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Abstract

Background Although posterior decompression with fusion (PDF) are effective for treating thoracic myelopathy,
surgical treatment has a high risk of various complications. There is currently no information available on the
perioperative complications in thoracic ossification of the longitudinal ligament (T-OPLL) and thoracic ossification of
the ligamentum flavum (T-OLF). We evaluate the perioperative complication rate and cost between T-OPLL and T-OLF
for patients underwent PDF.

Methods Patients undergoing PDF for T-OPLL and T-OLF from 2012 to 2018 were detected in Japanese nationwide
inpatient database. One-to-one propensity score matching between T-OPLL and T-OLF was performed based

on patient characteristics and preoperative comorbidities. We examined systemic and local complication rate,
reoperation rate, length of hospital stays, costs, discharge destination, and mortality after matching.

Results In a total of 2,660 patients, 828 pairs of T-OPLL and T-OLF patients were included after matching. The
incidence of systemic complications did not differ significantly between the T-OPLL and OLF groups. However, local
complications were more frequently occurred in T-OPLL than in T-OLF groups (11.4% vs. 7.7% P=0.012). Transfusion
rates was also significantly higher in the T-OPLL group (14.1% vs. 9.4%, P=0.003). T-OPLL group had longer hospital
stay (42.2 days vs. 36.2 days, P=0.004) and higher medical costs (USD 32,805 vs. USD 25,134, P<0.001). In both T-OPLL
and T-OLF, the occurrence of perioperative complications led to longer hospital stay and higher medical costs.
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hospitals more frequently (47.5% vs. 33.5%, P=0.001).

database

While fewer patients in T-OPLL were discharged home (51.6% vs. 65.1%, P<0.001), patients were transferred to other

Conclusion This research identified the perioperative complications of T-OPLL and T-OLF in PDF using a large
national database, which revealed that the incidence of local complications was higher in the T-OPLL patients.
Perioperative complications resulted in longer hospital stays and higher medical costs.

Keywords Perioperative complications, Costs, Thoracic ossification of the posterior longitudinal ligament, Thoracic
ossification of the ligamentum flavum, Posterior decompression with fusion, Diagnosis procedure combination

Introduction

Thoracic myelopathy is a condition in which motor and
sensory of the trunk and lower extremities are impaired
due to compression of the thoracic spinal cord [1]. A
retrospective study on Japanese patients stated that the
causes and frequency of thoracic myelopathy were ossi-
fication of the ligamentum flavum (OLF; 64%) and ossi-
fication of the posterior longitudinal ligament (OPLL;
16%) [2]. OLF is characterized with ectopic ossification
of the ligamentum flavum behind spinal canal and cord,
which is common cause of thoracic myelopathy in Japan
[3]. Meanwhile, OPLL is a relatively rare disease caused
by ectopic ossification of the posterior longitudinal liga-
ment anterior to spinal canal and cord, resulting in severe
myelopathy [4, 5]. Because the thoracic spine generally
has kyphotic alignment and the spinal cord is vulnerable,
myelopathy in thoracic OPLL (T-OPLL) is often more
severe than in cervical OPLL [6]. T-OPLL has different
characteristics from the cervical OPLL and thoracic OLF
(T-OLE).

Once myelopathy develops, the only effective treatment
is surgery because conservative therapy is rarely effec-
tive for both T-OPLL and T-OLF [7, 8]. Conventional
posterior surgical procedure includes laminectomy and
posterior decompression with fusion (PDF) using instru-
mentation [9]. While laminectomy is partially effective
for T-OLF, there are a certain number of cases with poor
neurological results [8, 9]. Indeed, a multicenter pro-
spective nationwide survey in Japan found that 48.9% of
T-OLF were treated with posterior instrumented fusion
surgery rather than laminectomy alone [10]. Although
PDF is a reasonable procedure with good neurological
improvement for both T-OPLL and T-OLF [10, 11], the
details of perioperative complications including systemic
complications are unclear. Perioperative complication
rates may differ between T-OPLL and T-OLF, even when
the same posterior instrumented surgery is performed.

In severe diseases such as T-OPLL and T-OLF, the
information regarding the risk of perioperative complica-
tions is incredibly helpful in informed consent between
patient and spinal surgeon. However, few studies have
compared the perioperative complication rates of these
two diseases in PDF. Though OPLL is relatively common

among Asians including Japanese, relatively rare among
Westerners. Furthermore, thoracic OPLL occurs even
less frequently than cervical OPLL. Therefore, it is gen-
erally difficult to obtain enough cases to study the peri-
operative complication rate in posterior surgery for
thoracic OPLL and OLE. This point is overcome by using
a large inpatient database covering all of Japan. We exam-
ined perioperative complications after PDF for T-OPLL
and T-OLF using the Diagnosis Procedure Combina-
tion (DPC) database, a large national inpatient database
in Japan. In addition, we adjusted patient characteristics
using the propensity score matching (PSM) method to
minimize the bias that might affect perioperative compli-
cation rates.

Methods

Data supply

All information for the present study was obtained from
the Japanese DPC database from April 1, 2012, to March
31, 2018. A total of more than 1,000 hospitals includ-
ing 82 university hospitals participate in the Japanese
national inpatient database, providing data on approxi-
mately 50% of all acute inpatients in Japan (equivalent
to about 7 million people) [12, 13]. The database regis-
tered the following information: age, sex, body mass
index (BMI), smoking, surgical procedure compliant with
Japanese original K-code, admission type, emergency
transport, hospital type, preoperative comorbidities at
admission compliant with International Classification of
Diseases, Tenth Revision (ICD-10) codes, perioperative
complications after admission compliant with ICD-10
codes, blood transfusions, length of stay, medical costs
during hospitalization, discharge destination, and mor-
tality. This research was approved by DPC Study Group
[14] and the Ethics Committee of our institution. Since
all data were completely anonymized, informed consent
was not required from each patient.

Patient information

Patients diagnosed with T-OPLL and T-OLF (ICD-10
code, M4884) and underwent PDF (K142-2 or K142-
3) through a posterior approach were selected from the
database. Patients who underwent anterior and posterior
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combined approached surgeries were excluded. The reg-
istered comorbidities at admission were as follows: dia-
betes mellitus (ICD-10 codes: E10-14), cardiovascular
disease (ischemic heart disease: 1200, 201, 208—214, 219—
221, 228, 229, 238, cardiac failure: 1110, 1500, 501,509,
atrial fibrillation: 148), hypertension (110, 15), cerebro-
vascular disease (1614, 619, 1630-639), respiratory dis-
ease (chronic obstructive pulmonary disease: J441, 448,
449, pneumonia: J13, 14, 150-159, J180-182, 188, 189,
J690, J958), Renal disease (N17-19, N289, 1120), Hepatic
disease (K704, 711, 719, 720, 729, 769), gastrointestinal
disease (K250-270, K279, K922), malignancy (C00-97),
rheumatoid arthritis (M069), osteoporosis (M800-805,
808-816, 818, and 819), and mental disease (depres-
sion: F313-315, 318-323, 328-334, 339, schizophrenia:
F200-209).

Outcomes

We investigated the outcomes between T-OPLL and
T-OLF as follows: perioperative complication rates
(systemic and local), reoperation rates, length of stay,
medical costs during hospitalization (with and without
perioperative complications), transfusion, mortality, and
discharge destination (home or another hospital). Since
the exact amount of blood loss was not directly known,
we evaluated as surrogate outcomes by blood transfu-
sion based on previous reports [15, 16]. The analyzed
systemic complications between T-OPLL and T-OLF as
follows: cardiovascular complications (ischemic heart
disease, cardiac failure, atrial fibrillation), cerebrovascu-
lar complications, respiratory complications (pneumonia,
respiratory failure: J959-961, 969), Renal complications,
Hepatic complications, gastrointestinal complications,
peripheral vascular complications (deep venous throm-
bosis: 1801, 802, 828, pulmonary embolism: 1269), sys-
temic infectious complications (urinary tract infection:
N390, T835, sepsis: A394, 400-403, 409-415, 418, 419),
and delirium (F050, 051, 059). The analyzed local compli-
cations and reoperations as follows: surgical site infection
(SSI) (T793, 814), cerebrospinal fluid leakage (G960, 961),
hematoma (S064, 241, 341, T093), meningitis (GOO1-
003,008-009, 039, A390, 392), and wound debridement
(K-code: K-002).

Statistics

Patients diagnosed T-OPLL, and patients diagnosed
T-OLF were matched using the PSM method. The pro-
cedure for PSM is described below. A logistic regres-
sion analysis was performed with all known preoperative
variables as explanatory variables. Explanatory variables
for logistic regression included age, sex, BMI, smoking
(yes or no), admission type (scheduled or unscheduled),
emergency (yes or no), hospital type (academic or non-
academic), and preoperative comorbidities (diabetes
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mellitus, cardiovascular disease, hypertension, cere-
brovascular disease, respiratory disease, renal disease,
hepatic disease, gastrointestinal disease, malignancy,
rheumatoid arthritis, osteoporosis, mental disease). Next,
propensity scores were calculated using caliper width of
0.4 in the model. Finally, 1:1 pair was created between
T-OPLL and T-OLF patients whose propensity scores
were close using one-to-one nearest neighbor match-
ing method. Only matched patients were included in the
analyses. Fisher’s exact test and the Chi-square test were
applied to evaluate categorical variables, and the Stu-
dent’s t test was applied to evaluate continuous variables.
We presented all statistical analyses on Stata IC version
16 (StataCorp, College Station, Texas, USA) and assessed
P<0.05 to be statistically significant.

Results

We recognized total 2,660 eligible patients (T-OPLL:
1,256 patients, T-OLF: 1,404 patients) before matching.
The patient’s characteristic (Male: 1,556 cases, Female:
1,094 cases) was significantly different between the
T-OPLL and T-OLF group before the matching. In the
T-OPLL group, there were younger patients (T-OPLL
vs. T-OLF: 56.1 years vs. 66.7 years, P<0.001), fewer
male (male: 45.4%, P<0.001), higher BMI (29.5 kg/m?
vs. 25.9 kg/m?), fewer smoking patients (29.4% vs. 34.4%,
P=0.009), and more academic hospitals (17.5% vs. 12.7%,
P<0.001) (Table 1). In addition, more patients in the
T-OPLL group had diabetes mellitus (33.0% vs. 25.0%,
P<0.001). In contrast, other preoperative comorbidities
were more frequent in the T-OLF group (cardiovascu-
lar disease, hypertension renal disease, malignancy, and
osteoporosis) (Table 1).

Details of perioperative systemic complications in the
T-OPLL and T-OLF groups after matching are shown
in Table 2. After PSM, 828 pairs of T-OPLL and T-OLF
(total 1,656 patients) were created. The overall periop-
erative complication rate including both systemic and
local complications was 21.1% in the T-OPLL group and
19.1% in the T-OLF group, with no obvious significant
difference. The systemic complication rate was 12.4% in
the T-OPLL group and 12.7% in the T-OLF group, with
no significant difference (Table 2). Major complications
included cardiovascular events in 2.9% of the T-OPLL
group and 3.5% of the T-OLF group, and respiratory
events in 1.0% of both the T-OPLL and T-OLF groups,
with no significant difference. Gastrointestinal events
tended to be more common in the T-OPLL group (4.7%)
and the T-OLF group (2.8%). (Table 2).

Table 3 demonstrates the local complication rate at
the surgical site and associated reoperation rate after
matching. Total local complications in the T-OPLL group
occurred in 94 of 828 patients (11.4%), which was sig-
nificantly 1.5 times higher than in the OLF group (7.7%)
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Table 1 Patient characteristics between T-OPLL and T-OLF before and after matching

Before Propensity Score-Matching After Propensity Score-Matching

T-OPLL (N=1,256) T-OLF (N=1,404) P value T-OPLL (N=828) T-OLF (N=828) Pvalue
Age (years) 56.1+13.7 66.7+£125 <0.0071*** 61.7+£120 62.0+13.1 0.61
Sex <0.007*** 0.35
Male 571 (45.5%) 995 (70.9%) 470 (56.8%) 51 (54.5%)
Female 685 (54.5%) 409 (29.1%) 358 (43.2%) 377 (45.5%)
BMI (kg/m?) 29569 259+49 <0.001*** 27.1+£56 27153 0.97
Smoking <0.009%* 0.90
Yes 369 (29.4%) 483 (34.4%) 255 (30.8%) 252 (30.4%)
No 709 (56.5%) 758 (54.0%) 475 (57 4%) 483 (58.3%)
Unknown 178 (14.1%) 163 (11.6%) 98 (11.8%) 93 (11.2%)
Admission type 0.26 0.88
Scheduled 1,107 (88.1%) 1,212 (86.3%) 733 (88.5%) 731 (88.3%)
Unscheduled 149 (11.9%) 191 (13.6%) 95 (11.5%) 97 (11.7%)
Unknown 0 (0%) 1(0.1%) 0 (0%) 0 (0%)
Emergency transport 0.64 0.64
Yes 33 (2.6%) 37 (2.6%) 23 (2.8%) 20 (2.4%)
No 1,223 (97.4%) 1,366 (97.3%) 805 (97.2%) 808 (97.6%)
Unknown 0 (0%) 1(0.1%) 0 (0%) 0 (0%)
Hospital type <0.0071*** 0.95
Academic 220 (17.5%) 178 (12.7%) 124 (15.0%) 125 (15.1%)
Non-academic 1,036 (82.5%) 1,226 (87.3%) 704 (85.0%) 703 (84.9%)
Preoperative comorbidities
Diabetes mellitus 14 (33.0%) 351 (25.0%) <0.007%** 238 (28.7%) 234 (28.3%) 083
Cardiovascular disease 79 (6.3%) 154 (11.0%) <0.007*** 64 (7.7%) 61 (7.4%) 0.78
Hypertension 250 (19.9%) 346 (24.6%) 0.003** 178 (21.5%) 184 (22.2%) 0.72
Cerebrovascular disease 14 (1.1%) 28 (2.0%) 0.07 11 (1.3%) 12 (1.5%) 0.83
Respiratory disease 24 (1.9%) ( 6%) 0.21 3(1.6%) 5(1.8%) 0.70
Renal disease 31 (2.5%) 5(3.9%) 0.035% 24 (2.9%) 24 (2.9%) >0.99
Hepatic disease 30 (2.4%) 40 (2.9%) 0.46 21 (2.5%) 21 (2.5%) >0.99
Gastrointestinal disease 35 (2.8%) 42 (3.0%) 0.75 26 (3.1%) 28 (3.4%) 0.78
Malignancy 11 (0.9%) 29 (2.1%) 0.012% 0(1.2%) 7 (0.9%) 047
Rheumatoid arthritis 7 (0.6%) 8(1.3%) 0.05 5 (0.6%) 7 (0.9%) 0.56
Osteoporosis 38 (3.0%) 65 (4.6%) 0.032% 31 (3.7%) 38 (4.6%) 039
Mental disease 46 (3.7%) 47 (3.4%) 0.66 27 (3.3%) 30 (3.6%) 0.69

Data were presented as n (%) or mean+SD. Significant values are given as follows. *P< 0.05, **P< 0.01, ***P< 0.001

T-OPLL: thoracic ossification of the posterior longitudinal ligament, T-OLF: thoracic ossification of the ligamentum flavum, SD: standard deviation, BMI: body mass

index, ADL: activities of daily living

(P=0.012). In the analysis of local complications, the sig-
nificantly higher complications were SSI (6.0% vs. 3.9%,
P=0.041) and cerebrospinal fluid leakage (1.5% vs. 0.5%,
P=0.044). Although the incidence of paralysis tended to
be slightly higher in the T-OPLL group, there was no sig-
nificant difference (1.9% vs. 1.0%, P=0.100) (Table 3).
Table 4 describes the length of hospital stay, medi-
cal costs, mortality, and discharge destination for the
T-OPLL and T-OLF groups after matching. Compared
to the T-OLF group, the T-OPLL group had an average
of 6 days longer hospital stay (42.2 days vs. 36.2 days,
P=0.004) and approximately USD 7,700 higher medi-
cal costs (USD 32,805 vs. USD 25,134, P<0.001). While
fewer patients in T-OPLL were discharged home (51.6%
vs. 65.1%, P<0.001), more patients were transferred to

another hospitals (47.5% vs. 33.5%, P=0.001). Blood
transfusions were more frequently performed in the
T-OPLL group than in the T-OLF group (14.1% vs. 9.4%,
P=0.003). There were no significant differences in mor-
tality (Table 4).

Table 5 compares medical costs between T-OPLL and
T-OLF according to the presence or absence of peri-
operative complications after matching. Medical costs
were higher in the T-OPLL group, whether or not total
perioperative complications occurred. The difference
was approximately USD 6,900 for total complications
(P=0.005), and USD 6,000 for no total complications
(P<0.001). Medical costs increased in the OPLL group
when perioperative complications occurred for both
systemic and local complications, but the difference
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Table 2 Systemic complications after matching

T-OPLL T-OLF P
(N=828) (N=828) value
Total complications 103 105 0.88

(12.4%) (12.7%)
Cardiovascular complications 24(29%) 29(3.5%) 049
Cerebrovascular complications 5 (0.6%) 3(0.4%) 048
Respiratory complications 9(1.1%) 9(1.1%) >0.99
Renal complications 3(0.4%) 4 (0.5%) 0.71
Hepatic complications 2(0.2%) 2 (0.2%) >0.99
Gastrointestinal complications 39(4.7%) 23(2.8%) 0.038*
Deep venous thrombosis 14(1.7%)  21(25%) 023
Pulmonary embolism 4 (0.5%) 1(0.1%) 0.18
Urinary tract infection 13(1.6%)  9(1.1%) 0.39
Sepsis 3(0.4%) 8 (1.0%) 0.13
Delirium 4(0.5%) 3(0.4%) 0.71

Data are presented as n (%). Significant values are given as follows. *P<0.05

T-OPLL: thoracic ossification of the posterior longitudinal ligament, T-OLF:

thoracic ossification of the ligamentum flavum

Table 3 Local complications and reoperations after matching

T-OPLL T-OLF P
(N=828) (N=828) value
Local complications
Total complications 94 (11.4%) 64 (7.7%) 0.012*
Surgical site infection 50 (6.0%) 32 (3.9%) 0.041*
Cerebrospinal fluid leakage 12 (1.5%) 4(0.5%) 0.044*
Hematoma 22 (2.7%) 20 (2.4%) 0.76
Paralysis 16 (1.9%) 8 (1.0%) 0.10
Meningitis 2(0.2%) 3(0.4%) 0.65
Reoperations
Total reoperations 54 (6.5%) 40 (4.8%) 0.14
Debridement 45 (5.4%) 38 (4.6%) 043
Others 11 (1.3%) 2(0.2%) 0.012%

Data are presented as n (%). Significant values are given as follows. *P<0.05

T-OPLL: thoracic ossification of the posterior longitudinal ligament, T-OLF:
thoracic ossification of the ligamentum flavum

Table 4 Length of stay, cost, discharge destination, blood
transfusion, and mortality after matching

T-OPLL (N=828) T-OLF (N=828) Pvalue

Length of stay (days) 42.2+38.1 36.2+46.8 0.004**
Cost (USD) 32,805+14,579  25134+16,699 <0.001***
Discharge destination 0.003**

Home 427 (51.6%) 539 (65.1%)

Another hospital 393 (47.5%) 277 (33.5%)

Others 7 (0.8%) 10 (1.2%)

Unknown 1(0.1%) 2(0.2%)
Blood transfusion 117 (14.1%) 78 (9.4%) 0.003**
Mortality 1(0.1%) 0 (0%) 032

T-OPLL: thoracic ossification of the posterior longitudinal ligament, T-OLF:
thoracic ossification of the ligamentum flavum, SD: standard deviation, ADL:
activities of daily living

Data were presented as n (%) or meanxSD. Significant values are given as
follows. **P<0.01, ***P<0.001
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was not significant. Even in the absence of systemic and
local complications, medical costs were clearly higher
in T-OPLL. The difference was approximately $6,500
(P<0.001) and $6,000 (P<0.001), respectively. (Table 5).

Discussion

We analyzed perioperative complication rates after PDF
for T-OPLL and T-OLF using the DPC database, a large
nationwide inpatient database in Japan. Patient back-
grounds such as age and pre-existing medical conditions
could influence the occurrence of perioperative compli-
cations. We balanced the patient backgrounds of OPLL
and OLF using PSM analysis to build a cohort with simi-
lar distribution. Multivariate regression analysis gener-
ally has a limit to the number of explanatory variables
that can be included depending on the number of occur-
rences of the outcome. Since some outcomes have a small
number of occurrences, including too many explanatory
variables can skew the results of a multivariate analysis.
To investigate perioperative complication rates as accu-
rately as possible, we used PSM analysis to balance the
analysis between the two groups. The results revealed a
higher incidence of perioperative local complications
such as surgical site infection in OPLL than in OLF as
well as higher medical costs.

In this study, the incidence of gastrointestinal complica-
tions was significantly higher in cases of OPLL compared
to cases of OLF. This may be due to the fact that surgery
for OPLL is more invasive than that for OLF, involving
more segmental levels and bleeding. Indeed, in reports
by Imagama [17] and Ando [10], the average number of
ossifications with thoracic posterior fusion surgery was
approximately 2.7 levels for OPLL and 1.9 levels for OLF.
They also reported that the operative time in OPLL and
OLF was 415.7 min and 191.4 min, respectively, and the
blood loss was 910.3 ml and 251.6 ml, respectively. Pos-
terior surgery for OPLL requires fusion over wider range,
making the surgery more invasive. Verhofste et al. indi-
cated that in spinal fusion surgery for patients with cere-
bral palsy, the incidence of gastrointestinal complications
was 3.4 times higher when the estimated blood loss was
=23 ml/kg/level [18]. In another study summarizing gas-
trointestinal complications after spinal surgery, gastroin-
testinal complications were observed in 15.8% of patients
[19]. According to the authors, significant risk factors
for postoperative ileus included anesthesia time and the
surgical levels (OR, 1.202; P=0.047). Therefore, surgery
for OPLL generally involves more bleeding, more surgi-
cal levels, and longer operation time compared to that for
OLF, requiring careful attention to perioperative gastro-
intestinal complications.

We found that the surgery for OPLL also has the higher
local complication rates in this study. This may be due
to differences in surgical invasiveness including range
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Table 5 Cost between T-OPLL and T-OLF with or without complication after matching

T-OPLL (N=828) T-OLF (N=828)
Total complication (+) T-OPLL (N=175) T-OLF (N=158) P value
Cost (USD) 33,306+17,577 26,404+ 25,984 0.005**
Total complication (-) T-OPLL (N=653) T-OLF (N=670) P value
Cost (USD) 25,508 +9,456 19,486 +8,284 <0.007***
Systemic complication (+) T-OPLL (N=103) T-OLF (N=105) P value
Cost (USD) 32,822+£14,651 27,794+30,892 0.14
Systemic complication (-) T-OPLL (N=725) T-OLF (N=723) P value
Cost (USD) 26,350+£11,441 19,792 48,560 <0.001***
Local complication (+) T-OPLL (N=94) T-OLF (N=64) P value
Cost (USD) 34,481+£19,591 28,346+ 33,059 0.15
Local complication (-) T-OPLL (N=734) T-OLF (N=764) P value
Cost (USD) 26,218+10,386 20,175+10,569 <0.007***

Data were presented as mean£SD. Significant values are given as follows. **P < 0.01, ***P < 0.001

T-OPLL: thoracic ossification of the posterior longitudinal ligament, T-OLF: thoracic ossification of the ligamentum flavum, SD: standard deviation

of decompression with fusion and surgical procedure.
Ando et al. reported that posterior surgery for T-OPLL
involved decompression of approximately 5.4 vertebrae
and fusion of approximately 7.8 vertebrae [20]. A mul-
ticenter study also demonstrated that the number of
T-OLF was 1.8 in the fusion surgery group and 2.0 in the
non-fusion surgery group [10]. Another research review-
ing outcomes of posterior surgery for T-OLF found that
the average number of operative segments was 2.8 [21].
As stated above, in OLF, the spinal cord can be decom-
pressed with a relatively simple posterior decompression
with fusion. However, the range of decompression with
fusion, the exact surgical time and details of the proce-
dure were unknown in the current database.

Several previous reports of posterior thoracic spine
surgery indicated that the incidence of surgical site infec-
tion was slightly higher for OPLL compared to OLF (5.2—
10.2% for OPLL [17, 22, 23], 3.6-7.7% for OLE [24, 25]).
In addition, thoracic posterior fusion surgery for OPLL
and OLF have a higher infection rate than that of cervical
and lumbar posterior fusion surgery. (1.5-2.9% for cervi-
cal spine [26, 27], 0.3—-0.43% for lumbar spine [28]) When
performing posterior thoracic spine surgery, surgeons
need to understand that the surgical site infection rate
is higher than in the cervical or lumbar spine. In addi-
tion, blood transfusions were more frequent in the OPLL
group than in the OLF group. This finding could suggest
that posterior fusion surgery for OPLL is associated with
more blood loss compared to that of OLF. Perioperative
bleeding [29] and blood transfusions [30, 31] are consid-
ered potential risks for surgical site infection. Particu-
larly, blood transfusions can cause immunosuppression
which lead to increase the risk of infection not only at
the surgical site but also at other sites infection such as
urinary tract infections [30, 31]. If blood transfusions are
unavoidable due to perioperative bleeding, more caution

should be applied because the risk of perioperative infec-
tion can be increased.

Regarding length of hospital stay and medical costs,
the OPLL group had a significantly longer hospital stay
of about 6 days and higher medical costs of about $7,700
than the OLF group. The longer length of stay and higher
medical costs may reflect a higher rate of perioperative
complications in the OPLL group. Additional analysis
focusing on the occurrence of complications showed
that perioperative complications in both T-OPLL and
T-OLF led to longer hospital stays and higher medical
costs (Table 5). Previous studies have shown that higher
medical costs were associated with higher periopera-
tive complication rates in various spinal fusion surgeries
including thoracic spine [23, 32, 33]. One report exam-
ining perioperative complications and medical costs of
cervical degenerative diseases including cervical OPLL
found that the occurrence of perioperative complications
increased the medical costs of approximately $2,000 to
$3,000 for any disease, particularly significant for OPLL
[34]. Perioperative complications should be contained as
much as possible to shorten hospital stays and control
hospitalization costs. In addition, as mentioned above,
thoracic OPLL provides more opportunities for fusion
surgery and wider segment levels of fusion compared to
OLEF. Extensive fusion procedures such as OPLL may also
increase medical costs.

Regarding postoperative course, T-OPLL patients were
more frequently transferred to another hospital but were
less frequently discharged home than T-OLF patients.
As mentioned above, T-OPLL patients had a higher inci-
dence of perioperative complications and a longer hospi-
tal stay. Prolonged bed rest after more invasive surgery
is prone to serious perioperative complications such as
bedsores, pneumonia, and venous thrombosis [35]. Addi-
tionally, an epidemiological study focusing on the socio-
economic status of patients undergoing posterior spinal
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surgery found an association between length of hospital
stay and discharge destination [36]. The loss of indepen-
dence in activity of daily living and extended hospitaliza-
tion after perioperative complications may reduce the
likelihood of discharge home. To ensure good surgical
outcomes, the incidence of perioperative complications
should be reduced.

The length of hospital stay was somewhat longer in
this data. In both the overall, T-OPLL group, and T-OLF
group, the length of hospital stay was longer for patients
who were transferred to another hospital than that who
were discharged home. The reason for the longer hospi-
tal stay in Japanese hospitals is due to the public health
systemin Japan. The patients with severe neurological
disorders such as T-OPLL and T-OLF are fully rehabili-
tated even in the acute care hospital where the surgery
was performed. Adittionally, in Japan, patients suffered
from spine disease who cannot be discharged home are
often transferred to other hospitals because they have not
acquired the adequate ADL to live at home [37]. A well-
designed rehabilitation program over time is important
for patients to acquire adequate ADL. However, longer
hospital stays require more medical resources, the proper
allocation of limited medical resources may be impor-
tant [38]. To prevent chronic bed shortages, we need to
predict that patients less likely to be discharged home to
ensure smooth transfers.

The study had several limitations. The current nation-
wide inpatient database lacked several material data
that might affect the surgical outcomes, including imag-
ing findings, and detailed surgical information (surgical
time, indication, procedure, range of decompression and
fusion). Although the combination of OPLL and OLF
is often seen in the thoracic spine, this study does not
take that into account due to lack of imaging data. The
diagnosis was narrowed down to either OPLL or OLFE.
In addition, pre- and postoperative neurological find-
ings and patient-reported outcome measures were miss-
ing from this database. In a previous report, neurologic
deterioration immediately after surgery was clearly more
common in patients with T-OPLL than that with T-OLF
(41.7% vs. 4.6%) [39], which may have influenced the inci-
dence of postoperative complications. Unmeasured con-
founders may influence the results with the PSM analysis
[40]. Since the information contained in the current data-
base is only available during admission, long-term prog-
nosis after discharge, and the length of hospital stay after
transfer to another hospital such as convalescent reha-
bilitation hospital was unknown. As this database does
not include laboratory and imaging findings, misdiag-
noses and overdiagnosis may arise. However, previous
studies highlighted that the diagnostic ability of the DPC
database has a sensitivity of about 80% and specificity of
about 90% [41].
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Despite its limitations, this study has some valuable
points. To date, detailed information of perioperative
complications in posterior surgery for thoracic OPLL
and OLF has not been well described. As the incidence
of OPLL is lower in Western countries than in Asia,
information obtained from a national database in Japan
is considered to be important. This is the first compara-
tive study in thoracic OPLL and OLF, which are similar
but different diseases in posterior thoracic spine surgery.
We believe that the findings of this study will be useful in
providing appropriate informed consent to patients with
OPLL and OLF whom surgery is indicated.

Conclusions

We compared the perioperative complications and medi-
cal costs between T-OPLL and T-OLF in PDF using a
large national database, which revealed that the incidence
of local complications was higher in OPLL patients than
in OLF patients. The occurrence of perioperative com-
plications and OPLL cases could lead to longer hospital
stays and higher medical costs.
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