.6 93.9 90.2 85.1 88.58 (82.51-94.66)
p-value 0.618 0.68 0.051

Type of surgery
Fusion 77 (48) 81.75£2.19 97.4 96.1 88.5 88.5 95.86 (89.8-101.92)
Nonfusion 85 (53) 82.86+3.09 0.01* 98.8 94.1 74.9 62.9 79.17 (71.82-86.52)
p-value 0.605 1.000 0.032*

Age (yr)
80-84 136 (84) - 98.5 95.6 80.5 78.2 86.38 (81.21-91.56)
85-89 22 (14) - 95.5 90.9 81.8 40.9 82.71 (67.61-97.81)
=90 4(2.5) - 100 100 25 No data 39.25(19.56-58.94)

Frailty
Robust 34 (21) 82.18+3.42 100 97.1 85.3 85.3 85.06 (76.14-93.98)
Prefail 107 (66) 82.32+£2.63 99.1 95.3 80.8 78 90.17 (83.87-96.47)
Frail 21(13) 82.67+2.13 0.81 90.5 90.5 75.2 50.1 73.96 (58.56-89.36)
p-value 0.043* 0.109 0.381

SD, standard deviation; CI, confidence interval.
*p <0.05, statistically significant difference.
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Table 3. Correlates of patients according to surgery type

All patients

Posterior lumbar fusion

Laminectomy

Variable (n=162) (n=77) (n=85) p-value
Age (yr) 82.33+2.75 81.75+2.19 82.9+3.09 0.01*
Sex, male:female 80:82 43:42 37:40 0.747
Body mass index (kg/m?) 232+35 23.0£3.42 23.39+3.59 0.485
BMD (T-score) -2.11+£1.04 -2.05+1.13 -2.18£0.96 0.464
EBL (mL) 454 +398.3 715+374.4 219+242.5 <0.001*
mFI 0.141+0.108 0.139+0.100 0.142+0.115 0.842
Operation time (min) 152.8+70.6 200+ 66.0 110+41.6 <0.001*
ASA PS classification 2.44+0.71 2.53+0.64 2.36+0.77 0.136

Values are presented as mean + standard deviation or number.

BMD, bone mineral density; EBL, estimated blood loss; mFI, modified frailty index; ASA PS, American Society of Anesthesiologists physical

status.
*p <0.05, statistically significant difference.

Table 4. Patient demographics according to frailty group and components of the modified frailty index

Variable All patients (n=162)  Robust (n=34) Prefail (n=107) Frail (n=21) p-value
Age (yr) 82.33+2.75 82.18+3.42 82.32+2.63 82.67+2.13 0.148
Sex, male:female 80:82 22:12 47:60 11:10 0.225
Mean body mass index (kg/m?) 232 22.8 234 23.1 0.916
Mean BMD (T-score) 2.1 -2 2.2 -1.8 0.399
Type of surgery

Fusion:laminectomy 77:85 17:17 50:57 10:11 0.892
Mean EBL (mL) 454.8 515.3 432.2 471.9 0.744
Mean operation time (min) 152.8 162 152.5 139.5 0.588
Mean ASA PS classification 2.44 2.29 243 2.76 0.660

Values are presented as mean + standard deviation.

BMD, bone mineral density; EBL, estimated blood loss; ASA PS, American Society of Anesthesiologists physical status.

1. Survival According to Frailty

The mean and median mFI of the study population were 0.18
(standard deviation, 0.09) and 0.09 (IQR, 0.09-0.18), respec-
tively. The maximum mFI was 0.45 (frailty score of 5), which
was present in 1 patient. A total of 34 patients (21.0%) were ro-
bust, 107 (66.0%) were prefrail, and 21 (13.0%) were frail. The
prevalence of individual frailty components is shown in Table 1.
Hypertension was the most common individual component of
frailty, present in 69.8% of the population. There was no differ-
ence in age, sex, BMI, BMD, surgery type, EBL, operation time,
and ASA physical status classification among the groups (Table
4). The 8-year survival of robust, prefrail, and frail patient groups
was 85.3%, 78%, and 50.1%, respectively, and no difference be-
tween each survival curve was identified. However, with linear-
by-linear association tests, 3-month survival was related to frail-
ty at 100% in robust, 99.1% in prefrail, and 90.5% in frail patients
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Table 5. Cox analysis of factors related to patient survival

Risk factor Hazfird 95% CI  p-value
ratio

Modified frailty index 0.09 vs. 0 1232 045-340  0.69
Modified frailty index >0.18 vs.0 1972 0.56-6.93  0.29
Age 1.125  1.00-1.26  0.04*
Fusion to laminectomy 0.442  0.19-1.02  0.06
Body mass index 1.000  0.90-1.11  0.99
Bone mineral density 1.454  0.99-2.13  0.05
Male to female 1.563  0.67-3.62  0.30

CI, confidence interval.
*p <0.05, statistically significant difference.

(p=0.043) (Table 2, Fig 1).
In Cox multivariate analysis, age (hazard ratio [95% CIJ, 1.125
[1.003-1.262]) was a variable associated with survival. Howev-
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Table 6. Characteristics of mortality cases within 1 year after surgery

Case No.  Age/sex Underlying Diseases sr:cile Frailty Surgery type Cause of death I;/Ifi)errtzlliltr};)g:;

1 80/Female Hypertension 0.09  Prefrail 1-Level PLIF+PS Sudden cardiac arrest 5 Days

2 80/Female Hypertension, asthma, 0.27 Frail ~ 1-Level laminectomy Pneumonia 35 Days
cor pulmonale

3 81/Male Hypertension, impaired ADL, 0.27 Frail ~ 3-Level PLF+PS Pneumonia 43 Days
delirium

4 86/Female Hypertension 0.09  Prefrail 1-Level laminectomy Pancreatic cancer 4 Months

5 82/Male None 0.00 Robust 3-Level laminectomy  Traffic accident 6 Months

6 80/Male Hypertension 0.09 Prefrail 1-Level PLIF+PS Sudden cardiac arrest 10 Months

7 83/Female Hypertension, diabetes mellitus ~ 0.18 Prefrail 1-Level laminectomy  Stroke 11 Months

8 83/Female Hypertension, impaired ADL 0.18 Prefrail 1-Level laminectomy Sudden cardiac arrest 11 Months

mFI, modified frailty index; ADL, activities of daily living; PLIE, posterior lumbar interbody fusion; PLE, posterolateral fusion; PS, pedicle

screws fixation.

er, frailty, type of surgery, BMD, BMI, EBL, surgery time, fusion
level, and sex did not affect patient survival (Table 5).

Table 6 shows the details of patients who expired within 1 year
after surgery. Two frail patients expired of pneumonia within 3
months after surgery and one prefrail patient expired of sudden
cardiac arrest 5 days after surgery. One robust patient expired
due to a traffic accident 6 months after surgery, and the other 4
were prefrail patients who expired within a year due to medical
problems. Patients who expired within 3 months after surgery
are described in detail below.

2. Early Mortality Cases
1) Case 1

An 80-year-old prefrail female patient with a history of hy-
pertension, lumbar discectomy, underwent revision laminecto-
my with 900-mL EBL, and operation time of 160 minutes. On
the 5th day after surgery, he expired due to sudden cardiac ar-
rest in the ward.

2) Case 2

An 80-year-old frail female patient with hypertension, asth-
ma, and cor pulmonale underwent revision posterior lumbar
interbody fusion surgery on the site where partial hemilami-
nectomy was performed 12 years ago, and the operation time
was slightly longer with 245 minutes, EBL was 700 mL, and in-
cidental durotomy was occurred during the operation. After
surgery, she got an acute renal failure and a pneumonia, and on
the 35th day after surgery, the patient expired due to multior-
gan failure following a pneumonia deterioration.

https://doi.org/10.14245/ns5.2040688.344

3) Case 3

An 81-year-old frail male patient with hypertension, demen-
tia, and impaired activities of daily living was presented with
quadriparesis after a trauma to the site of stenosis. Before a sur-
gery, a pneumonia was suspected on his chest x-ray, 3-level pos-
terolateral fusion and pedicle screw fixation emergency surgery
were performed with 350 mL of EBL and 195 minutes of sur-
gery time. He expired on day 43 due to pneumonia deteriora-
tion.

DISCUSSION

People older than 80 years now constitute a rapidly growing
portion of the population, and the need for lumbar spinal sur-
gery for elderly patients is increasing.”” We have seen short- and
long-term survival in lumbar spinal surgery in patients over 80
years according to frailty.

It has already been revealed that in the case of 1- or 2-level
lumbar fusion surgery, age over 80 years is an important factor
in 3-month mortality rate and 1-year mortality rate, which is
3.5-fold and 2.6-fold higher than those of patients aged between
65 and 79, respectively.* However, in 10-year survival, it was re-
ported that standardized mortality ratio in patients who received
lumbar spinal surgery in the 70- to 85-year age group was 0.45
compared to the general population group.'® There are debates
as to whether surgery has a positive or negative influence on
long-term survival, but there is no doubt that surgical treatment
has a better outcome for intractable pain or radiculopathy.'”'®
This is because of reducing coronary artery disease by improv-
ing ambulation, increasing mobility, and increasing cardiovas-
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cular fitness by reducing intractable pain.'**

Fusion surgery has higher rates of postoperative complica-
tion in older age groups than decompression surgery, but little
is known about the long-term survival after surgery. Posterior
lumbar fusion surgery is known to have more complications
than decompression surgery due to increased blood loss, longer
operation time, and higher infection rate.”* In this study, un-
expectedly, patients with fusion surgeries showed higher mean
survival compared to patients with laminectomy. We can pre-
sume that there would be selection bias because surgeons prefer
posterior lumbar fusion for patients who are healthier preoper-
atively. Kim et al.'® discussed that in patients over 65 years of
age, 10-year survival rate of patients with fusion surgery was
greater than the adjusted corresponding portion in general due
to these reasons. Thus, we investigated the differences between
laminectomy and posterior lumbar fusion groups with regard
to age, BMI, BMD, and mFI. Given our results that only age
was different between the groups, we presumed that it might be
influenced by the higher average age of the decompression sur-
gery group than the fusion surgery group, but there could be
many other significant differences that were not evaluated in
this study.

Previous reports have shown that higher frailty resulted in
increased postsurgical complication rates and higher mortali-
ty.'** In these studies, 2.3% to 10% 3-month mortality rates have
been reported after spinal surgery in frail patient groups.*** In
our study, unlike these studies, survivals were compared using
frailty indexes with a group of patients over 80 years of age who
underwent posterior lumbar surgery for a single disease. Our
result was a 3-month mortality of 9.5% in the frail patient group,
both deaths of which were due to septic shock caused by pneu-
monia after surgery. On the other hand, robust patients within
1 year after surgery showed no death due to medical problems
other than a traffic accident. Although our study did not reveal
the relationship between longer operation time, longer fusion
level, larger EBL, and early mortality, however, when reviewing
our early mortality cases, careful attention should be paid to the
surgical decision of patients with an unexpected long surgery
time and cardiopulmonary problems under general anesthesia
in patients over 80 years of age. In addition, when fusion sur-
gery patients were grouped into 1- or 2-level fusion and 3- or
more level fusions, only 12 patients with fusion surgery at level
3 or higher were included. It could be a type II error that there
was no difference in a short-term mortality and overall survival
time in long-level fusion surgery where there are more EBL and
longer operation time. A large group study is necessary to re-
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veal this.

Large-scale studies continue to show that high frailty index is
a risk factor related to patient long-term survival.»”* As age
increases, frailty index tends to increase, which is associated
with the accumulation of adverse events below the subcellular
level, indicating that the risk of adverse events may differ even
in people of the same chorological age.”® In the Cox multivari-
ate analysis of our study, we compared survival for 8 years ac-
cording to frailty, and no statistical significance was found. The
maximal mFI of enrolled patients was 0.45, which was present
in only 1 patient. Since patients with poor health conditions, as
with cancer history excepted from this study, are likely to be ex-
cluded before surgery due to surgeon selection bias, the frailty
of octogenarians in the general population and the patient group
in our study could be different and a bit healthier preoperative-
ly. This exclusion of severe frail patients may have concluded
that the survival was associated only with age and not with frail-
ty in multivariate analysis. However, the 3-month mortality rate
was significantly higher in patients with an mFI over 0.21 accord-
ing to our results. We thought that mFIs have a clinical impact
on perioperative period. For long-term follow-up, there would
be various confounding factors influencing life expectancy. And,
this selection bias, one on the main limitation of this study could
be teased out by using a propensity score matching.

The major strengths of this study were that we determined
the survival rates of patients with long follow-up without a fol-
low-up loss and surveyed patients with obtaining an accurate
survival rate and causes of death. Limitations of this study in-
clude the lack of a control group, small patient groups, and its
retrospective nature. To overcome this limitation, our survival
should be compared with an age and sex-matched studies. The
number of patients over the age of 90 and frail group was small,
so there was a limit to obtaining more powerful statistical re-
sults. Surgeon selection bias to rule out unhealthy patients from
surgery was inevitable in this study. A randomized controlled
trial with larger patient groups would be better to control for
this bias.

CONCLUSION

Posterior lumbar surgery in patients over 80 years of age with
frailty showed higher mortality in the short-term period, but
no difference was found in long-term survival. Therefore, cau-
tion is needed regarding short-term postoperative complications
when frail patients undergo such a surgery.
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