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Abstract

Study Design: Retrospective cohort study.

Objectives: Laminoplasty (LAMP) is one of the effective methods to successfully achieve surgical decompression in patients
with degenerative cervical myelopathy (DCM). However, little evidence exists regarding the perioperative complications in
LAMP for patients with ossification of the longitudinal ligament (OPLL) compared with cervical spondylotic myelopathy (CSM).
We aimed to investigate the perioperative complication rates and medical costs of DCM, including OPLL and CSM patients who
underwent LAMP using a large national inpatient database.

Methods: This study identified patients who underwent LAMP for OPLL and CSM from 2010 to 2016 using the Japanese
Diagnosis Procedure Combination database. We compared the incidence of perioperative complications (systemic and local),
reoperation rates, medical costs during hospitalization, and mortality were between the OPLL and CSM groups after propensity
score matching.

Results: This study included 22,714 patients (OPLL: 7485 patients, CSM: 15,229 patients). Consequently, 7169 pairs were
matched. More perioperative systemic complications were detected in the OPLL group (one complication: 9.1% vs 7.7%; P =
.002), especially for pneumonia (.5% vs .2%; P = .001) and dysphagia (.5% vs .2%; P = .004). The local complication rate was also
higher in the OPLL group (paralysis: 1.1% vs .6%, P = .006; spinal fluid leakage: .4% vs .1%, P = .002). The hospitalization costs
were approximately $2300 higher ($19,024 vs $16,770; P < .001) in the OPLL group.

Conclusions: More perioperative complications and higher medical costs were noted in patients with OPLL than in patients
with CSM who underwent LAMP.
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Introduction

Degenerative cervical myelopathy (DCM) due to nontraumatic
and age-related degeneration is a common spinal cord disorder in
middle-aged and older patients.1 Themain diseases are ossification
of the posterior longitudinal ligament (OPLL) and cervical
spondylotic myelopathy (CSM), although a variety of conditions
can cause DCM.2 OPLL is a disease in which the endochondral
ossification of the posterior longitudinal ligament progresses to
cause spinal cord compression and myelopathy3 and is also
associated with high body mass index and metabolic diseases,
such as diabetes.4 Moreover, CSM is a condition in which
degenerative changes caused by degeneration of the disks,
changes in osteophytes, and enlargement of the yellow ligament
cause narrowing of the spinal canal, resulting in spinal cord
compression and neurological deterioration.5 Thus, although
they commonly cause compressive spinal cord disorders, the
characteristics of the disease are different between OPLL
and CSM.

Decompression surgeries, including anterior and posterior
approaches, are generally used for treating cervical myelop-
athy.6 Laminoplasty (LAMP) is one of the eminent procedures
for simple posterior decompression of cervical myelopathy.7

Although LAMP has some limitations, such as postoperative
neck pain and stiffness,8 several studies have reported that it
effectively improves neurological disturbance and patient
activity levels in individuals with both OPLL and CSM.9-13

Surgeries for cervical OPLL are generally high-risk even in
cases treated with posterior only approaches, and the occur-
rence of surgical complications is not rare.14 Previous studies
have compared neurological improvement after LAMP be-
tween patients with OPLL and CSM. However, few studies
focused on the difference between OPLL and CSM in terms of
surgical complications after LAMP. Thus, this study aimed to
examine the details of perioperative complications, including
systemic and local LAMP complications for cervical OPLL
and CSM using a national inpatient database, and compare the
incidence of complications and medical costs between the
matched OPLL and CSM patient groups.

Materials and Methods

Informed Consent and Ethics

Informed consent for individual patients has been deemed
exempt from requirement because the database in current
study was completely anonymized. The application of all data
in this study was approved by the ethics committee of the
Tokyo Medical and Dental University (M2000-788-22).

Data Extraction

All data in this study was collected from the Diagnosis Procedure
Combination (DPC) database, a large national inpatient database
in Japan.15,16 Patients who were hospitalized for DCM,
OPLL (International Classification of Diseases, Tenth Revision,
ICD-10 code: M4882), or CSM (M4712) as a chief diagnosis
and who underwent LAMP (Japanese original operation
K-code: K142-6) from April 1, 2010 to March 31, 2016 were
identified. Furthermore, patients who were diagnosed with
cervical disk herniation (M500-502), cervical spondylotic radi-
culopathy (M4722), cervical spondylotic amyotrophy (G128),
and spinal cord injury (S141) were excluded from this study.
Patients who underwent laminectomy were also excluded.

The DPC database recorded age, gender, body mass index
(BMI), smoking status, admission type (scheduled or un-
scheduled), emergency transport, hospital type (academic or
nonacademic), activities of daily living (ADL) score for ad-
mission and discharge, preoperative comorbidities and post-
operative complications diagnoses denoted to the ICD-10
codes, surgical procedures, reoperation for postoperative com-
plications, blood transfusions, medical costs, and in-hospital
mortality.

Variables and Outcomes

Patients were divided into 2 groups based on whether their
preoperative diagnosis was OPLL or CSM. The parameters ob-
tained were age, gender, BMI, smoking status, type of admission,
emergency transport, hospital type, ADL score for admission and
discharge, preoperative complications, perioperative complica-
tions (systemic and local), reoperation, blood transfusion, and
medical costs during hospitalization.

Detailed information on preoperative comorbidities and
perioperative complications was extracted from the data-
base. Preoperative comorbidities include diabetes mellitus
(ICD-10 code; E10-14), cardiovascular disease (I48, 110, 200,
201, 208–214, 219–221, 228, 229, 238, 500, 501, and 509),
cerebrovascular disease (I614, 619, and I630–639), respi-
ratory disease (J13, 14, 150–159, 180–182, 188, 189, 441,
448, and 449), renal failure (N17–19, 289, and I120), hepatic
failure (K704, 711, 719, 720, 729, and 769), gastric ulcer
and hemorrhage (K250–270, 279, and 922), malignancy
(C00–97), rheumatoid arthritis (M690–698), and osteoporosis
(M800–805, 808–816, 818, and 819). In addition, peri-
operative systemic and local complications include systemic
complications [i.e., cardiovascular disease, cerebrovascular
disease, respiratory failure, pneumonia, dysphagia (K918 and
R13), renal failure, hepatic failure, gastric ulcer and
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hemorrhage, deep venous thrombosis (I801, 802, and 828),
pulmonary embolism (I269), sepsis (A394, 400–403, 409-415,
418, and 419), and delirium (F050, 051, and 059)], local
complications [i.e., surgical site infection (T793 and 814),
paralysis (G823–825, 831, and 832), meningitis (G001–
003, 008–009, 039, A390, and 392), spinal fluid leakage
(G960 and 961), and hematoma (S064, 141, 241, 341, and
T093)], and reoperations for perioperative complications
[treatment for wound trouble (K-code: K000) and debridement
(K002)]. The medical costs during hospitalization were com-
pared between patients with OPLL and CSM and further an-
alyzed for each group with and without complications
(systemic, local, and total) after propensity score matching.

Statistics

Univariate analysis was performed between the 2 groups
(OPLL and CSM groups) with crude data. Fisher’s exact test
and the chi-square test were used to compare categorical
variables, and the student’s t test was used to compare con-
tinuous variables. One-to-one propensity score matching17-19

was performed after crude data analysis, and the same analysis
was performed on eligible patients only after matching.

The procedure for propensity score matching is explained
below. A propensity score is calculated by performing a lo-
gistic analysis using explanatory variables for only those items
preoperatively known. The explanatory variables with the

Table 1. Patient Characteristics Between OPLL and CSM Before and After Matching.

Before Propensity Score Matching After Propensity Score Matching

OPLL (N = 7485) CSM (N = 15,229) P Value OPLL (N = 7169) CSM (N = 7169) P Value

Age (years) 65.1 ± 10.9 69.3 ± 11.2 <.001*** 65.6 ± 10.4 65.3 ± 12.0 .08
Sex .50 .91
Male 5221 (69.8%) 10,689 (70.2%) 5000 (69.7%) 4994 (69.7%)
Female 2264 (30.2%) 4540 (29.8%) 2169 (30.3%) 2175 (30.3%)

BMI (kg/m2) 25.3 ± 4.4 23.7 ± 4.2 <.001*** 24.9 ± 3.9 24.8 ± 4.8 .62
Smoking <.001*** .41
Yes 3772 (50.4%) 6990 (45.9%) 3588 (50.0%) 3637 (50.7%)
No 3713 (49.6%) 8239 (54.1%) 3581 (50.0%) 3532 (49.3%)

Admission type .53 .31
Scheduled 6873 (91.8%) 14,025 (92.1%) 6586 (91.9%) 6552 (91.4%)
Unscheduled 611 (8.2%) 1199 (7.9%) 583 (8.1%) 617 (8.6%)
Unknown 1 (.01%) 5 (.03%) 0 (0%) 0 (0%)

Emergency transport .62 .87
Yes 178 (2.4%) 378 (2.5%) 171 (2.4%) 168 (2.3%)
No 7306 (97.6%) 14,846 (97.5%) 6998 (97.6%) 7001 (97.7%)
Unknown 1 (.01%) 5 (.03%) 0 (0%) 0 (0%)

Hospital type .71 .47
Academic 1350 (18.0%) 2778 (18.2%) 1279 (17.8%) 1246 (17.4%)
Non-academic 6135 (82.0%) 12,451 (81.8%) 5890 (82.2%) 5923 (82.6%)

ADL score for admission
(points)

17.2 ± 5.3 17.1 ± 5.3 .64 17.2 ± 5.3 17.1 ± 5.3 .59

Preoperative comorbidities
Diabetes mellitus 2070 (27.7%) 3746 (24.6%) <.001*** 1949 (27.2%) 1964 (27.4%) .78
Cardiovascular disease 413 (5.5%) 1095 (7.2%) <.001*** 403 (5.6%) 385 (5.4%) .51
Cerebrovascular disease 276 (3.7%) 624 (4.1%) .14 266 (3.7%) 289 (4.0%) .32
Respiratory disease 54 (.7%) 174 (1.1%) .003** 51 (.7%) 43 (.6%) .41
Renal failure 149 (2.0%) 680 (4.5%) <.001*** 148 (2.1%) 134 (1.9%) .40
Hepatic failure 235 (3.1%) 555 (3.6%) .05 231 (3.2%) 213 (3.0%) .39
Gastric ulcer and
hemorrhage

228 (3.1%) 514 (3.4%) .19 225 (3.1%) 219 (3.1%) .77

Malignancy 95 (1.3%) 245 (1.6%) .048* 95 (1.3%) 90 (1.3%) .71
Rheumatoid arthritis 41 (.6%) 150 (1.0%) .001** 40 (.6%) 57 (.8%) .08
Osteoporosis 102 (1.4%) 488 (3.2%) <.001*** 94 (1.4%) 88 (1.2%) .51

Data was presented as n (%) or mean ± SD. Significant values are given as follows. *P < .05, **P < .01, ***P < .001.
Abbreviation: OPLL, ossification of posterior longitudinal ligament; CSM, cervical spondylotic myelopathy; SD, standard deviation; BMI, body mass index; ADL,
activities of daily living.
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logistic regression analysis were age, gender, BMI, smoking
status, admission type, emergency transport, hospital type, ADL
score for admission, and preoperative comorbidities (diabetes
mellitus, cardiovascular disease, cerebrovascular disease, re-
spiratory disease, renal failure, hepatic failure, gastric ulcer and
hemorrhage, malignancy, rheumatoid arthritis, and osteoporo-
sis). Patients diagnosed with OPLL were matched with those
diagnosed with CSM in terms of the propensity score using
calipers with a width <.2 and the one-to-one nearest neighbor-
matching method. Thus, a 1:1 pair with aligned patient
backgrounds in the OPLL and CSM groups is formed, re-
sulting in a selection bias-adjusted cohort. All statistical
analyses were executed using Stata IC version 16 (StataCorp,
College Station, TX, USA) with P values <.05 considered
statistically significant.

Results

This study had 22,714 patients divided into the OPLL (n = 7485)
and CSM (n = 15,229; Table 1) groups. Before matching, the
OPLL group included younger patients (OPLL vs CSM: 65.1
vs 69.3 years;P < .001). In addition, patients in the OPLL group
tended to have a larger BMI (25.3 vs 23.7 kg/m2; P < .001), a
higher smoking rate (50.4% vs 45.9%; P < .001), and more
diabetes mellitus than patients in the CSM group. Conse-
quently, the patients in the CSM group had more preoper-
ative comorbidities, including cardiovascular disease (OPLL
vs CSM: 5.5% vs 7.2%; P < .001), respiratory disease (.7% vs
1.1%; P < .003), renal failure (2.0% vs 4.5%; P < .001),
malignancy (1.3% vs 1.6%%; P < .048), rheumatoid arthritis
(.6% vs 1.0%; V = .001), and osteoporosis (1.4% vs 3.2%; P <
.001). Other comorbidities were not significantly different
between the groups. Furthermore, 14,338 patients (matched
7169 pairs) were included after matching. All backgrounds of

the 7169 pairs of the OPLL and CSM groups were approxi-
mately controlled (Table 1).

Table 2 reviewed the perioperative systemic complication
rates in the OPLL and CSM groups before and after matching.
After matching, more perioperative systemic complications
were discovered in the OPLL group than in the CSM group for
respiratory problems such as pneumonia (OPLL vs CSM: .5%
vs .2%; P = .001) and dysphagia (.5% vs .2%; P = .004).
Patients in the OPLL group also had more occasions of one
systemic complication (OPLL vs CSM: 9.1% vs 7.7%; P =
.002). Although the rate of tracheotomy and tracheostomy was
also higher in the OPLL group (OPLL vs CSM: .1% vs .01%;
P = .011), the rate of surgery to the brain was higher in the
CSM group (0% vs .1%; P = .014). However, other systemic
complication rates were not significantly different between the
2 groups (Table 2).

Table 3 similarly shows the local complications and re-
operation rates for local complications between the 2 groups
before and after matching. Overall, the local complication rate
was higher in the OPLL group than in the CSM group after
matching (OPLL vs CSM: 2.0% vs 1.4%; P = .012). The
incidence of paralysis (OPLL vs CSM: 1.1% vs .6%; P = .006)
and spinal fluid leakage (.4% vs .1%; P = .002) were sig-
nificantly higher in the OPLL group than in the CSM group
after matching. Additionally, treatment for wound trouble
(OPLL vs CSM: 1.9% vs 1.3%; P = .011) and one reoperation
for local complications (2.0% vs 1.4%; P = .012) were more
frequently required in the OPLL group after matching. Other
complication and reoperation rates for local complications
were similar between the 2 groups (Table 3).

Table 4 investigates the total medical costs during hospi-
talization for the OPLL and CSM groups. The costs were ap-
proximately $2300 higher (OPLL vs CSM: $19,024 vs $16,770;
P < .001) in the OPLL group after matching (Table 4).

Table 2. Systemic Complications and Blood Transfusion After Propensity Score Matching.

OPLL (N = 7169) CSM (N = 7169) P Value

Systemic complications
Cardiovascular disease 174 (2.4%) 147 (2.1%) .13
Cerebrovascular disease 33 (.5%) 20 (.3%) .07
Respiratory failure 28 (.4%) 23 (.3%) .48
Pneumonia 37 (.5%) 14 (.2%) .001**
Dysphagia 34 (.5%) 14 (.2%) .004**
Renal failure 21 (.3%) 22 (.3%) .88
Hepatic failure 18 (.3%) 22 (.3%) .53
Gastric ulcer and hemorrhage 271 (3.8%) 237 (3.3%) .13
Deep venous thrombosis 53 (.7%) 39 (.5%) .14
Pulmonary embolism 10 (.1%) 11 (.2%) .83
Sepsis 6 (.1%) 10 (.1%) .32
Delirium 32 (.5%) 30 (.4%) .80
At least one complication 655 (9.1%) 552 (7.7%) .002**

Blood transfusion 232 (3.2%) 197 (2.8%) .09

Data is presented as n (%). Significant values are given as follows. **P < .01.
Abbreviation: OPLL, ossification of posterior longitudinal ligament; CSM, cervical spondylotic myelopathy.
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Furthermore, mortality and ADL scores at discharge were not
significantly different between the 2 groups.

Table 5 displays the medical costs. In addition, medical
costs were approximately $2300 higher in the OPLL group
than in the CSM group (OPLL vs CSM: $19,024 vs $16,770;
P < .001). Costs were also compared between groups with and

without complications (systemic, local, and total). Medical
costs were higher in the group with complications, both in the
OPLL and CSM groups. The difference in cost for CSM
patients between the groups with and without complications
was about $2000 for systemic ($18,786 vs $16,530; P < .001),
local ($19,024 vs $16,597; P < .001), and total complications

Table 3. Local Complications and Reoperation After Propensity score Matching.

OPLL (N = 7169) CSM (N = 7169) P Value

Local complications
Surgical site infection 155 (2.2%) 153 (2.1%) .91
Paralysis 75 (1.1%) 45 (.6%) .006**
Meningitis 9 (.1%) 17 (.2%) .12
Spinal fluid leakage 28 (.4%) 9 (.1%) .002**
Hematoma 61 (.9%) 47 (.7%) .18
At least one complication 321 (4.5%) 266 (3.7%) .020*

Reoperation

Treatment for wound trouble 133 (1.9%) 95 (1.3%) .011*
Debridement 7 (.1%) 3 (.04%) .21
At least one reoperation 142 (2.0%) 103 (1.4%) .012*

Data is presented as n (%). Significant values are given as follows. *P < .05, **P < .01.
Abbreviation: OPLL, ossification of posterior longitudinal ligament; CSM, cervical spondylotic myelopathy.

Table 4. Cost and Mortality for After Propensity Score Matching.

OPLL (N = 7169) CSM (N = 7169) P Value

Cost ($) 19,024 ± 7889 16,770 ± 6906 <.001***
Mortality 6 (.1%) 14 (.2%) .07
ADL score for discharge (points) 17.7 ± 4.4 17.7 ± 4.4 .82

Data is presented as n (%) or mean ± SD. Significant values are given as follows. ***P < .001.
Abbreviations: OPLL, ossification of posterior longitudinal ligament; CSM, cervical spondylotic myelopathy; SD, standard deviation; ADL, activities of daily living.

Table 5. Cost Between Complication (+) and (-) in OPLL, CSM, and Total Patients After Propensity Score Matching.

OPLL (N = 7169)

Systemic Complication (+) (N = 655) Systemic Complication (-) (N = 6514) P Value
Cost ($) 22,290 ± 11,913 18,613 ± 7244 <.001***

Local complication (+) (N = 321) Local complication (-) (N = 6848) P Value
Cost ($) 22,071 ± 10,535 18,803 ± 7680 <.001***

Total complication (+) (N = 945) Total complication (-) (N = 6224) P Value
Cost ($) 22,053 ± 11,179 18,478 ± 7105 <.001***

CSM (N = 7169)

Systemic complication (+) (N = 552) Systemic complication (-) (N = 6617) P Value
Cost ($) 18,786 ± 9609 16,530 ± 6571 <.001***

Local complication (+) (N = 266) Local complication (-) (N = 6903) P Value
Cost ($) 19,024 ± 7889 16,597 ± 6804 <.001***

Total complication (+) (N = 799) Total complication (-) (N = 6370) P Value
Cost ($) 18,954 ± 9151 16,422 ± 6484 <.001***

Data was presented as mean ± SD. Significant values are given as follows. ***P < .001.
Abbreviations: OPLL, ossification of posterior longitudinal ligament; CSM, cervical spondylotic myelopathy; SD, standard deviation.
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($18,954 vs $16,422; P < .001). Consequently, a difference
of >$3000 exists in patients with OPLL in any complication
group (systemic complications: $22,290 vs $18,613, P < .001;
local complications: $22,071 vs $18,803, P < .001; and total
complications: $22,053 vs $18,478, P < .001).

Discussion

This study examined the perioperative complication rates of
patients who received LAMP for cervical OPLL or CSM using
a nationwide inpatient database in Japan. In addition, Japan is
one of the highest aged countries, and the database included
patients with relatively high ages (OPLL: 65.1 years old; CSM:
69.3 years old) compared with a similar database study with
posterior cervical surgeries performed in Western countries
(60.6 years old).20 Therefore, the results of this study can
provide important information when surgeons perform surgery
on aged patients. Patients with CSM and OPLL in our study are
different because those in the latter category have higher av-
erage BMI and an increased incidence of diabetes. Therefore,
this study strictly matched the patient’s backgrounds between
OPLL and CSM using propensity score matching analysis to
accurately assess the perioperative LAMP complication rates.

This study showed that dysphagia after LAMP was more
frequent in theOPLL group than in the CSMgroup. Interestingly,
OPLL showed a high incidence of postoperative dysphagia even
in posterior laminoplasty that did not require direct manipulation
of the retropharyngeal and retrotracheal tissues. OPLL-specific
disease characteristics that differ from CSM potentially influence
swallowing function. Moreover, OPLL is associated with a high
ossification rate of the anterior longitudinal ligament (OALL) in
the cervical spine,21 which possibly causes dysphagia due to
narrowing of the retropharyngeal and esophageal cavities.22,23

Furthermore, normal swallowing requires cervical motion
(decreased cervical lordosis and backward shift of the subaxial
cervical spine), which can be restricted by OPLL and OALL.24

A previous study reported that decreased cervical spine mo-
bility can cause dysphagia,23 which supports the increased
occurrence of dysphagia in OPLL, where cervical mobility can
be decreased.

The results of this study also indicated that OPLL was
associated with a higher incidence of respiratory events, es-
pecially pneumonia. Postoperative dysphagia in OPLL patients
may lead to respiratory complications (e.g., pneumonia) be-
cause dysphagia is one of the major risk factors for aspiration
pneumonia.25 Additionally, approximately 50% of patients with
cervical OPLL have coexisting diffuse idiopathic skeletal hy-
perostosis (DISH) according to a previous study, and its de-
velopment is especially marked at the thoracic level.21 In
addition, DISH can reduce thoracic cage mobility, which re-
stricts pulmonary function.26 The limited thoracic function may
lead to increased pneumonia in patients with OPLL in addition
to the occurrence of dysphagia.

Postoperative paralysis occurred in OPLL cases twice as
often as CSM cases. Since spinal cord is strongly compressed

in most cases of OPLL, neural damage may occur during the
decompression. In addition, LAMP provides indirect spinal
cord decompression by shifting the spinal cord posteriorly
through posterior spinal canal expansion.27 A previous study
described a relatively high incidence of postoperative lower
limb paralysis after LAMP for OPLL.14 They stated that the
greater the ossification occupancy, the higher the incidence of
postoperative neurological sequelae.14 Indirect decompression
with LAMP, especially in large, asymmetrical OPLL, may
result in disproportionate decompression, which may lead to
paralysis. Furthermore, the anterior spinal cord compression in
CSM is not as great or as disproportionate as in OPLL. Thus,
posterior decompression may result in less paralysis.

This study showed that the incidence of postoperative
cerebrospinal fluid (CSF) leakage in OPLL was about 4 times
higher than in CSM. In ADF for OPLL, resection of the
ossified dura mater and/or dural tear associated with de-
tachment of the adhesions results in CSF leakage.12 Inter-
estingly, the trend toward a high incidence of CSF leakage in
OPLL was similar in LAMP, which did not involve resection
of the ossified dura mater. In a multicenter prospective study,
dural tear frequency was also higher in patients with OPLL
than in other types of DCM (OPLL vs other types of DCM:
5.2% vs 2.0%).28 Hou et al also showed that LAMP and ADF
have comparable incidences of CSF leakage in multilevel
OPLL (LAMP vs ADF: 2.9% vs 3.3%).29 A highly narrowed
spinal canal by OPLL can cause severe adhesion between the
dura and posterior elements, and thus dura mater may be
damaged when opening the lamina posteriorly, leading to CSF
leakage. Note that a significant risk of dural injury and spinal
fluid leakage was noted in patients with OPLL even with
LAMP, which does not directly touch the ossification.

Postoperative complications occurred more frequently in
patients with OPLL, which led to higher health care costs.Medical
costs during hospitalization were approximately $2300 higher
in the OPLL group than in the CSM group (OPLL vs CSM:
$19,024 vs $16,770; P < .001). Several previous studies have
pointed out that the occurrence of perioperative complications
leads to increased medical costs in spine surgeries.11,12,15,16,30

One previous study indicated that the incremental cost of treating
severe complications exceeded $20,000. In the current cases,
perioperative systemic/local complications caused higher
hospitalization costs not only in patients with OPLL but also
in patients with CSM. Consequently, the occurrence of
perioperative complications increased medical costs by ap-
proximately $2000 to $3000 in both the OPLL and CSM
groups. In particular, the total medical cost exceeded $20,000
when perioperative complications occurred in the OPLL
group. Thus, how to reduce perioperative complications by
devising a surgical technique is an extremely important issue
either in CSM or OPLL.

This study has several limitations. The database only
contained information during hospitalization and considering
mortality and postoperative complications after hospital dis-
charge was not possible. The database system is unable to
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reflect some clinically important findings due to the lack of
imaging and laboratory data and the diagnosis by only coding
with the ICD-10 code. For example, cervical spine alignment,
the level of spinal cord compression, the severity of neuro-
logical symptoms as reflected in the Japanese Orthopedic
Association score, and the actual techniques of laminoplasty
(bilateral or unilateral openings) were not available in this
database system. In addition, the definition of perioperative
complications was not optimized. The incidence of peri-
operative complications in such database studies can be af-
fected by diagnostic strategies and definitions.31,32 Further
research would be needed with more clinical information and
detailed diagnostic strategies and definitions.

Conclusions

A retrospective cohort analysis using a large national inpatient
database revealed the perioperative OPLL and CSM com-
plication rates in LAMP. More systemic complications (e.g,
respiratory events, paralysis, and CSF leakage) were observed
in the OPLL group. The findings of this study may provide
useful information to surgeons planning to perform LAMP for
DCM patients.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, au-
thorship, and/or publication of this article.

ORCID iDs

Toshitaka Yoshii, MD, PhD https://orcid.org/0000-0003-3511-9020
Hiroyuki Inose, MD, PhD https://orcid.org/0000-0003-4195-2545
Takashi Hirai, MD, PhD  https://orcid.org/0000-0001-6200-0100
Junya Katayanagi, MD, PhD https://orcid.org/0000-0003-3573-7064

Ethical Statement

The study protocol was approved by the institutional review boards of
Tokyo Medical and Dental University. (M2000-788-22). A statement
of the location where the work was performed. All research work has
been performed in Tokyo Medical and Dental University.

References

1. Kwok SSS, Cheung JPY. Surgical decision-making for os-
sification of the posterior longitudinal ligament versus other
types of degenerative cervical myelopathy: anterior versus
posterior approaches. BMC Muscoskel Disord. 2020;21(1):
823.

2. Nouri A, Tetreault L, Singh A, et al. Degenerative cervical
myelopathy: Epidemiology, genetics, and pathogenesis. Spine
(Phila Pa 1976). 2015;40(12):E675-E693.

3. Hollenberg AM, Mesfin A, Hollenberg AM. Ossification of the
Posterior Longitudinal Ligament in North American Patients:
Does Presentation with Spinal Cord Injury Matter? World
Neurosurg. 2020;143:e581-589.

4. Ren Y, Feng J, Liu ZZ, et al. A new haplotype in BMP4 im-
plicated in ossification of the posterior longitudinal ligament
(OPLL) in a Chinese population. J Orthop Res. 2012;30(5):
748-756.

5. Hori M, Hagiwara A, Fukunaga I, et al. Application of quan-
titative microstructural MR imaging with atlas-based analysis
for the spinal cord in cervical spondylotic myelopathy. Sci Rep.
2018;8(1):5213.

6. Han X, Ma X, Li D, et al. The evaluation and prediction of
laminoplasty surgery outcome in patients with degenerative
cervical myelopathy using diffusion tensor MRI. Am J Neu-
roradiol. 2020;41(9):1745-1753.

7. He X, Zhang JN, Liu TJ, et al. Is laminectomy and fusion the
better choice than laminoplasty for multilevel cervical mye-
lopathy with signal changes on magnetic resonance imaging? A
comparison of two posterior surgeries. BMC Muscoskel Disord.
2020;21(1):423.

8. Kudo H, Takeuchi K, Wada K, et al. Ten-year long-term results
of modified cervical double-door laminoplasty with C3 lam-
inectomy preserving the semispinalis cervicis inserted into the
axis compared with those of conventional cervical laminoplasty.
Clin Spine Surg. 2020;34(3):E147-E153.

9. Onuma H, Hirai T, Yoshii T, et al. Clinical and radiologic out-
comes of bone grafted and non-bone grafted double-door lam-
inoplasty, the modified Kirita-Miyazaki method, for treatment of
cervical spondylotic myelopathy: Five-year follow-up. J Orthop
Sci. 2018;23(6):923-928.

10. Sakai K, Okawa A, Takahashi M, et al. Five-year follow-up
evaluation of surgical treatment for cervical myelopathy caused
by ossification of the posterior longitudinal ligament: a pro-
spective comparative study of anterior decompression and fu-
sion with floating method versus laminoplasty. Spine. 2012;
37(5):367-376.

11. Morishita S, Yoshii T, Okawa A, et al. Comparison of perioperative
complications between anterior decompression with fusion and
laminoplasty for cervical spondylotic myelopathy: Propensity
score-matching analysis using Japanese diagnosis procedure
combination database. Clin spine Surg. 2020;33(3):E101-E107.

12. Morishita S, Yoshii T, Okawa A, et al. Perioperative compli-
cations of anterior decompression with fusion versus lam-
inoplasty for the treatment of cervical ossification of the
posterior longitudinal ligament: propensity score matching
analysis using a nation-wide inpatient database. Spine J. 2019;
19(4):610-616.

13. Nakashima H, Kanemura T, Satake K, et al. Reoperation for Late
Neurological Deterioration after Laminoplasty in Individuals
with Degenerative Cervical Myelopathy: Comparison of Cases
of Cervical Spondylosis and Ossification of the Posterior
Longitudinal Ligament. Spine. 2020;45(15):E909-E916.

14. Seichi A, Hoshino Y, Kimura A, et al. Neurological compli-
cations of cervical laminoplasty for patients with ossification of

1962 Global Spine Journal 13(7)

https://orcid.org/0000-0003-3511-9020
https://orcid.org/0000-0003-3511-9020
https://orcid.org/0000-0003-4195-2545
https://orcid.org/0000-0003-4195-2545
https://orcid.org/0000-0001-6200-0100
https://orcid.org/0000-0001-6200-0100
https://orcid.org/0000-0003-3573-7064
https://orcid.org/0000-0003-3573-7064


the posterior longitudinal ligament - A multi-institutional ret-
rospective study. Spine. 2011;36(15):E998-E1003.

15. Yoshii T, Morishita S, Inose H, et al. Comparison of perioperative
complications in anterior decompression with fusion and posterior
decompression with fusion for cervical ossification of the posterior
longitudinal ligament: Propensity score matching analysis using a
nation-wide inpatient database. Spine. 2020;45(16):E1006-E1012.

16. Morishita S, Yoshii T, Okawa A, et al. Comparison of peri-
operative complications between anterior fusion and posterior
fusion for osteoporotic vertebral fractures in elderly patients:
Propensity score-matching analysis using nationwide inpatient
database. Clin Spine Surg. 2020;33(10):E586-E592.

17. Weir S, Kuo TC, SamnalievM, et al. Reoperation following lumbar
spinal surgery: costs and outcomes in a UK population cohort study
using the Clinical Practice Research Datalink (CPRD) and Hospital
Episode Statistics (HES). Eur Spine J. 2019;28(4):863-871.

18. Manning J, Wang E, Varlotta C, et al. The effect of vascular
approach surgeons on perioperative complications in lateral trans-
psoas lumbar interbody fusions. Spine J. 2020;20(3):313-320.

19. Tobert DG, Le HV, Blucher JA, et al. The clinical implications of
adding CT angiography in the evaluation of cervical spine
fractures a propensity-matched analysis. J Bone Jt Surg - Am
Vol. 2018;100(17):1490-1495.

20. Boniello A, Petrucelli P, Kerbel Y, et al. Short-term outcomes
following cervical laminoplasty and decompression and fusion
with instrumentation. Spine. 2019;44(17):E1018-E1023.

21. Nishimura S, Nagoshi N, Iwanami A, et al. Prevalence and
distribution of diffuse idiopathic skeletal hyperostosis on whole-
spine computed tomography in patients with cervical ossifica-
tion of the posterior longitudinal ligament. Clin Spine Surg.
2018;31(9):E460-E465.

22. Nishimura H, Endo K, Aihara T, et al. Risk factors of dysphagia
in patients with ossification of the anterior longitudinal ligament.
J Orthop Surg. 2020;28(3).

23. Sakai K, Yoshii T, Arai Y, et al. A Prospective Cohort Study of
Dysphagia after Subaxial Cervical Spine Surgery. Spine (Phila
Pa 1976). 2021;46(8):492-498.

24. Mekata K, Takigawa T, Matsubayashi J, et al. Cervical spine
motion during swallowing. Eur Spine J. 2013;22(11):2558-2563.

25. Kim JW, Choi H, Jung J, et al. Risk factors for aspiration
pneumonia in patients with dysphagia undergoing video-
fluoroscopic swallowing studies: A retrospective cohort study.
Medicine (Baltim). 2020;99(46):e23177.
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