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Abstract

Study Design: A review of a prospective database.

Objectives: Surgery for elderly patients is increasing yearly due to aging of society and the desire for higher quality of life. The
goal of the study was to examine perioperative complications in spine surgery in such patients.

Methods: A multicenter study of surgical details and perioperative complications was performed in 35 patients aged older than
90 years who underwent spinal surgery, based on a review of a prospective database. The frequency and severity of complications
were assessed, and the effects of patient-specific and surgical factors were examined. Major complications were defined as those
that were life threatening, required reoperation in the perioperative period or left a permanent injury. Ambulatory function
before and after surgery was also analyzed.

Results: Perioperative complications occurred in 19 of the 35 cases (54%), and included 11 cases of postoperative delirium, most
of which occurred after cervical spine surgery. There were 8 major complications (23%), including cerebral infarction (n ¼ 3),
coronary heart disease (n ¼ 3), pulmonary embolism (n ¼ 1), and angina (n ¼ 1). Preoperative motor deficit, operative time,
estimated blood loss, and instrumented fusion were significantly associated with major complications. An improved postoperative
ambulatory status occurred in 61% of cases, with no change in 33%, and worsening in 2 cases (6%).

Conclusions: Timing of surgery before paralysis progression and reduced surgical invasiveness are important considerations in treat-
mentof the very elderly. Improvedoutcomes canbeobtainedwithbettermanagementof spine surgery for patients aged90yearsorolder.
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Introduction

Japanese society is progressively aging and there are now 9.64

million people aged more than 80 years in Japan, accounting for

7.6% of the total population in 2014. This number is 1.5 times

higher than 10 years ago, 2.4 times higher than 20 years ago, and

4.2 times higher than 30 years ago. In addition, 1.72 million

people are more than 90 years of age, accounting for 1.4% of

the population.1 The combination of an aging society and recent

advances in surgical techniques and anesthesia have increased

the demand for spinal surgery in elderly patients and has also

increased surgeries performed for higher quality of life.
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Many studies have reported perioperative complications in

elderly patients, but generally the term “elderly” is accepted to

mean a chronological age of 65 years.2-4 In contrast, there are

only a few similar reports in very elderly patients,5-8 which

normally means patients older than 80 years, and none have

focused only on patients aged 90 years or older. Therefore, in

this study, we performed a retrospective review of a prospec-

tive database of surgical details and perioperative complica-

tions in spine surgery for elderly patients aged 90 years or

older. The frequency and severity of complications, patient and

surgical factors, and ambulatory function before and after sur-

gery were analyzed in the study.

Materials and Methods

From January 2008 to December 2013, data for 35 patients

aged �90 years old who underwent spinal surgeries at 10 facil-

ities associated with our group was examined in a retrospective

study. The average follow-up period was 22 months (range

12-37 months). This study was approved by the Ethics Com-

mittee of our hospital (IRB No. 354-3). The characteristics of

the patients are shown in Table 1. Fourteen patients were male

and 21 were female. Age ranged from 90 to 98 years, with a

mean of 91.3 years old. Preoperatively, nonsteroidal anti-

inflammatory drugs were taken in 12 cases as a conservative

approach to pain, and preoperative physiotherapy was per-

formed in 6 cases with lumbar spinal stenosis. All cases were

primary operations. The mean operative time was 87 minutes,

mean estimated blood loss (EBL) was 120 mL, and there were

7 fusion surgeries with instrumentation (Table 1). Surgeries

were performed with instrumentation of combined screws

with hooks and ultra-high-molecular-weight polyethylene

tape due to osteoporosis. Surgical lesions and diseases are

shown in Table 2.

Ambulatory function preoperatively and 6 months post-

operatively was rated on a 4-point scale (4, independent; 3,

requiring a cane; 2, requiring a walker; and 1, wheelchair

bound). Medical comorbidities were evaluated using the

method described by Charlson et al9 (Table 3).

All adverse events and major complications that occurred

within 3 months after surgery were defined as postoperative

complications. Major complications were defined as those

that were life threatening, required reoperation in the perio-

perative period, or left a permanent deficit, including cardiac,

urinary and renal, and wound-related complications.10,11 To

assess risk factors for postoperative complications, age, gen-

der, body mass index (BMI), comorbidities, and operative

factors were compared in patients with and without

complications.

Table 1. Characteristics of the 35 Cases in the Study.

Item Value

Demographics
Age, years, mean (range) 91.3 (90-98)
Gender, male/female, n 14/21
Previous spinal surgery, n 0
Body mass index, kg/m2, mean (range) 21.3 (14-26)

Comorbidities, n (%)
Hypertension 14 (40)
Coronary heart disease 9 (26)
Diabetes 8 (23)
Cerebrovascular disease 7 (20)
Preoperative motor loss (manual muscle test < 4) 6 (17)

Operative factors
Operative time, minutes, mean (range) 87 (19-333)
Estimated blood loss, mL, mean (range) 120 (10-800)
Fusion with instrumentation, n (%) 7 (20)

Table 2. Surgical Lesions and Diseases in 35 Cases.

Lesion and Disease Number of Cases (%)

Lesion
Cervical 11 (31)
Thoracic 9 (26)
Lumbar 15 (43)

Disease
Lumbar spinal stenosis 11 (31)
Cervical spondylotic myelopathy 10 (29)
Thoracic-lumbar compression fracture 9 (26)
Chance fracture of diffuse idiopathic skeletal

hyperostosis
3 (9)

Meningioma 1 (3)
Lumbar spinal spondylolisthesis 1 (3)

Type of procedure
Cervical laminoplasty 10 (29)
Balloon kyphoplasty 9 (26)
Lumbar decompression 8 (23)
Posterior fusion 6 (17)
Posterior lumbar interbody fusion 1 (3)
Tumor excision 1 (3)

Table 3. Summary of the Charlson Comorbidity Index.

Comorbidity
Relative Weight

Assignment

Metastatic solid tumor 6
Acquired immune deficiency syndrome (AIDS) 6
Moderate-to-severe liver disease 3
Hemiplegia 2
Moderate- to-severe renal failure 2
Diabetes with end organ damage 2
Neoplasia 2
Leukemia/lymphoma 2
Myocardial infarct 1
Congestive heart failure 1
Peripheral vascular disease 1
Cerebrovascular disease 1
Dementia 1
Chronic pulmonary disease 1
Connective tissue disease 1
Ulcer 1
Mild liver disease 1
Diabetes 1
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Differences between 2 groups were analyzed by Mann-

Whitney U test or Student t test, and those among 3 groups

were analyzed by Kruskal-Wallis test. All statistical analyses

were conducted using SPSS version 22 for Windows (IBM

Corp, Armonk, NY). P < .05 was considered to be significant

in all analyses.

Results

Postoperative complications occurred in 19 of the 35 cases

(54%) and included 11 cases of postoperative delirium. Details

are shown in Table 4. One of these patients died due to cor-

onary heart disease on the second day after surgery. Delirium

was significantly associated with cervical spine surgery (Figure

1), and delirium and preoperative motor loss also had a signif-

icant association (P < .05, Table 5). Of the 31 patients with

preoperative gait disturbance requiring assistive devices, the

status improved by at least 1 point on the ambulatory scale in

61%, was unchanged in 33%, and worsened by 1 point in 6%
(Figure 2). Both cases with worsened gait had cerebral infarc-

tion postoperatively, and as a result hemiplegia remained and

ambulatory status worsened.

A comparison of patients with and without a major

complication is shown in Table 6. Preoperative motor deficit

(P ¼ .015), comorbidity index score (P ¼ .075), operative time

(P ¼ .047), EBL (P ¼ .048), and fusion surgery with instru-

mentation (P ¼ .015) were all associated with major

Table 4. Details of Perioperative Complications in 19 Patients.

Complication Number of Cases

Delirium 11
Major complications (n ¼ 8)

Cerebral infarction 3
Coronary heart disease 3
Pulmonary embolism 1
Angina 1

Figure 1. Rates of postoperative delirium in patients with different
surgical lesions. *P < .05 versus thoracic or lumbar lesions.

Table 5. Relationship Between Delirium and Preoperative Motor
Loss.a

Delirium (n ¼ 11)

þ �

Preoperative motor loss þ 67% (4/6) 23% (7/29)

a P < .05.

Figure 2. Pre- and postoperative ambulatory status. The gray area
shows an improved status after surgery.

Table 6. Comparison of Background Data in Patients With and
Without Major Complications.

Item

With Major
Complication

(n ¼ 8)

Without Major
Complication

(n ¼ 27) P

Demographics
Female, % (n) 75 (5) 56 (15) NS
Body mass index, kg/m2,

mean + SD
21.5 + 4.4 21.2 + 2.6 NS

Comorbidities, % (n)
More than 1 comorbidity 75 (5) 59 (16) NS
Hypertension 25 (2) 52 (14) NS
Coronary heart disease 38 (3) 22 (6) NS
Diabetes 25 (2) 22 (6) NS
Cerebrovascular disease 25 (2) 19 (5) NS
Preoperative motor loss

(MMT < 4)
50 (4) 11 (3) .015

Comorbidity index score 2.0 1.3 .075
Perioperative factors

Cervical lesion, % (n) 25 (2) 33 (9) NS
Operative time, minutes,

mean + SD
119 + 40 80 + 63 .047

Estimated blood loss, mL,
mean + SD

257 + 239 92 + 121 .048

Fusion with instrumentation,
% (n)

50 (4) 11 (3) .015

Perioperative outcome
Length of hospital stay, days,a

mean + SD
51 + 21 30 + 20 .046

Death, % (n) 13 (1) 0 (0) NS

Abbreviation: MMT, manual muscle test; NS, not significant.
a Excluding 1 patient who died.
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complications, and length of hospital stay was significantly

longer for patients with major complications (P ¼ .046).

Discussion

Based on 2013 data in Japan, life expectancy at birth was

84 years for both sexes, which is the greatest longevity of any

country worldwide.12 In 1990, this age was 79 years, and thus

aging of society is progressing rapidly. In recent years, these

changes have increased the demand for spinal surgery in

elderly patients.7,8

Elderly patients older than 65 years have major postopera-

tive complications at rates of 3% to 29%,12-20 and risk factors

for these complications include increased age, comorbidities,

blood loss, operative time, and number of levels.8,11,15,21 Stud-

ies in the very elderly, which generally indicates patients aged

�80 years,5,7,8,22,23 have shown complication rates of 20% with

length of intensive care unit stay as a risk factor23 and 26%
without mortality in lumbar decompression surgery, which was

concluded to be safe and effective.22 In the current report,

which is the first to focus on patients aged 90 years or older,

the rates of perioperative and major complications were 54%
and 23%, respectively. In a previous multicenter study in

Japan, Yone at al24 found a morbidity rate of 10.4% in more

than 30 000 spinal surgeries in patients of all ages. Therefore,

patients aged �90 years are at a higher risk for complications

after spine surgery, with a rate 5.2 times higher than that for

patients of all ages.

In our series, delirium was the most common among post-

operative complications. Previous studies have also found that

postoperative delirium occurs commonly in very elderly

patients and is associated with a significant increase in

mortality-related complications such as cerebrovascular dis-

ease, length of hospital stay, and admission to a long care

facility.25-27 Postoperative delirium is characterized by acute

onset with fluctuations in neuropsychiatric function, inatten-

tion, disorganized thinking, and altered levels of conscious-

ness.28 The frequency of delirium after head and neck

surgery is 17% to 36%,29-33 and delirium generally includes

hallucinations, illusions, mental excitement, and disorientation.

Delirium may also lead to fractures due to fall and discontin-

uous treatment due to intravenous drip removal. In our series of

patients aged 90 or older, delirium occurred at a rate of 31%,

which is consistent with previous reports, and was significantly

associated with cervical surgery.

Preoperative motor deficit results in worsened ambulatory

ability and causes a vulnerable condition of the spinal cord.

This may lead to poorer postoperative recovery and a longer

period of time in bed, which may then worsen the general

condition. In our series, cases with preoperative motor deficit

had a significantly higher complication rate. These results

show that appropriate timing of surgery prior to worsening of

paralysis is important for good recovery after surgery. The

postoperative ambulatory score improved in 61% of cases and

worsened in only 6%; therefore, improvement can be obtained

with careful surgery and management in patients aged 90 years

or older. In particular, cases with no muscle weakness or a

slight motor deficit (manual muscle test �4) and few comor-

bidities (comorbidity index �1), have a reduced risk of com-

plications and this might be an indication for surgery. A

surgical plan with a short operative time and avoidance of

implant use to reduce invasiveness may also help avoid post-

operative complications.

There are several limitations in the study, including the

small number of cases, exclusion of patients who could not

undergo surgery due to a poor general condition, and the

absence of long-term follow-up and information on long-term

outcome. Despite these limitations, the results provide impor-

tant information on morbidity and mortality after spinal surgery

in very elderly patients.

In summary, the incidence of postoperative complications

after spine surgery was 54% in very elderly patients aged 90

years or older. These complications were mostly delirium and

were significantly associated with cervical lesions. The rate of

major complications that were potentially life threatening and

extended the hospitalization period was 23%. A preoperative

motor deficit, operative time, EBL, and fusion surgery with

instrumentation were significant risk factors for major compli-

cations. These findings indicate that timing of the surgical

procedure prior to worsening of paralysis is an important con-

sideration in surgery for very elderly patients, in addition to

reduction of surgical invasiveness.
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