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Abstract

Study Design: Retrospective cohort.

Objective: Provide a comparison of surgical approach in the treatment of degenerative cervical myelopathy in patients with OPLL.

Methods: A national database was queried to identify adult (�18 years) patients with OPLL, who underwent at least a 2-level
cervical decompression and fusion for cervical myelopathy from 2012-2014. A propensity-score-matching algorithm was
employed to compare outcomes by surgical approach.

Results: After propensity-score matching, 627 patients remained. An anterior approach was found to be an independent predictor
for higher inpatient surgical complications(OR 5.9), which included dysphagia:14%[anterior]vs.1.1%[posterior] P-value < 0.001,
wound hematoma:1.7%[anterior]vs.0%[posterior] P-value ¼ 0.02, and dural tear:9.4%[anterior]vs.3.2%[posterior] P-value ¼ 0.001.
A posterior approach was an predictor for longer hospital length of stay by nearly 3 days(OR 3.4; 6.8 days[posterior]vs.4.0 day-
s[anterior] P-value < 0.001). The reasons for readmission/reoperation did not vary by approach for 2-3-level fusions; however, for
>3-level fusions, patients with an anterior approach more often had respiratory complications requiring mechanical ventila-
tion(P-value ¼ 0.038) and required revision fusion surgery(P-value ¼ 0.015).

Conclusions: The national estimates for inpatient complications(25%), readmissions(9.9%), and reoperations(3.5%) are substantial
after the surgical treatment of multi-level OPLL. An anterior approach resulted in significantly higher inpatient surgical complications,
but this did not result in a longer hospital length of stay and the overall 90-day complication rates requiring readmission or reoperation
was similar to those seen after a posterior approach. For patients requiring >3-level fusion, an anterior approach is associated with
significantly higher risk for respiratory complications requiringmechanical ventilation and revision fusion surgery. Precise neurological
complications and functional outcomes were not included in this database, and should be further assessed in future studies.
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Introduction

The ossification of the posterior longitudinal ligament (OPLL)

of the cervical spine is an inflammatory process that results in

the replacement of the PLL with lamellar bone. This can lead to

a significant reduction in the cross-sectional area of the spinal
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canal and compression of the spinal cord, which can contribute

to degenerative cervical myelopathy.1 The prevalence of OPLL

is reported to be as high as 3.0% in Asians, and range from

0.1% to 1.7% in North Americans and Europeans.2,3 In patients

who require surgical treatment for degenerative cervical mye-

lopathy, the presence of OPLL can present a significant surgi-

cal challenge with complication rates ranging from 5.2% to

57.6%.4-6 Surgical complications can include dural tear, C5

palsy, dysphagia, dysphonia, hematoma, axial pain, and other

neurological complications.5,7-12 Furthermore, a prospective,

multi-center study found that OPLL was an independent risk

factor (odds ratio 1.8, P ¼ 0.040) for perioperative complica-

tions in patients surgically treated for cervical spondylotic

myelopathy.13 The relatively high morbidity rate in this popu-

lation has spurred numerous studies to focus on potentially

modifiable risk factors.

Prior studies have compared the perioperative complica-

tions by surgical approach (anterior vs. posterior). A recent

systematic review reported that the anterior approach achieved

superior patient-reported outcomes and functional recovery

rates, but was associated with a higher risk for complications

and reoperations. The major limitations of this review, how-

ever, were the potential regional bias, as all studies were per-

formed in Asian populations and the relatively small sample

size, since the largest study included in the review only had 135

patients.3 Other existing literature on the optimal surgical

approach remains limited by single-institution analyses, com-

plications limited to an inpatient setting, regional bias, and

inadequate control of other potential confounding variables

(e.g. number of levels fused, corpectomy).2,14-18

This study addresses these limitations by utilizing a nation-

wide, multi-center database and employing a propensity-score

matching algorithm on a comprehensive set of perioperative

factors. The purpose of this study is to provide a comparative

analysis of surgical approach in the treatment of cervical mye-

lopathy in patients with OPLL. This is one of the largest studies

to provide national estimates on the inpatient complications

and post-discharge 90-day outcomes in this patient population.

Materials and Methods

Data Source

The Nationwide Readmission Database is one of the many

databases developed for the Health Cost and Utilization Project

(HCUP).11 The Nationwide Readmission Database includes a

large sample size from 28 geographically dispersed States,

accounting for 60% of the total U.S. resident population. This

database is structured to allow for tracking of an individual’s

hospital admissions across different institutions and state lines

within a given year. Several perioperative factors such as

patient demographics, comorbidities, insurance, and hospital

level factors are collected. Since each patient encounter is

associated with up to 30 ICD-9 diagnosis codes and 15 ICD-

9 procedural codes, several perioperative factors which were

not pre-defined in this database were included using these

codes as listed in the Supplemental Appendix Table. In contrast

to other data registries, the Nationwide Readmission Database

includes “discharge weights,” which allow for the calculation

of national estimates such as complication and readmission

rates. Since this is a publicly available database that contains

de-identified patient information, this study was deemed

exempt by the Institutional Review Board.

Defining the Patient Population

The 2012 to 2014 Nationwide Readmission Databases were

queried for all adult (�18 years old) patients diagnosed with

both OPLL (ICD-9: 723.7) and cervical myelopathy (ICD-9:

721.1, 722.71), who underwent elective cervical decompres-

sion and fusion (ICD-9: 81.02[anterior], 81.03[posterior],

3.09). These definitions are consistent with prior literature.16,19

Exclusion criteria included adult spinal deformity, metastatic

cancer, trauma, infection, �9 level fusion, atlantoaxial fusion,

non-cervical fusion, revision fusion, disc arthroplasty, and non-

elective patients. The ICD-9 codes used to define many of these

variables, which were not pre-defined in the database, can be

found in the Supplemental Appendix Table. Those with miss-

ing data were excluded from this study. Since the Nationwide

Readmission Database cannot track admission visits across

database years, patients who were discharged in the last quarter

of each year were excluded to account for possible readmis-

sions and reoperations within 90 days after the index admission

discharge date. The selection of this study’s population is illu-

strated in Figure 1.

Perioperative Factors

Patient data included age, gender, income quartile and insurance

type. The comorbidity profile was examined with the Charlson

Comorbidity Index (CCI). Other comorbidities included alcohol

abuse, current/prior smoker, depression, hypothyroidism, obe-

sity, osteoporosis, chronic steroid use, and chronic anticoagula-

tion. Surgical factors included fusion level, corpectomy, and

bone morphogenetic protein use. Hospital factors included hos-

pital ownership (private non-profit, private for-profit, govern-

ment), and hospital teaching status (metropolitan non-teaching,

metropolitan teaching, and non-metropolitan).

Outcomes of Interest

The primary outcome variables in this study were index inpa-

tient complications and post-discharge 90-day complications

requiring readmission and/or reoperation. A 90-day readmis-

sion was defined as any admission within 90 days after the

discharge date of the index hospital stay. Other outcomes

included length of hospital stay and discharge disposition

(home, subacute rehab, and death). Inpatient complications and

reasons for readmission were categorized as either medical or

surgical. These complications were defined using ICD-9 codes

(see Supplemental Appendix Table).
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Propensity Score Matching Analysis

First, patients were categorized into those with either an anterior

or posterior surgical approach. Then, a propensity score match-

ing algorithm was employed to account for the potential selec-

tion bias inherent in surgical approach (anterior vs. posterior).

Various patient, surgical, and hospital factors were included in

this algorithm. For descriptive and comparative purposes, bivari-

ate analyses were performed for both with and without propen-

sity score matching. Chi-square or Fisher’s exact test (where

appropriate) and t-tests/ANOVA were used for categorical and

continuous variables, respectively. Statistical significance was

defined as a P-value < 0.05. SAS software (Version 9.3; SAS

Institute Inc, Cary, NC) was used for statistical analyses. Pro-

pensity score matching was performed in R version 3.0.2

(Vienna, Austria, http://www.R-project.org/) using the Matchlt

(Ho, Imai, King, & Stuart, 2011) package. We used “nearest”

matching method and discarded “treated” units outside the sup-

port of the distance measure of the control units.

Other Statistical Analysis

The outcomes and complications, which were significantly

associated with surgical approach in the bivariate analyses,

were further studied in the multivariate analyses, which

Figure 1. Selection criteria of the study’s patient population.
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involved step-wise multivariate logistic regressions. Since the

number of fusion levels were not able to be fully controlled for

in the propensity score matching algorithm, the multivariate

models included the number of fusion levels as a variable in

the regressions. Furthermore, when comparing the reasons for

readmission by surgical approach, this was subcategorized by

the number of fusion levels as well.

Results

After inclusion and exclusion criteria, there were a total of 747

patients with OPLL who underwent an elective cervical

decompression and fusion (anterior ¼ 387, posterior ¼ 320,

combined ¼ 40) for cervical myelopathy from 2012 to 2014

(Figure 1). The mean age (+standard deviation) was 58 + 10

years old, and 43% of patients were female. Prior to propensity

score matching, patient (insurance type: P < 0.001, income

percentile: P < 0.001), surgical (number of fusion levels:

P < 0.001, bone morphogenetic protein use: P ¼ 0.005), and

hospital factors (hospital ownership: P< 0.001, hospital teach-

ing status: P < 0.001) varied significantly by surgical

approach. A number of comorbidities varied significantly by

surgical approach as well. These included alcohol abuse (ante-

rior ¼ 0.6%, combined ¼ 0%, posterior ¼ 5.2%, P < 0.001),

hypothyroidism (anterior ¼ 12.6%, combined ¼ 3.9%, poster-

ior ¼ 7.7%, P ¼ 0.042), obesity (anterior ¼ 18.9%, combined

¼ 27.3%, posterior ¼ 7.7%, P < 0.001), chronic steroid use

(anterior ¼ 0.5%, combined ¼ 9.1%, posterior ¼ 1.6%,

P < 0.001), and chronic anticoagulation (anterior ¼ 8.3%,

combined ¼ 30.2%, posterior ¼ 7.6%, P < 0.001) (Table 1).

After propensity score matching, there were 627 patients

(anterior ¼ 307, posterior ¼ 320). All perioperative factors

Table 1. Patient, Surgical, and Hospital Characteristics by Surgical Approach.

Before Propensity Score Matching After Propensity
Score Matching, P-value

All Anterior Combined Posterior Anterior vs. Posterior

747 387 40 320 P-value
Age, years (mean + standard deviation) 58.0 + 10.2 57.7 + 10.1 56.7 + 8.2 58.5 + 10.6 0.751 0.773
Female, % 43.0% 41.2% 27.8% 47.0% 0.041 0.527
Comorbidities
Charslon Comorbidity Index, mean 2.1 + 1.4 2.0 + 1.3 1.7 + 1.4 2.2 + 1.5 0.328 0.224
Alcohol Abuse 2.5% 0.6% 0.0% 5.2% <0.001 0.175
Current/Prior Smoker 30.9% 34.1% 25.0% 27.9% 0.145 0.260
Depression 12.7% 14.8% 3.9% 11.4% 0.09 0.188
Hypothyroidism 10.0% 12.6% 3.9% 7.7% 0.042 0.416
Obese 27.4% 18.9% 27.3% 37.9% <0.001 0.269
Osteoporosis 1.1% 1.6% 0.0% 0.4% 0.229 0.313
Chronic Steroid use 1.5% 0.5% 9.1% 1.6% <0.001 0.227
Chronic Anticoagulation 9.2% 8.3% 30.2% 7.6% <0.001 0.153

Insurance, %
Private 50.2% 47.8% 44.3% 53.8% <0.001 0.208
Medicare 34.7% 38.8% 7.9% 33.1%
Medicaid 7.4% 7.3% 22.9% 5.7%
Self-pay 1.1% 0.0% 5.5% 1.9%
Other 6.6% 6.1% 19.4% 5.5%

Income Percentile, %
< 25 27.0% 24.5% 16.6% 31.3% <0.001 0.268
25 to 50 29.5% 29.8% 60.4% 25.3%
51 to 75 25.8% 30.9% 10.4% 21.6%
76 to 100 17.7% 15.0% 12.0% 22.0%

Surgical Factors
2-3 Fusion Levels 45.9% 65.2% 26.8% 25.2% <0.001 0.001
>3 Fusion levels 53.9% 34.8% 73.2% 74.8%
Corpectomy 29.3% 51.5% 50.1% 0.0% <0.001 0.001
Bone Morphogenetic Protein Use 6.4% 7.1% 17.4% 4.3% 0.005 0.425

Hospital Ownership
Private, not-profit 79.1% 70.8% 83.8% 88.6% <0.001 0.569
Private, for-profit 11.0% 16.5% 9.1% 4.4%
Government, nonfederal 10.0% 12.7% 7.2% 7.0%

Hospital Teaching Status
Metropolitan, Non-Teaching 21.7% 31.6% 15.6% 10.5% <0.001 0.011
Metropolitan, Teaching 74.2% 62.0% 84.4% 87.8%
Non-metropolitan 4.0% 6.4% 0.0% 1.8%
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were statistically similar between anterior and posterior surgi-

cal approaches with the exception to the number of fusion

levels (>3 fusion levels: anterior ¼ 43%, posterior ¼ 74%, P

¼ 0.001) and hospital teaching status (metropolitan teaching:

anterior ¼ 75%, posterior ¼ 87%, P ¼ 0.011). Since these

factors were not fully controlled for in the propensity score

matching algorithm, these variables were included in subse-

quent multivariate analyses.

The overall inpatient morbidity rate was 24.2% (anterior ¼
32.8% vs. posterior¼ 16.2%, P< 0.001) and the mortality rate

was 0.8% (anterior¼ 0.7% vs. posterior¼ 0.9%, P¼ 0.834). In

the bivariate analyses of postoperative outcomes, the surgical

complications were more common in the anterior approach

(anterior ¼ 29% vs. posterior ¼ 10.8%, P < 0.001). Specific

surgery-related inpatient complications included dysphagia

(anterior ¼ 14% vs. posterior ¼ 1.1%, P < 0.001), wound

hematoma (anterior ¼ 1.7% vs. posterior ¼ 0%, P ¼ 0.020),

and dural tear (anterior ¼ 9.4% vs. posterior ¼ 3.2%, P ¼
0.001). Medical-related inpatient complications appeared to

be more common in posterior approach patients. These

included urinary tract infections (anterior ¼ 1.5% vs. posterior

¼ 4.5%, P¼ 0.030) and acute renal failure (anterior¼ 0.6% vs.

posterior ¼ 3.6%, P ¼ 0.009). Although 90-day readmission

rates were significantly higher in the anterior approach group

prior to propensity score matching (anterior ¼ 12.3% vs. pos-

terior¼ 8.4%, P¼ 0.021), neither the 90-day readmission rates

nor the 90-day reoperation rates were significantly different by

surgical approach after propensity score matching (Table 2).

Posterior approach patients were more often discharged to a

subacute rehab center (anterior¼ 14.2% vs. posterior¼ 19.4%,

P < 0.001). The mean length of hospital stay was significantly

longer for posterior approach patients (6.8 + 8.4 days) than

anterior approach patients (4.0 + 5.1, P < 0.001) (Table 3).

In the multivariate analyses, the anterior approach was an

independent predictor for inpatient surgical complications

(odds ratio 5.9). In contrast, the number of fusion levels, cor-

pectomy, and hospital factors (ownership, teaching status) were

not statistically significant factors. The posterior approach was

an independent risk factor for extended length of hospital stay,

>4 days (odds ratio 3.4). Other independent risk factors for

LOS >4 days included CCI (odds ratio 2.1), fusion levels >3

(odds ratio 2.1), corpectomy (odds ratio 3.0), inpatient surgical

complications (odds ratio 3.5), inpatient medical complications

(odds ratio 35.4), and discharge to subacute rehab (odds ratio

8.4) (Table 4).

The reasons for 90-day readmission and reoperation were

evaluated by surgical approach for those with 2- to 3-level

fusions and those with >3-level fusions (Table 5). The rates

for readmission and reoperation did not significantly vary by

surgical approach for either fusion level cohort; however,

patients with a posterior approach for 2- to 3-level fusions were

more often readmitted for sepsis (anterior¼ 0% vs. posterior¼
2.4%, P ¼ 0.041) and patients with an anterior approach for

>3-level fusions were more often readmitted for respiratory

complications requiring mechanical ventilation (anterior ¼
1.8% vs. posterior ¼ 0%, P ¼ 0.038), constipation (anterior

Table 2. Inpatient and Post-Discharge Outcomes by Surgical Approach Before Propensity Score Matching.

ALL Anterior Combined Posterior
747 387 40 320 P-value

Inpatient Postoperative Complications 23.4% 30.2% 10.1% 17.0% <0.001
Mortality 0.7% 0.6% 0.0% 0.9% 0.772
Morbidity 22.8% 29.6% 10.1% 16.2% <0.001
Surgical 18.5% 25.7% 10.1% 10.8% <0.001
Perioperative Blood Transfusion 5.6% 4.4% 0.0% 7.7% 0.05
Dysphagia 6.8% 11.1% 10.1% 1.1% <0.001
Wound Hematoma 0.7% 1.3% 0.0% 0.0% 0.091
Dural Tear 6.2% 9.4% 0.0% 3.2% <0.001

Medical 6.4% 5.4% 0.0% 8.4% 0.067
Urinary Tract Infection 2.8% 1.6% 0.0% 4.5% 0.036
Acute Renal Failure 1.7% 0.4% 0.0% 3.6% 0.005
Cerebrovascular Accident 0.8% 1.4% 0.0% 0.0% 0.076
Cardiac Complication 0.5% 1.0% 0.0% 0.0% 0.167
Acute Respiratory Failure 1.1% 1.4% 0.0% 0.9% 0.636
Pneumonia 0.0% 0.0% 0.0% 0.0%
DVT/PE 0.0% 0.0% 0.0% 0.0%
Paralytic Ileus 0.0% 0.0% 0.0% 0.0%

Post-Discharge Complications
90-day Readmissions 11.1% 12.3% 22.0% 8.4% 0.021
90-day Reoperations 2.9% 3.5% 0.0% 2.7% 0.444
Disposition
Home 86.1% 90.8% 90.9% 79.7% <0.001
Subacute Rehab 13.3% 8.7% 9.1% 19.4%
Death 0.7% 0.6% 0.0% 0.9%

Length of Stay, days (mean) 5.2 + 6.8 3.8 + 4.8 6.2 + 7.5 6.8 + 8.4 <0.001
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¼ 2.6% vs. posterior ¼ 0%, P ¼ 0.012) and revision fusion

(anterior ¼ 2.4% vs. posterior ¼ 0%, P ¼ 0.015).

Discussion

The purpose of any surgical intervention for DCM is to ade-

quately decompress the neural elements and maintain

mechanical stability. Given the diverse pathophysiology of

DCM, several considerations exist when deciding the optimal

surgical approach, such as the number of levels requiring

decompression, approach-related complications, body habitus,

short neck, surgeon preference, as well as the presence of

OPLL. In situations where there is true equipoise between both

approaches, prior literature suggests that equivalent outcomes

Table 3. Inpatient and Post-Discharge Outcomes by Surgical Approach After Propensity Score Matching.

ALL Anterior Posterior
627 307 320 P-value

Inpatient Postoperative Complications 25.0% 33.5% 17.0% <0.001
Mortality 0.8% 0.7% 0.9% 0.834
Morbidity 24.2% 32.8% 16.2% <0.001
Surgical 19.8% 29.0% 10.8% <0.001
Perioperative Blood Transfusion 6.1% 4.5% 7.7% 0.099
Dysphagia 7.5% 14.0% 1.1% <0.001
Wound Hematoma 0.8% 1.7% 0.0% 0.02
Dural Tear 6.2% 9.4% 3.2% 0.001

Medical 7.2% 5.8% 8.4% 0.211
Urinary Tract Infection 3.0% 1.5% 4.5% 0.03
Acute Renal Failure 2.1% 0.6% 3.6% 0.009
Cerebrovascular Accident 1.0% 1.8% 0.0% 0.016
Cardiac Complication 0.3% 0.7% 0.0% 0.128
Acute Respiratory Failure 1.3% 1.8% 0.9% 0.33
Pneumonia 0.0% 0.0% 0.0%
DVT/PE 0.0% 0.0% 0.0%
Paralytic Ileus 0.0% 0.0% 0.0%

Post-Discharge Complications
90-day Readmissions 9.9% 11.6% 8.4% 0.177
90-day Reoperations 3.5% 2.9% 1.7% 0.334
Disposition
Home 85.0% 90.5% 79.7% <0.001
Subacute Rehab 14.2% 8.8% 19.4%
Death 0.8% 0.7% 0.9%

Length of Stay, days (mean) 5.4 + 7.1 4.0 + 5.1 6.8 + 8.4 <0.001

Table 4. Independent Risk Factors for Selected Outcomes

Inpatient Surgical Complications Odds Ratio 95% Confidence Interval P-value

Anterior vs. Posterior Approach 5.9 3.1 11.3 <0.001
Charlson Comorbidity Index 1.3 1.1 1.6 0.002
Fusion >3 Levels 1.1 0.7 1.9 0.697
Corpectomy 0.6 0.3 1.1 0.09
Metropolitan—Non-Teaching vs. Metropolitan—Teaching >999 <0.001 >999 0.985
Non-metropolitan vs. Metropolitan Teaching. >999 <0.001 >999 0.981

Extended LOS (>4 days)
Posterior vs. Anterior Approach 3.4 1.7 6.9 <0.001
Charlson Comorbidity Index 1.3 1.1 1.6 <0.001
Fusion >3 Levels 2.1 1.3 3.3 0.003
Corpectomy 3.0 1.5 6.1 0.003
Inpatient Surgical Complication 3.5 2.1 6.0 <0.001
Inpatient Medical Complication 35.4 7.0 180 <0.001
Discharge to Subacute Rehab 8.2 4.4 15.2 <0.001
Metropolitan—Non-Teaching vs. Metropolitan—Teaching 0.5 0.2 0.96 0.335
Non-metropolitan vs. Metropolitan Teaching. 0.6 0.14 2.5 0.829
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and complication rates up to 2 years after surgery can be

achieved.1,20,21 However, the optimal surgical approach for the

treatment of degenerative cervical myelopathy in patients with

OPLL remains somewhat controversial as it depends on a mul-

titude of factors such as surgical technique, surgeon-comfort

level, disease severity, the level of OPLL, cervical alignment,

and potential approach-related complications. An anterior

approach typically involves anterior discectomy and/or cor-

pectomy with fusion. The main advantage of this approach is

that it allows for direct decompression; however, this approach

can be technically demanding especially when the ossified

ligament is densely adherent to the ventral dura and manipula-

tion can result in dural tears. A posterior approach can involve

laminoplasty or laminectomy with or without fusion. This

allows for indirect decompression of the entire cervical spine,

in comparison to an anterior approach which is typically lim-

ited cranially to C2. However, in patients who have poor cer-

vical kyphotic alignment, an occupying ratio �60%, or a

negative k-line, a posterior only approach without appropriate

realignment has been shown to lead to inadequate decompres-

sion and significantly poorer neurological outcomes.2,3,22,23

Despite these findings, an in-depth analysis directly comparing

approach-related complications is lacking, especially for non-

Asian patient populations.

Two systematic reviews have recently been published to

compare the risks associated between anterior and posterior

surgical approaches. Zhang et al included 11 studies in their

meta-analysis, totaling 800 patients.3 These authors reported

that the anterior approach had a higher risk for postoperative

complications (odds ratio 2.6) and reoperations (odds ratio 5.9).

Those who underwent an anterior approach were more likely to

have a dural tear, whereas those who underwent a posterior

approach were more likely to have postoperative axial neck

pain. However, the anterior approach achieved significantly

higher postoperative Japanese Orthopedic Association (JOA)

scores (odds ratio 2.4) and higher postoperative functional

recovery rates (weighted mean difference ¼ 16.4). Interest-

ingly, for patients with an occupying ratio <60%, the post-

operative recovery rates were similar between both

approaches. No significant differences were observed in the

postoperative cervical alignment. Given these findings, these

authors recommended an anterior approach for the treatment of

OPLL, especially for patients with an occupying ratio �60%.

In the other systematic review, Kim et al included 21 studies

in their analysis, totaling 3,872 patients with cervical myelo-

pathy and OPLL. In this study, no significant differences in the

mean occupying ratios were observed between groups; how-

ever, the number of levels fused was significantly higher in the

Table 5. Reasons for Readmissions and Reoperations Within 90 days of Index Hospital Stay.

All 2 to 3 Levels Fused >3 Levels Fused

All Anterior Posterior Anterior Posterior Anterior Posterior

N 627 307 320 P-value 174 81 P-value 133 239 P-value
Readmission 9.9% 11.6% 8.4% 0.177 12.5% 6.6% 0.156 10.4% 9.0% 0.650
Medical 5.9% 8.1% 4.0% 0.031 8.2% 2.4% 0.080 8.0% 4.5% 0.170
Chest Pain 0.3% 0.6% 0.0% 0.162 1.1% 0.0% 0.349 0.0% 0.0%
Pulmonary Embolism/Deep
Venous Thrombosis

0.6% 0.6% 0.6% 0.904 1.0% 0.0% 0.373 0.0% 0.8% 0.289

Urinary Tract Infection 0.3% 0.6% 0.0% 0.180 0.0% 0.0% 1.3% 0.0% 0.078
Genitourinary-related 0.6% 0.9% 0.4% 0.462 1.6% 0.0% 0.253 0.0% 0.6% 0.380
Drug Allergy 1.0% 1.9% 0.0% 0.014 3.3% 0.0% 0.099 0.0% 0.0%
Septicemia 0.8% 0.5% 1.2% 0.289 0.0% 2.4% 0.041 1.1% 0.8% 0.843
Anemia 0.3% 0.0% 0.6% 0.188 0.0% 0.0% 0.0% 0.8% 0.316
Fever 0.3% 0.5% 0.0% 0.193 0.0% 0.0% 1.2% 0.0% 0.087
Respiratory requiring Mechanical
Ventilation

0.6% 1.4% 0.0% 0.031 1.2% 0.0% 0.326 1.8% 0.0% 0.038

Constipation 0.5% 1.1% 0.0% 0.056 0.0% 0.0% 2.6% 0.0% 0.012
Gastritis 0.2% 0.0% 0.4% 0.273 0.0% 0.0% 0.0% 0.5% 0.403
Atrial Fibrillation 0.3% 0.0% 0.7% 0.135 0.0% 0.0% 0.0% 1.0% 0.254
Surgical 4.3% 4.2% 4.4% 0.908 5.6% 4.3% 0.656 2.4% 4.5% 0.326
Dysphonia 0.3% 0.7% 0.0% 0.150 1.1% 0.0% 0.336 0.0% 0.0%
Dysphagia 0.5% 0.0% 1.1% 0.070 0.0% 2.0% 0.063 0.0% 0.8% 0.315
Implant-related 0.3% 0.6% 0.0% 0.158 0.0% 0.0% 1.4% 0.0% 0.064
Cervical Myelopathy/Stenosis 1.1% 2.4% 0.0% 0.005 3.5% 0.0% 0.088 1.0% 0.0% 0.119
Other Neurological Complication 0.5% 0.5% 0.6% 0.922 0.9% 2.3% 0.380 0.0% 0.0%
Post-operative Pain 0.5% 0.0% 1.0% 0.075 0.0% 0.0% 0.0% 1.4% 0.173
Wound Disruption 1.0% 0.0% 1.7% 0.020 0.0% 0.0% 0.0% 2.3% 0.076

Reoperation 2.4% 2.9% 1.7% 0.334 3.3% 0.0% 0.102 2.4% 2.3% 0.944
Revision Fusion 1.4% 2.9% 0.0% 0.002 3.3% 0.0% 0.102 2.4% 0.0% 0.015
Wound Debridement 1.0% 0.0% 1.7% 0.020 0.0% 0.0% 0.0% 2.3% 0.076
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posterior group (anterior ¼ 2.7, posterior ¼ 4.1, P < 0.01). In

contrast to other reviews, this study analyzed major neurologi-

cal complications including paraplegia and quadriplegia, and

found that an anterior approach was significantly associated

with neurological deficits (odds ratio 2.2). The JOA improved

in both groups significantly compared to baseline values, but

the difference in JOA improvement between approaches was

not clinically significant (1.3 points). Similar to other reviews,

this study found that the complication rates were significantly

higher in the anterior group. These authors concluded that a

posterior approach would be superior especially for multi-level

cervical myelopathy with OPLL; however, a comparative anal-

ysis of surgical approach by the number of levels fused was not

included in this review. Furthermore, both systematic reviews

were limited to small retrospective studies on Asian-only popu-

lations and revealed the need for a large, multi-center study on

non-Asian populations.

Bernstein et al used a large national data registry to examine

the trends and complications in the surgical management of

OPLL.16 In their study, these authors reported that the number

of surgical cases of OPLL has significantly increased over the

last decade and provided national estimates for inpatient post-

operative complications, which were substantial (21%). A

direct comparison of outcomes between an anterior and a pos-

terior approach was not performed; however, complication

rates appeared similar between the anterior (21%) and posterior

(20%) surgical approaches. This is in contrast to our study

where an anterior approach (33.5%) yielded nearly double the

inpatient postoperative complications than a posterior approach

(17%). This is most likely because of differences in what was

defined and included as a complication between our studies.

For instance, it is not clear what complications were included

as “neurological,” “cervical-spine related,” “pulmonary,”

“cardiac,” and “renal.” We included perioperative blood trans-

fusion and wound hematoma, which does not appear to be

captured in their study. Furthermore, their study uses a database

which does not allow for the assessment of post-discharge out-

comes and complications. Nevertheless, their study provided

significant insight on the national-level complication rates in a

non-Asian patient population with surgically treated OPLL.

Specifically, the percentage of Asians or Pacific Islanders with

OPLL who received surgical management, was 7.5%. This is

higher than the prevalence in the United States (4.9%), which

suggests a potential genetic association with OPLL.24 The

likely increased occurrence of OPLL in the Asian demographic

may explain the paucity of research of OPLL surgical manage-

ment in the United States; nevertheless, geographic variations

to the presentation and management of these patients may exist

and necessitates future national database studies in non-Asian

populations to compare perioperative outcomes.

To our knowledge, our study is one of the largest ones to

provide a direct comparative analysis of surgical approach in

the treatment of degenerative cervical myelopathy in non-

Asian patients who have OPLL. Consistent with prior litera-

ture, an anterior approach had significantly higher inpatient

complications than a posterior approach. This difference was

largely due to surgical complications (dysphagia: 14%[ante-

rior] vs. 1.1%[posterior] P-value < 0.001, wound hematoma:

1.7%[anterior] vs. 0%[posterior] P-value ¼ 0.02, and dural

tear: 9.4%[anterior] vs. 3.2%[posterior] P-value¼ 0.001) asso-

ciated with the anterior approach. Therefore, it is possible that

with improved surgical technique and proficiency, complica-

tions may be reduced. Despite higher inpatient complications,

the anterior approach did not result in a longer hospital stay and

the 90-day readmission and reoperation rates were similar

between both surgical approaches (Readmission: 11.7% [ante-

rior] vs.8.4% [posterior] P-value ¼ 0.177, Reoperation: 4.2%
[anterior] vs. 2.8% [posterior] P-value ¼ 0.261). Furthermore,

a posterior approach more often required at least a 4-level

fusion in comparison to an anterior approach; however, after

controlling for the number of levels fused in the multivariate

analysis, the anterior approach remained as an independent risk

factor for higher inpatient surgical complications (odds ratio

5.9), and the posterior approach was an independent predictor

for longer hospital length of stay by nearly 3 days (odds ratio

3.4; 6.8 days[posterior] vs. 4.0 days[anterior] P-value< 0.001).

The extended hospital length of stay observed in the posterior

group may be related to the higher rate of post-operative med-

ical complications and the subsequent need for sub-acute

rehab, which may delay hospital discharge. As demonstrated

in prior literature, post-operative neck pain is more common

with the posterior approach, which may contribute to a longer

hospital stay.9,25 The reasons for readmission and reoperation

did not vary by surgical approach for 2- to 3-level fusions;

however, for >3-level fusions, patients with an anterior

approach more often had a respiratory complication requiring

mechanical ventilation (P-value ¼ 0.038) and revision fusion

surgery (P-value ¼ 0.015).

A number of limitations should be acknowledged in this

study. First, this study does not include other posterior-based

procedures such as decompression-alone or laminoplasty. Only

patients who required both a cervical decompression and fusion

were examined in this study to minimize potential surgical-

related confounding factors. It is possible that non-fusion pro-

cedures such as laminoplasty may highlight the safety for

posterior approaches for multi-level disease and can be

assessed in future national databases. Furthermore, differences

in surgeon-technique, which was not possible to control for in

this study, will likely influence intraoperative and postopera-

tive outcomes. For instance, some authors have described an

“anterior floating method,” which is a subtotal vertebral body

resection and thinning, but not a complete removal of the

OPLL. This allows the OPLL to float anteriorly and away from

the spinal canal.26,27 In addition, Lee et al recently described

the “Vertebral Body Sliding Osteotomy” (VBSO), which is a

novel anterior technique that allows for direct decompression,

but avoids direct manipulation of the OPLL.28 Therefore, com-

plications arising from attempts to excise the OPLL are effec-

tively avoided. Due to the inherent limitations of the

Nationwide Readmission Database, this study lacks the ability

to monitor neurological complications in detail. A major con-

sideration in choosing the approach is the surgeon’s perception
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of which approach will cause more improvement in neurologic

function. The lack of precise neurological and functional out-

comes, which are not included in this national database and

would influence surgical decision making, is a major limitation

of this study. The absence of radiographic data precludes our

ability to determine the extent of OPLL or measure the K-line,

since many surgeons use these factors to guide their decision in

choosing a surgical approach. By using national-level data and

employing both propensity-score matching and multivariate

analyses, we aimed to minimize potential selection bias as

much as possible. It is important to note that we used a sophis-

ticated matching algorithm to control for an extensive list of

perioperative factors; however, we were not able to perfectly

match fusion levels. To adequately control for this potentially

confounding factor, we included fusion levels in multivariate

analyses to further delineate outcome differences by approach

and fusion levels. The minimum follow-up of this study was 90

days after the index discharge date. Although this is the first

nationally-based study on 90-day outcomes for this patient

population, future studies should include a longer follow-up

period to capture the true extent and progression of complica-

tions. Finally, no large database will ever yield as much infor-

mation as a well-executed prospective or even a large

retrospective study. All database studies are limited by the

information that was collected. However, our study with a large

cohort of subjects closely agrees with the findings of most

retrospective studies that have been published on this topic.

As such, it lends credence to the conclusions that have been

drawn from those studies, which too are flawed by factors such

as small numbers, single surgeon collections and limited

follow-up. While each type of study has its own set of inherent

flaws, taken together, with flaws that do not necessarily over-

lap, the evidence is compelling that our conclusions are likely

to be true findings.

Conclusion

The national estimates for inpatient complications (25%), read-

missions (9.9%), and reoperations (3.5%) are substantial after

the surgical treatment of multi-level cervical myelopathy in

patients with OPLL. An anterior approach resulted in signifi-

cantly higher inpatient surgical complications, but this did not

result in a longer hospital length of stay and the overall 90-day

post-discharge complication rates were similar between

approaches. For patients requiring >3-level fusion, an anterior

approach is associated with a significantly higher risk for

respiratory complications requiring mechanical ventilation and

revision fusion surgery. These findings will be important in the

preoperative surgical decision-making process for patients and

surgeons.
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