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reveals controversy over the safety of lumbar spinal fusion sur-
gery in the elderly due to varying findings on the risk. Several re-
searchers raised concerns over increased morbidity, cautioning 
against spinal surgery in the older population3,17). The goal of this 
study was to evaluate; 1) the complication rate in relation to peri-
operative complications, general factors such as age, sex, comor-
bidity, American Society of Anesthesiologists (ASA) class, and 
fusion segments involved, and 2) examine the clinical outcomes 
of lumbar spinal fusion surgery for degenerative lumbar diseases 
for patients 70 years and older in contrast to patients younger 
than 65 year of age.

MATERIALS AND METHODS

Patient population
In this study, the patient population of a specific age group 

INTRODUCTION
 
As the size of the geriatric population increases, the number of 

elderly patients diagnosed with painful degenerative diseases of 
the lumbar spine requiring surgery is expected to rise concomi-
tantly. Many patients require lumbar spinal fusion surgery with 
instrumentation along with decompression to treat the degenera-
tive lumbar disease. Often, patient age is a major factor in decid-
ing to which extent surgeries could or should be performed, and 
it is perceived that morbidity is increased with extensive surgeries 
in older patients32). The geriatric population may be at increased 
risk for complications because of age and age-associated medical 
conditions. However, there is a lack of studies addressing the 
perioperative complications in elderly patients with decompres-
sion, arthrodesis of the lumbar spine, and the post operative out-
comes of lumbar spinal fusion surgeries24). A review of literature 
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titis and liver cirrhosis) and endocrine (diabetes mellitus, hypo-
thyroidism and hyperthyroidism).

Surgical treatment
The standard surgical procedure was in steps sequenced as 

follows : partial hemilaminectomy, transpedicular screw fixa-
tion, and both posterior lumber interbody fusion with cage and 
posterolateral fusion. The mean operation time was 198.2 min-
utes, the mean estimated blood loss was 325.8 cc, and the mean 
transfusion was 185.7 cc. In general, surgeries were performed 
in degenerative cases when conservative treatment over three 
months failed to improve the patients’ symptoms. In this study, 
the four neurosurgeons’ techniques were interchangeable.

Postoperative care
Patients were ambulated from the second postoperative day 

with rigid molded plastic braces or lumbar corsets. Initially, the 
patients were treated with analgesia for control of acute pain by in-
travenous injection, and then weaned to mild oral narcotic thera-
py and NSAIDs that were discontinued as quickly as possible.

Complications
The term “complication” in this study is defined broadly and 

differently from published literature. In this study, a complica-
tion was any event requiring specific management during the 
perioperative period, including the intra-operative and post-
operative periods. All complications were verified by retrospec-
tive chart reviews.

Evaluation of outcome
The patients enrolled in this study were followed-up for at 

least 12 months postoperatively.  The average follow-up periods 
were 19.7 months. We used MacNab’s criteria to evaluate objec-
tive neurologic improvement.  

Statistical analysis
The frequency analysis, simple and multiple logistic regres-

sion analysis, and χ2 test were done using SPSS ver. 19.0 logistics 
program (SPSS Inc., Chicago, IL, USA). Frequency analyses test-
ed demographic characteristics. Logistic regression analyses 
were done to investigate whether complications were effected by 
age, sex, comorbidity, ASA class, or fusion segments. Fisher’s 
exact test was carried out to compare how the complications af-
fected the MacNab’s criteria results after final follow-up. p-val-
ues <0.05 were considered statistically significant. For each vari-
able, odds ratio (OR) and 95% confidence interval (CI) were 
calculated.

RESULTS

Patient population
During the five-year study period, the 485 patients met the 

inclusion criteria and underwent lumbar spinal fusion surgeries 

was selected based on the type of surgeries the patients received 
in a specific time period. The 485 patients underwent lumbar 
spinal fusion surgeries between March 2006 to December 2010. 
Patient population was divided into two groups according to 
the definition of “geriatric” : 70 years and older (group 1), and 
younger than 65 years (group 2). The post-operative follow-up 
period was more than 12 months. Lumbar spinal fusion surger-
ies were performed by 4 neurosurgeons at a single institute. We 
included patients with degenerative spine diseases, and exclud-
ed patients with age between 65 and 69 years, spine traumas, 
spinal revision surgeries, and spine tumors in order to avoid un-
expected co-morbidities. Data related to these patients were 
evaluated by a single observer using the standard hospital charts, 
outpatient notes, electronic medical records, operative reports, 
and preoperative and postoperative imaging studies. The fol-
lowing demographic variables were evaluated : age, sex, treat-
able or non-treatable medical co-morbidities, the preoperative 
ASA classification of physical status, and segment of fusion.

Co-morbidities
All patients were evaluated for co-morbidities such as cardio-

vascular, renal, pulmonary, hepatic problems and diabetes mel-
litus. Co-morbidities were subdivided as follows : cardiovascular 
(hypertension, arrhythmia, angina, coronary artery disease, and 
congestive heart failure), renal (nephrotic cancer, ureter stone, re-
nal cyst and acute or chronic renal failure), pulmonary (lung ab-
scess, tuberculosis, emphysema, chronic obstructive pulmonary 
disease, and asthma), hepatic (common bile duct stones, hepa-

Table 1. Demographic detail

Parameter No. of patients (%)
Age (years old)
    ≥70 174 (35.9)
    <65 311 (64.1)
Sex
    Female 329 (67.8)
    Male 156 (32.2)
Comorbidity
    Exist  204 (42.1)
    None  281 (57.9)
ASA class
    I  303 (62.5)
    II  149 (30.7)
    III  33 (6.8)
Fusion segment
    1 level  247 (50.9)
    2 level 179 (36.9)
    3 level  41 (8.5)
    4 level  18 (3.7)
Complication
    Occur    81 (16.7)
    None    53 (83.3)

ASA : American Society of Anesthesiologists
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(Table 1). Of these, 156 patients (32.2%) were male and 329 
(67.8%) were female, and there were 174 patients (35.9%) in 
group 1 and 311 patients (64.1%) in group 2. The mean age was 
57.5 years. (group 1, 72.7 years; group 2, 48.9 years). The num-
ber of patients in the age group 70-75, 75-79, and 80-85 were 
92, 56, and 26, respectively. 204 (42.1%) of the patients had co-
morbidities. The general condition of those patients varied by 
ASA class : ASA class I (303 patients, 62.5%), ASA II (149 pa-
tients, 30.7%) and ASA III (33 patients, 6.8%). Fusion segment 
levels were categorized as 1 segment (247 patients, 50.9%), 2 
segments (179 patients, 36.9%), 3 segments (41 patients, 8.5%), 
4 segments (18 patients, 3.7%). The average fusion segment 
length was 1.65 segments. The most commonly treated levels 
were L4-5 and L3-4. Complications were encountered in 81 pa-
tients (16.7%). In group 1, complications occurred in 35 pa-
tients (20.1%), and in group 2, complications occurred in 51 
patients (14.8%).

Comorbidities
Among the observed comorbidities, the most common prob-

lem was hypertension, which was present preoperatively in 81 
patients (39.7%). Other comorbidities were cardiovascular dis-
eases (32 patients, 15.7%), renal diseases (29 patients, 14.2%), 
pulmonary diseases (36 patients, 17.6%), endocrine disease (75 
patients, 36.8%), and hepatic diseases (20 patients, 9.8%). In addi-
tion, 47 patients (23.0%) had more than one comorbidity (Table 
2). We also estimated the correlation between age and underlying 
disease. Underlying diseases were accompanied in 52.9% of the 
geriatric patients and there was a statistically significant associa-
tion between age and underlying disease (p=0.017) (Table 3).

Complications 
Complications arising in the 81 patients are organized in Table 

4. The total peri-operative complication rate in all patients was 
16.7%; the peri-operative complication rate in age group 1 was 
20.1%, while the complication rate in group 2 was 14.8%. The 
most common complication was wound dehiscence (25.9%), 
and the second most prevalent was ileus, found in 16.0% of cas-
es. Twenty-six of all complications required re-operation (3 cas-
es of dura tearing, 10 cases of wound dehiscence, 2 cases of he-
matoma accumulation, 4 cases of superficial wound infection, 2 
cases of deep wound infection, and 5 cases of screw malposi-
tion). All, except one patient, overcame the complications with 
proper treatment. The patient who presented with an acute 
myocardial infarction (AMI) had a cardiac arrest on the third 
day after the surgery and died.

The results of the logistic regression analysis are in Table 5, 
displaying results of univariate and multivariate analysis in order 
of age, sex, comorbidity, ASA class, and fusion segment. Age was 
the only statistically significantly factor in both univariate and 
multivariate analyses (p=0.015 and 0.024). No correlation was 
found to be statistically significant between complications and 
sex, comorbidity, ASA class, fusion segment (p>0.05).

Table 2. Co-morbidity details in 204 patients

Condition Number of patients (%)
Hypertension   81 (39.7)
Cardiovascular disease   32 (15.7)
    Arrythmia 11 (5.4)
    Angina 12 (5.9)
    Coronary artery disease   5 (2.4)
    Congestive heart failure   4 (2.0)
Renal disease   29 (14.2)
    Nephrotic cancer   3 (1.5)
    Ureter stone 11 (5.4)
    Acute renal failure   2 (1.0)
    Chronic renal failure   9 (4.4)
    Renal cyst   4 (2.0)
Pulmonary disease   36 (17.6)
    Lung abscess   2 (1.0)
    Tuberculosis   8 (3.9)
    Emphysema   5 (2.5)
    Chronic obstructive pulmonary disease 12 (5.9)
    Asthma   9 (4.4)
Endocrine disease                             75 (36.8)
    Diabetes Mellitus   65 (31.9)
    Hypothyroidim   7 (3.4)
    Hyperthyroidism   3 (1.5)
Hepatic disease 20 (9.8)
    Common bile duct stone   5 (2.5)
    Hepatitis   8 (3.9)
    Liver cirrhosis   7 (3.4)
Multiple   47 (23.0)

Table 3. Univariate analysis between age and concomitant disease*

Variable
Concomitant diseasein

p value
Exist        None

Age
    ≥70       92             82 0.017
    <65     112           199

*p<0.05

Table 4. List of complications in 81 patients

Complication Number of patients
Dural tearing   4
Wound dehiscence 21
Deep wound infection   4
Superficial wound infection   7
Screw malposition   7
Cage malposition   1
Hematoma/seroma   4
Neurological deficit   4
Ileus 13
Pneumonia   5
Delirium   8
Acute renal failure   2
Acute myocardial infarction   1
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be older than 65 years, greatly exceed-
ing the worldwide mean of 16.2%. An 
aging population will consequently suf-
fer from age-related degenerative dis-
eases, such as disorders of the spine. 
Advances in anesthesiology, spinal in-
strumentation, and postoperative care 
have made spinal procedures safer, with 
a decrease in morbidity and mortality, 
as well as continued improvements in 
patient outcomes6). Recognizing pre-
dictors of complications or poor out-
come for the geriatric population is 
crucial for perioperative risk assess-
ment and applying appropriate preven-
tative procedures. If symptoms of de-
generative spinal diseases persist after 
conservative treatments, surgical treat-
ments may be considered5,9,15). 

Similar to several previous retrospec-
tive studies, the complication rate in this 
analysis was 16.7%2,8). In a review of 105 
spine surgery articles, Nasser et al.22) re-
ported an overall pooled complication 

incidence of 16.4%. At 2.6% incidence rate, the most common 
perioperative complication observed in this study was wound 
dehiscence. Re-operation after a spinal fusion surgery may be 
considered a failure of the initial surgery by the patient and the 
surgeon. It also represents an additional procedure in patients 
who are already at significant risk for complication6). Mok et al.21) 
recently evaluated the need for revision surgery in patients un-
dergoing adult spine surgery, finding a cumulative rate of 25.8%, 
while Cloyd et al.6) reported a re-operation rate of 27.4% in pa-
tients at least 65 years old who presented with a wide range of 
spine pathologies. Recently, Lee et al.20) reported that the rate of 
revision surgery due to complications was approximately 47%. 
In our study, the rate of revision surgery due to complications 
was approximately 40.6%, but age was not associated with the 
need for re-operation. 

Okuda et al.23) found that patients older than 70 years who 
underwent posterior lumbar interbody fusions for spondylolis-
thesis had a complication rate of 16%, which was not signifi-
cantly different from that in younger patients. KilinÇer et al.18) 

agreed that age did not affect the complication rates of posterior 
lumbar interbody fusion, but they did not report a complica-
tion rate separately for older patients. Vitaz et al.33) suggested 
that elderly patients with lumbar spinal diseases can be surgi-
cally treated in the same manner as the younger patients.

On the other hand, Deyo et al.8) researched retrospective 
analysis of a statewide hospital discharge registry, in which 
more than 18000 hospitalization data were complied over a 
two-year period, excluding patients with nondegenerative pa-
thologies, authors reported an overall complication rate of only 

Post-operative outcome
Based on the mean MacNab’s criteria, post-operative outcome 

of 485 patients revealed as “excellent” in 280 patients (57.7%), 
“good” in 132 patients (27.2%), “fair” in 57 patients (11.8%), and 
“poor” in 16 patients (3.3%). For those patients who showed “ex-
cellent” or “good” results, patients had satisfactory improvements. 
On the other hand, “fair” or “poor” outcomes occurred in 73 pa-
tients (15.1%). Patients in both age groups showed comparable 
post-operative outcomes; 143 (82.2%) patients in age group 1, 
and 308 (86.5%) patients in age group 2 showed “excellent” or 
“good” results.

Based on Fisher’s exact test, which was done to find the corre-
lation between occurrence of perioperative complications and 
post-operative outcome, there was no statistically significant re-
lationship between perioperative complications and “excellent” 
or “good” group in MacNab’s criteria (Table 6).

DISCUSSION
 
The number of elderly persons in the Republic of Korea con-

tinues to grow; by 2050, 38.2% of the population is expected to 

Table 5. Results of univariate and multivariate analysis*

Parameter Number of 
patients (%) Complication (%)

p-value
Univariate Multivariate

Age 0.015 0.024
     ≥70 174 (35.9) 35 (20.1)
     <65 311 (64.1) 46 (14.8)
Sex 0.412 0.651
    Female 329 (67.8) 58 (17.6)
    Male 156 (32.2) 23 (14.7)
Comorbidity 0.132 0.325
    Exist 204 (42.1) 46 (22.5)
    None 281 (57.9) 35 (12.5)
ASA class* 0.376 0.513
    I 303 (62.5) 49 (16.2) 
    II 149 (30.7) 26 (17.4) 
    III 33 (6.8)   6 (18.2) 
Fusion segment* 0.297 0.446
    1 level 247 (50.9) 44 (17.8)
    2 level 179 (36.9) 27 (15.1) 
    3 level 41 (8.5)   6 (14.6)
    4 level 18 (3.7)   4 (22.2) 

*Values are listed as OR (95% CI). p<0.05. ASA : American Society of Anesthesiologists, OR : odds ratio, CI :  
confidence interval

Table 6. Relationship between perioperative complication

“Excellent” or “Good” group in 
MacNab’s criteria (%) p-value*

Complication 0.434
    Occur 28.4
    None 71.6

*p-value of Fisher’s Exact test 
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ative complications in older patients undergoing lumbar ar-
throdesis with instrumentation. Similarly, Cassinelli et al.4) re-
ported that fusion of four or more segments was a predictor of 
complications. The mean number of levels fused in these stud-
ies was 2.4 and 1.9, respectively. On the other hand, Daubs et 
al.7) studied patients 60 years and older who underwent spinal 
arthrodesis with a mean of 9.1 levels fused and found no associ-
ation between the length of fusion and complication risk. More-
over, Glassman et al.10) advised that extending the fusion length 
may actually improve clinical outcomes in correcting poor sagit-
tal balance or spinal cord compression. In our study, there was 
no significant association between the number of segments 
fused and the risk of perioperative complications in patients of 
all ages, including the elderly (univariate analysis, p=0.297; mul-
tivariate analysis, p=0.446). 

Our last followed outcome based on MacNab’s criteria con-
cluded that 412 (85.0%) out of 485 people had excellent or good 
results since they have resumed their daily activities with mini-
mal, if any, pain. The results for MacNab’s criteria in age group 1 
(70 years and older) and 2 (younger than 65 years) were 82.2% 
and 86.5%, showing only a small difference. These results are 
comparable with those in other reports of favorable outcomes, 
not only in the elderly, but in patients younger than 70 years as 
well. Lee et al.19), reported a study with 30 patients who under-
went PLIF (mean age 53.53±6.6). The analysis of MacNab’s cri-
teria results showed 10% as “excellent” and 66.7% as “good”. In a 
similar study by Sakeb and Ahsan28), a total of 52 cases (11 men 
and 41 women, mean age 46 years SD 05.88, range 40-59 years) 
were analyzed on the outcome one year after PLIF surgeries. 
The reported MacNab’s criteria results were 55.77% “excellent” 
and 38.46% “good”. Hur et al.14) examined 20 patients (mean 
age 70 years) who underwent laminectomy and fusion. The 
MacNab’s criteria analysis at 6 months after operation had out-
comes of 7% “excellent” and 86% “good”. Sanderson and Wood29) 
indicated excellent or good results in 81% of their patients 65 
years of age or older during an average follow-up period of 42 
months. Silvers et al.31) reported that 93% of the patients in their 
study (average age, 65 years) had relief of pain, and that 5% re-
turned to activity in the short-term outcome analysis. Herkow-
itz and Kurz12) also reported a 96% rate of excellent or good re-
sults during an average follow-up period of 3 years for patients 
with a mean age of 65 years (range, 30-87 years) who received 
decompression and arthrodesis for degenerative spondylolis-
thesis. Johnsson et al.16) agreed with excellent or good results in 
approximately 60% of the patients in their study with a mean 
age 61.3 years (range, 48-80 years). Postacchini et al.26) reported 
excellent or good results for 67% of the patients during an aver-
age period of 8 years (range, 4-21 years). Lastly, Hall et al.11) re-
ported excellent or good results during a mean follow-up peri-
od of 4 years in 84% of patients, whose mean age was 63 years 
(range, 32-83 years). 

 While the findings of the current study are important, there 
are several limitations. First, as this is a retrospective analysis, 

10.3% for the surgical treatment of degenerative lumbar spine 
disease, although the rate for patients older than 75 years was 
higher (18%). In a different study, Cloyd et al.6) indicated an 
alarming 24.2% of elderly patients presented a major postoper-
ative complications, and 53.2% showed at least one in-hospital 
complication; the authors found that age was a risk factor for 
major postoperative complications. Recently, Lee et al.20) retro-
spectively investigated 489 patients with various lumbar spinal 
diseases who had lumbar spinal fusion surgeries and showed a 
difference between the older (70 years and older) and younger 
patients (under 65 years old); the complication rate of the older 
group was 9%, while that of the younger group was 6%. How-
ever, in this study, medical complications were excluded. Our 
data further supports the statistically significant difference in 
peri-operative complication rate between the older and young 
groups; the complication rate of the older group was 20.8%, 
while that of the younger group was 14.8% (univariate analysis, 
p=0.015; multivariate analysis, p=0.024).

The mortality rate of 0.6% in the elderly group studied by Deyo 
et al.8) was approximately three times greater than the rates com-
monly cited for lumbar diskectomy. Silvers et al.31) reported a 
mortality rate of 0.8% for mortalities that occurred 1 to 2 months 
after the surgeries. In our study, one patient (0.2%) died three 
days after the surgery due to an AMI (Table 4). The deceased pa-
tient had AMI history as a comorbidity. The operation was per-
formed on Level 1 (L4-5), and duration was 196 minutes. The 
blood loss was 350 cc, comparatively less than the mean blood 
loss, and a transfusion was not necessary. There were no varianc-
es during or post operation in the status of the patient. This 
study’s mortality rate of 0.2% is lower than other reported rates.

The relationship between comorbidities and surgical outcome 
has been historically controversial. Early studies examining the 
effect of age on decompression with fusion for lumbar stenosis 
affirmed that the multiple comorbidities were associated with 
perioperative complications17,25,30). Katz et al.18) reported that 
cardiovascular, musculoskeletal, and other comorbidities led to 
poorer scores in most of the outcome measurements. However, 
for lumbar spinal fusion surgeries in the elderly, several recent 
studies have found the opposite to be true1-4,18). In the study by 
Lee et al.20), perioperative complications were not significantly 
associated with comorbidities. The results of our study indicat-
ed that for lumbar spinal fusion surgeries, presence of comor-
bidities was not associated with perioperative complications 
(univariate analysis, p=0.132; multivariate analysis, p=0.325). 
Also, our study revealed that ASA classifications were not sta-
tistically significant (univariate analysis, p=0.376; multivariate 
analysis, p=0.513).

Elderly patients who are diagnosed with symptomatic spinal 
pathology may require single or expansive lumbar fusions to 
ensure adequate fusion and inhibit future instrumentation-re-
lated complications6). Several studies have proposed that longer 
fusion lengths may lead to an increased risk of complications in 
the elderly3,4,27). Carreon et al.3) found an OR of 2.4 for postoper-
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for which the limitations are well known, results may underesti-
mate the actual complication incidence. It is common in retro-
spective studies for investigator recall bias to be introduced, 
whereby the accuracy of medical records may lead to falsely 
low reported rates of complication13). Second, there are oppor-
tunities for several other biases. Given the significant complexi-
ty of the patient population, the current study population may 
not represent the spine surgery population as a whole. There-
fore, these findings may not be applicable to the general spinal 
fusion surgery patients.

CONCLUSION

Increasing age was an important risk factor for perioperative 
complications in patients undergoing lumbar spinal fusion sur-
gery, whereas other factors were not significant. However, pa-
tients’ satisfaction or return to daily activities when compared 
with younger patients does not show much difference. We rec-
ommend good clinical judgment as well as careful selection of 
geriatric patients for lumbar spinal fusion surgery. 
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