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Abstract

Purpose To investigate the incidence and risk of stroke

after lumbar spinal fusion surgery.

Method Study subjects were identified from a nationwide

cohort of 1 million people from 2000 to 2005 and were

divided into the lumbar spinal fusion group (n = 2,015),

who received posterior lumbar spinal fusion surgery, and

the comparison group (n = 16,120) composed of age-,

sex-, and propensity score-matched control subjects. The

matching process was intended to adjust for demographics,

comorbidities, and other immeasurable covariates to min-

imize selection bias. All subjects were followed up for

3 years for stroke, including hemorrhagic and ischemic

strokes. Kaplan–Meier and Cox regression analyses were

performed.

Results The overall incidence rate of stroke in the cohort

was 9.99 per 1,000 person-year. The lumbar spinal fusion

group was less likely to have any stroke (adjusted hazard ratio

(HR) = 0.83, p = 0.293), hemorrhagic stroke (adjusted

HR = 0.74, p = 0.739) and ischemic stroke (adjusted HR =

0.81, p = 0.250) than the comparison group, but without

significance.

Conclusions Three years post-operatively, patients who

received lumbar spinal fusion had stroke incidence rates

similar to those without surgery. Posterior lumbar spinal

fusion surgery is not associated with increased risks for any

kind of stroke.
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Abbreviations

ICD-9 International Classification of Disease,

9th Version

NHI National Health Insurance

NHIRD National Health Insurance Research Database

Introduction

Stroke or cerebrovascular accident is a rare, but devastating

complication of spinal surgery. Severe neurologic conse-

quences include irreversible blindness, hemi-paresis, and

even death. Post-operative stroke has not been addressed

frequently in the literature, but remains one of the risks

mentioned when obtaining informed consent from patients

for spinal operations. Post-operative stroke can be related

to anesthesia, intra-operative maneuvers or both [1–3]. Its

incidence is seldom reported and estimates have a wide

range from 2 per 10,000 to 2.5 per 1,000 depending on the

complexity of the spinal surgery and the age group of the

patients under investigation [4–7].

Stroke can happen not only immediately post-operation,

but also long after surgery [8, 9]. Some case reports have

attributed cerebrovascular accidents to durotomy and intra-

operative cerebrospinal fluid (CSF) leak [10–13]. However,

there are also reports of stroke without intra-operative

durotomy [14, 15]. Moreover, the theory of overdraining

CSF better explains hemorrhagic strokes than ischemic

strokes. The rarity and unpredictability of this serious

consequence may cause trouble for spine surgeons. Its true

incidence is elusive and the actual causal effect of spinal

surgery is questionable.

This study hypothesizes that posterior lumbar fusion

surgery does not increase the incidence of stroke and

instead may even be protective against stroke via increased

physical activity and decreased distress of back pain. Due

to the relatively low incidence of post-operative stroke, a

large number of patients and high follow-up rate are nec-

essary to ascertain the relationship between stroke and

lumbar fusion. The National Health Insurance Research

Database (NHIRD), a national database containing 23

million administered insurants accumulated between Jan-

uary 1997 and December 2007, is used here. The National

Health Insurance (NHI) of Taiwan covering 99 % of the

population [16] is a unique system that finances all health

care for the entire population and offers unrestricted access

to any health-care provider of the patient’s choice. The

comprehensive data source includes all medical claims

including hospitalization, medication, procedures, and

outpatient clinic visits. Loss of follow-up only occurs if

medical services are sought abroad. Nonetheless, the sta-

tistics gathered represent sound investigation on any sub-

sequent stroke event after the index lumbar fusion surgery.

Materials and methods

Data source

All original claims data for 1 million beneficiaries between

the years 1996 and 2008 of Taiwan’s NHI program, a

single-payer payment system financing health care for all

Taiwanese citizens, were available for analysis.

The NHIRD already underwent a de-identification and

encryption process. Thus, this study was exempted from

full review by the institutional review board. The National

Health Research Institute (NHRI) re-compiled the medical

claims and made the data publicly available for medical

researchers in Taiwan. To protect privacy, individual and

hospital identifiers were unique to the research database

and could not be used to trace for individual patients or

health service providers. Moreover, the Bureau of National

Health Insurance (BNHI) of Taiwan performed cross-check

and validation of the medical charts and claims to ensure

the accuracy of diagnosis coding. A recent validation study

also suggested the reliability of diagnostic codes in the

NHIRD [17].

Study cohort

A representative cohort composed of Taiwan’s cumulative

population of 1 million covering the period from 1 January

2000 to 31 December 2005 was used. This representative

cohort was randomly selected by the NHRI for scientific

purposes. The NHRI reported no significant differences in

age, gender or health-care costs between the representative

group and all beneficiaries under the NHI program.

A study cohort without previous spinal surgery or his-

tory of stroke was extracted from the representative cohort.

Patients who received lumbar spinal fusion surgery during

the study period (1 January 2000 to 31 December 2005)

were enrolled. The first day of follow-up (entry date) was

defined as the date of spinal fusion surgery. The study

cohort also included all enrollees unexposed to lumbar

spinal fusion surgery during the study period. After

matching for age, sex and years of visit dates, eight

unexposed subjects were randomly assigned to one patient

exposed to lumbar fusion during the study period. Each

subject in the study cohort was tracked back from enroll-

ment date to 1 January 1997 to ensure no previous spinal

surgery or stroke events. The retrospective cohort study

and flow of data processing are summarized in Fig. 1.

Identification of the lumbar spinal fusion group

From the study cohort, all subjects who received lumbar

spinal fusion between 1 January 2000 and 31 December

2005 were enrolled. First-time hospitalization with
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procedure codes containing the International Classification

of Disease, 9th Version (ICD-9) code of lumbar and lum-

bosacral fusion posterior technique (81.08 and 81.38)

during the study period were enrolled as the exposure

group. The first date of hospitalization for the spinal fusion

was designated as the first day of follow-up (entry date).

Comparison group matched for age, sex, and propensity

score

To adjust for confounding factors associated with lumbar

spine fusion surgery, propensity scores (i.e., the predicted

probability that a person would receive lumbar spine

fusion) were used to capture the comparison group who

were unexposed. Propensity scores were calculated by

spinal condition (i.e., inflammatory spondylopathies,

spondylosis, spondylolisthesis, spinal stenosis, and inter-

vertebral disc disorders), comorbidities (e.g., history of

hypertension, diabetes, dyslipidemia, chronic obstructive

pulmonary disease, chronic renal failure, and Parkinson’s

disease), and demographic characteristics (i.e., age, sex,

insurance level, geographic location of residence, and

urbanization level of residence). To achieve a statistical

power greater than 80 % at a 0.05 significance level in

detection for a hazard ratio (HR) at 1.2, up to eight controls

in the comparison group were matched to each patient in

the lumbar spinal fusion group for age, sex, and propensity

scores to minimize differences between groups. The first

matched visit dates of subjects in the comparison group

were designated as their first day of follow-up (entry date).

Ascertainment of covariates

Comorbidities, exposure to medications, and baseline

demographic characteristics were included in the multiple

regression model. Comorbidities included hypertension

(ICD-9 code, 401-5.x), diabetes mellitus (250.x), dyslipi-

demia (272.0-4), chronic obstructive pulmonary diseases

(COPD) (490, 491.0-1, 491.20-2, 491.8-9, 492.0, 492.8, 494,

494.0-1, and 496), chronic renal failure (585.x), Parkinson’s

disease (332.0), atrial fibrillation (426-7.x), coronary heart

disease (410-4.x), and valvular heart disease (394-7.x,

424.x). These were determined by the presence of either

diagnostic codes of outpatient records or discharge codes of

hospitalization records 6 months before the entry dates to

the date of outcome event or the end of follow-up. More

than 90 days cumulative exposure to aspirin, lipid-lowering

drugs, nitrates, anticoagulants, and non-steroid anti-inflam-

matory drugs (NSAIDs) between the entry dates and end of

follow-up were also identified and included as covariates.

For each subject, the outpatient and discharge diagnostic

ICD-9 codes were used to calculate the Charlson’s

comorbidity index, a commonly used method to adjust for

differences in levels of comorbid illness in studies that use

administrative data [18]. The potential range of values for

this index was 0–37 with higher scores reflecting more

severe comorbidities. Charlson’s comorbidity index served

as an excellent prognostic value for survival and re-hos-

pitalization [19]. Baseline demographic characteristics,

including insurance level, geographic location, and urban-

ization level, were also included.

All subjects’ income levels were grouped into four by

the premium paid (NTD$ C40,000, 20,000–39,999,

1–19,999, and dependents). In the Taiwan NHI, premiums

were mostly determined based on the insured wage and

premium rate. Thus, a higher premium implied higher

income. Those without salaries such as the unemployed,

students, children, or the elderly were designated as

dependents by the BNHI and the government or their foster

families covered their insurance premiums.

The location of NHI registration for the degree of

urbanization was used as proxy parameter for socioeco-

nomic status. According to previous reports using the

NHIRD [20], urbanization levels in Taiwan were divided

into seven strata. Level 1 referred to the ‘‘most urbanized’’

and level 7 was the ‘‘least urbanized’’ areas. However,

given that there were few patients in levels 5–7, these three

were combined into a single group and thereafter referred

to as level 5.

Outcomes

All subjects were followed up for 3 years. The study end

point was the event of stroke, determined by the date of

60
55
6

469
410
75

Fig. 1 Data process flow. Study subjects were identified from a

nationwide cohort of 797,632 people from 1 January 2001 to 31

December 2005 and were divided into the lumbar spinal fusion group

(n = 2,806), who received posterior lumbar fusion surgery, and the

comparison group (n = 16,120) composed of age-, sex-, and

propensity score-matched people
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hospitalization records with discharge diagnostic code of

stroke (ICD-9 code, 430-435) after the entry dates. The

validity of diagnosis was tested and confirmed [17]. The

study censored follow-up only in the following conditions:

when the subjects expired on the dates of outcome inci-

dence or at the end of the cohort (31 December 2008). All

stroke events were further categorized into hemorrhagic

strokes, including sub-arachnoid hemorrhage (ICD-9 code,

430) and intra-cerebral hemorrhage (ICD-9 code, 431-432),

and ischemic strokes (ICD-9 code, 432-435) for analysis of

stroke characteristics.

Statistical analysis

All of the data were linked using the SQL server 2008

(Microsoft Corp.) and analyzed by the SPSS software

(SPSS, Inc., Chicago, IL). Chi-square test and independent

t test were used to assess differences in characteristics

between the spinal fusion and comparison groups. Kaplan–

Meier method and log-rank test were used to estimate and

compare the incidence rates of hospitalizations for stroke.

The Cox proportional hazard model with propensity scores

was used to compare the incidence rates of stroke (hem-

orrhagic and ischemic) between the two groups after

adjustment for the aforementioned covariates. A two-tailed

level of 0.05 was considered statistically significant.

Results

A total of 18,135 subjects (i.e., 2,015 lumbar spinal fusion

patients and 16,120 age-, sex-, and propensity score-mat-

ched controls) were followed up for 52,963 person-years.

The mean ages were similar between the lumbar fusion

group and the comparison group (57.90 vs. 58.04 years,

p = 0.686) at the entry dates, as well as proportional

gender compositions (60.7 vs. 60.7 % females, p = 0.999).

The overall incidence rate of all strokes was 9.99 per 1,000

person-years.

Comparison of comorbidities and other demographics

The Charlson’s comorbidity index of the lumbar spinal

fusion group was similar to that of the comparison group

(2.03 vs. 2.02, p = 0.85). Despite adjustments for differ-

ences in comorbidities, several comorbidities were signifi-

cantly more in the lumbar spinal fusion group including

hypertension (42.8 vs. 37.4 %, p \ 0.001), dyslipidemia

(28.2 vs. 25.1 %, p = 0.003), COPD (30.3 vs. 27.1 %,

p = 0.002), and Parkinson’s disease (1.8 vs. 1.2 %,

p = 0.024). The insurance level between the two groups was

not significantly different (p = 0.175), but geographic

locations and urbanization levels were significantly different

(p = 0.011 and p \ 0.001, respectively) (Table 1). All these

parameters were adjusted in the regression model.

Incidence of stroke

Subjects in the lumbar spinal fusion group were less likely

to have stroke than the comparison group. The 2,015

patients in the lumbar spinal fusion group were followed up

for 5,867.5 person-years and a total of 60 stroke events

were identified including six hemorrhagic and 55 ischemic

Table 1 Comparison of demographics and comorbidities (n = 18,135)

Comparison

group

Lumbar spinal

fusion group

P value

n = 16,120

(%)

n = 2,015 (%)

Gender

Female 6336 (39.3) 1223 (60.7) 0.999

Male 9784 (60.7) 792 (39.3)

Age, mean (SD) 58.04 (15.50) 57.90 (15.46) 0.686

Comorbidity indexa,

mean (SD)

2.02 (2.62) 2.03 (2.13) 0.85

Comorbidities

Hypertension 6033 (37.4) 862 (42.8) \0.001

Diabetes 3540 (22.0) 445 (22.1) 0.899

Dyslipidemia 4052 (25.1) 569 (28.2) 0.003

COPD 4363 (27.1) 610 (30.3) 0.002

Chronic renal

failure

455 (2.8) 69 (3.4) 0.128

Parkinson disease 192 (1.2) 36 (1.8) 0.024

Demographic characteristics

Insurance level

(NTD$)

0.175

40,000– 966 (6.0) 105 (5.2)

20,000–39,999 2709 (16.8) 361 (17.9)

1–19,999 7257 (45.0) 943 (46.8)

Dependent 5107 (31.7) 606 (30.1)

Geographic location 0.011

Northern area 7580 (47.0) 890 (44.2)

Middle area 3408 (21.1) 414 (20.5)

Southern area 4729 (29.3) 663 (32.9)

Eastern area 403 (2.5) 48 (2.4)

Urbanization level \0.001

1 (most

urbanization)

3818 (23.7) 401 (19.9)

2 4586 (28.4) 602 (29.9)

3 2804 (17.4) 314 (15.6)

4 2582 (16.0) 327 (16.2)

5 (least

urbanization)

2330 (14.5) 371 (18.4)

a Comorbidity index: Charlson’s index, potential range of values for

this index was 0–37 with higher the score the more severe

comorbidities
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strokes. The incidence rates (95 % confidence interval)

were 10.22 (7.94–13.17), 1.01 (0.45–2.25), and 9.36

(7.19–12.19) per 1,000 person-year for any stroke, hem-

orrhagic stroke, and ischemic strokes, respectively. In

contrast, the 16,120 control subjects in the comparison

group were followed up for 47,096.1 person-years. There

were 469 strokes including 75 hemorrhagic, and 410

ischemic strokes for incidence rates of 9.96 (9.1–10.9),

1.57 (1.26–1.97), and 8.69 (7.9–9.58) per 1,000 person-

year for any stroke, hemorrhagic stroke and ischemic

stroke, respectively. Thus, there were similar incidences of

stroke in the lumbar spinal fusion group and the compari-

son group without significance (p = 0.834, 0.296 and

0.598, respectively) (Fig. 2).

Hazard ratios of strokes

Compared to the comparison group, the lumbar spinal

fusion group had crude HRs of 1.02, 0.62, and 1.07 for any

stroke, hemorrhagic stroke, and ischemic stroke, respec-

tively (p = 0.896, 0.254 and 0.619, respectively). After

adjustments for demographic characteristics, comorbidi-

ties, and medications, the adjusted HRs of the lumbar

spinal fusion group were 0.83, 0.74, and 0.81, respectively

(p = 0.293, 0.739 and 0.250, respectively) (Table 2).

Therefore, subjects who received lumbar spinal fusion

surgery were less likely to have stroke in the next 3 years,

but without statistical significance.

Discussion

This study used a comprehensive national representative

cohort to investigate the incidence of stroke in 2,015

patients receiving posterior lumbar spinal fusion surgery.

Compared to 16,120 controls from the same cohort with

similar comorbidity characteristics, the surgically treated

patients were less likely to have subsequent stroke with-

out significance. The adjusted HR for any stroke, hem-

orrhagic stroke, and ischemic stroke were 0.83, 0.74, and

0.81, respectively. This study is the first in literature that

specifically investigated post-operative stroke events after

a common spinal procedure posterior lumbar spinal

fusion. Furthermore the age-, sex-, and comorbidity-mat-

ched 1–8 comparison cohort, combined with complete

follow-up for 3 years, yielded a sound estimation of the

stroke incidences in patients with lumbar spinal diseases,

whether or not they received surgical treatment. Regard-

ing subsequent stroke events, this study demonstrated that

lumbar spinal fusion surgery was a safe procedure with

protection even though there was no statistical signifi-

cance. This information might be useful for spine sur-

geons and anesthesiologists.

Although post-operative stroke rarely happens in lumbar

spinal surgery, it is repeatedly reported with various kinds

of manifestations including blindness, weakness, impaired

cognitive function, or even death [6–8, 21–26]. Patients

with spinal diseases usually need to pass a series of cardiac

and pulmonary evaluations before being considered as

candidates for spinal surgery, especially if they are old or

have risk factors for cerebrovascular or heart diseases.

Screening may sometimes preclude these high risk patients

Fig. 2 Comparison of incidence rates of strokes. The lumbar spinal

fusion group had incidence rates of any stroke, hemorrhagic stroke,

and ischemic stroke similar to those of the comparison group

Table 2 Hazard ratios for subsequent strokes after lumbar spinal

fusion surgery (n = 18,135, 2005–2008)

Stroke during

3-year follow-up

Comparison

group

Lumbar

spinal fusion

group

(95 % CI) P value

Any stroke

Crude hazard

ratio

1.00 1.02 (0.78–1.33) 0.896

Adjusted hazard

ratioa
1.00 0.83 (0.59–1.17) 0.293

Hemorrhagic stroke

Crude hazard

ratio

1.00 0.62 (0.27–1.42) 0.254

Adjusted hazard

ratioa
1.00 0.74 (0.27–2.04) 0.739

Ischemic stroke

Crude hazard

ratio

1.00 1.07 (0.81–1.42) 0.619

Adjusted hazard

ratioa
1.00 0.81 (0.56–1.16) 0.250

a Adjustment was made for demographic characteristics (e.g., age, sex,

insurance level, geographic location, and urbanization level), comorbidi-

ties (i.e., hypertension, diabetes, valvular heart disease, arrhythmia, car-

diovascular disease, and Charlson’s comorbidity index), medications (i.e.,

aspirin, nitrates, lipid-lowering drugs, anticoagulants, and NSAIDs), and

baseline propensity scores
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for spinal surgery. If the planned spinal surgery is complex,

surgeons or anesthesiologists hold more stringent screen-

ing. But despite the precautions taken, post-operative

stroke is never eliminated. Whether or not stroke develops

because of the spinal fusion surgery per se or procedure-

related maneuvers predispose to stroke remains elusive. On

the other hand, this rare catastrophic neurologic event

happens by itself, regardless of spinal or any other surgery.

Although definitive conclusions cannot be drawn from the

results, some findings may shed light on this issue. The

Kaplan–Meier analysis in the present study demonstrates

that strokes happen at a steady rate from immediately post-

operation to 3 years after (Fig. 3). This observation is valid

for all strokes, hemorrhagic stroke and ischemic stroke.

The explanation of the insignificantly smaller HRs for

all kinds of stroke in the lumbar spinal fusion group is

obscure. Perhaps, reduction in some of the risks factors for

stroke after lumbar spinal fusion surgery can be taken into

account. For example, many reports correlate increased

physical activity to lower risk for strokes [27–29]. A meta-

analysis has concluded that moderate or high levels of

physical activity are associated with reduced risk of strokes

[30]. It also demonstrates reduced risk of total and ische-

mic stroke in a dose–response manner by moderate-inten-

sity physical activities [31]. Walking reportedly decreases

risks of total, ischemic, and hemorrhagic strokes in women

[32]. Even milder physical activities, like daily commuting

and leisure-time activities, reduce the risk of stroke [33,

34]. Physical activity is now a well-documented modifiable

risk factor of first stroke and is listed in the American Heart

Association (AHA) and American Stroke Association

(ASA) guidelines for primary prevention of ischemic

stroke [35, 36]. Theoretically, patients might have less pain

and improved ambulatory function after lumbar spinal

fusion surgery. It can be inferred that there is likelihood of

increased physical activity after lumbar spinal surgery,

which diminishes the risk factor of stroke. However, this

implication is beyond the scope of this study and requires

further corroboration. On the other hand, for these patients

undergoing lumbar spinal fusion, there might be limitations

in physical exertion imposed by their surgeons in the short

term post-operative period. Therefore, the association

between stroke and the effect on physical activity after

lumbar spinal fusion surgery remains uncertain.

A merit of this study is the stratification of stroke types

into hemorrhagic and ischemic strokes. The true incidence of

stroke in such a group of patients with lumbar spinal diseases

requiring fusion is reportedly approximately 10 per 1,000

person-year with a 1:9 ratio between hemorrhagic and

ischemic strokes. Such data not only provide references in

spinal surgery, but is also valuable for future stroke preven-

tion in the given patient population regardless of medical or

surgical managements. This epidemiologic estimation came

from a national representative cohort of Taiwan composed of

a health-care system with universal coverage. Therefore, the

reported incidence of stroke is highly accurate, because every

A

B

C

Fig. 3 Cumulative incidence of stroke. The lumbar spinal fusion

group had similar cumulative incidence of a any stroke, b hemorrhagic

stroke, and c ischemic stroke than the comparison group from

immediately post-surgery up to 3 years
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subject in the study has been followed up, unless they sought

medical services in a foreign country not reimbursed by the

insurance which is extremely unlikely.

The strength of this study is its design. In this cohort, a

well-matched comparison group with demographics and

comorbidities that risk stroke is deliberately used. Most of

the stroke confounders, identifiable or unidentified, are

controlled or adjusted by Cox regression model and pro-

pensity score. Stroke events after lumbar spinal fusion

surgery are observed based on the single-payer health

insurance system with universal coverage in a nationwide

scale, allowing more accurate estimation than institution-

based studies. Furthermore, Kaplan–Meier analysis with

complete follow-up improved the censored data. The lack

of association between lumbar fusion and stroke estab-

lished hereby is therefore sound. Perhaps, a study with

larger number of cases and similar design or a randomized

control trial can validate the current results.

The study has several limitations. First, the current study

includes a mixture of different levels of lumbar spinal

fusion with various surgical indications, operation time,

blood loss, and anesthesiology. Due to database limits,

details of every operative note have not been investigated

or traced back for each individual’s medical charts. A

single-level lumbar fusion for isthmic spondylolisthesis in

a young man apparently is of lower risk for stroke than an

old patient with degenerative scoliosis requiring a long

construct of spinal fusion. However, the propensity score-

matched comparison with comorbidity adjustment in the

current study design compensates for this intra-group het-

erogeneity. Second, iatrogenic stroke happening immedi-

ately after lumbar spinal fusion may be less frequently

coded than in reality. Nonetheless, the NHIRD medical

records also serve for billing and thereby under prudent

internal monitor. Fraudulent coding that is heavily penal-

ized promotes the accuracy of coding. A recent validation

study also suggests the reliability of diagnostic codes in

NHIRD [17]. Hence, the number of stroke events in the

current study is valid. Lastly, there might be a selection of

lower risk patients for spinal surgery. Patients who undergo

lumbar spinal fusion surgery may be more scrutinizing

about health issues, thus modifying stroke risk factors such

as cessation of smoking or better control of medical dis-

eases (e.g., hypertension and diabetes). Risk factors that are

coded in NHIRD such as comorbidities (e.g., hypertension,

diabetes, dyslipidemia, chronic obstructive pulmonary

disease, chronic renal failure, and Parkinson’s disease)

were adjusted. However, there are factors (i.e., cigarette

smoking) not applicable due to database limitation.

Therefore, this issue could be partially addressed by the

propensity score matching in the current study design.

Considering the limitations in the design of the study

retrospective cohort, selection bias, analysis of

administrative database, lack of direct clinical follow-up of

patients, and statistical power of 99 %, it seems unlikely

that posterior lumbar fusion increases the risk of stroke

compared to matched patients. Exclusion of patients as

candidates for lumbar fusion due to fear of post-operative

stroke is not supported by our data.
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