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Artery Stenosis in Thoracic Ossification of the 
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Study Design: Single-center prospective study.
Purpose: To investigate anterior spinal artery (ASA) status using preoperative selective angiography in patients undergoing surgery 
for thoracic ossification of the posterior longitudinal ligament (T-OPLL).
Overview of Literature: Surgery for T-OPLL has a high risk of neurological complications, which might be associated with insuffi-
cient spinal cord blood flow.
Methods: This study prospectively examined nine T-OPLL patients who underwent posterior thoracic decompression with kyphosis 
correction and instrumented fusion at Hamamatsu University School of Medicine between 2017 and 2019. All underwent preoperative 
selective angiography to detect and evaluate the Adamkiewicz artery and ASA. Intraoperative neuromonitoring and Doppler ultraso-
nography were performed to analyze neurological complications and spinal cord blood flow.
Results: All nine patients showed ASA stenosis in the area of T-OPLL. In all patients, the Adamkiewicz artery was located between 
T7 and L2 and the area of ASA stenosis corresponded to the level of T-OPLL and greatest spinal cord compression; intraoperative 
Doppler ultrasonography confirmed the ASA defect at the same spinal level. The number of spinal levels from the Adamkiewicz artery 
to the most compressive OPLL lesion was greater in the two patients who developed postoperative neurological deficit compared to 
those who did not (5.5 vs. 2.3, p=0.014).
Conclusions: This is the first study to report detection of ASA stenosis in patients with T-OPLL. Maintaining spinal cord blood flow is 
important in these patients to avoid neurological deterioration.
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Introduction

Thoracic ossification of the posterior longitudinal liga-
ment (T-OPLL) surgery is complicated and technically de-
manding because of its pathological features [1-4]. Physi-
ological kyphosis and poor vascular supply of the spinal 
cord are unique characteristics of the thoracic spine that 
may be associated with poor surgical outcome [5]. Pos-
terior decompression alone may be insufficient because 
of thoracic kyphosis; however, anterior procedures are 
technically demanding because of dural adhesion to the 
ossified ligament and the small surgical field. Neurological 
complications in either approach are relatively high and 
associated with increased rates of morbidity and mortality 
as well as higher healthcare costs. The reported neurologi-
cal complication rate for T-OPLL surgery was ≤28.9% in 
a 2011 nationwide retrospective multicenter survey [2] 
and ≤32.2% in a 2018 nationwide prospective multicenter 
survey [6]. The most frequent cause of neural injury in T-
OPLL has been reported to be posterior decompression, 
although cervical or lumbar decompression was usually 
helpful and had a good effect on neurological status [7,8]. 
This study aimed to examine vascular and neurological 
status in patients undergoing T-OPLL surgery using pre-
operative selective angiography and intraoperative Dop-
pler ultrasonography and neuromonitoring.

Materials and Methods

This study examined nine T-OPLL patients who under-
went posterior thoracic decompression with kyphosis 
correction and instrumented fusion at Hamamatsu 
University School of Medicine between 2017 and 2019. 
Intraoperative transcranial motor-evoked potentials (Tc-
MEPs), somatosensory-evoked potentials, and spinal 
cord-evoked potentials (D-wave) were utilized in all 
patients. The surgical procedure involved the following 
steps: (1) intubation in the supine position, (2) change to 
prone position, (3) incision and exposure, (4) placement 
of bilateral pedicle screws, (5) temporary rod placement 
on one side, (6) posterior decompression (laminectomies), 
(7) kyphosis correction and fusion, and (8) closure. Tc-
MEPs were checked after each step. In accordance with 
a previously reported prospective multicenter study, a 
70% drop in Tc-MEP amplitude was selected as the alarm 
criterion to interrupt surgery using amplitudes recorded 
prior to the critical stage of the operation as the refer-

ence baseline [9]. Follow-up in all patients was at least 1 
year. Institutional review board of Hamamatsu University 
School of Medicine approval was obtained (approval code 
no., 19-229). All patients provided written informed con-
sent.

Total intravenous anesthesia consisted of administra-
tion of propofol (3–4 μg/mL), fentanyl (2 μg/kg), and 
vecuronium (0.12–0.16 mg/kg) for induction followed by 
maintenance infusion of propofol (100–150 μg/kg/min; 
target-controlled infusion technique), remifentanil (1 μg/
kg/hr), and vecuronium (0–0.04 mg/kg/hr). Systolic blood 
pressure was maintained >90 mm Hg.

Selective three-dimensional digital subtraction angiog-
raphy (DSA) using the Alphenix (Canon, Tokyo, Japan) 
or Allura Xper FD 20/20 systems (Philips, Amsterdam, 
the Netherlands) was performed by radiologists ≤2 weeks 

Fig. 1. Normal angiography with indications of vascular landmarks. Selective 
angiography from left 9th intercostal artery (A). Adamkiewicz artery (AKA) flow 
in ascending and descending anterior spinal artery (ASA) (B, arrows).
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before surgery to detect and evaluate the Adamkiewicz ar-
tery (arteria radicularis magna) and anterior spinal artery 
(ASA). DSA was selected rather than magnetic resonance 
angiography (MRA) because it can evaluate the ASA in 
relation to the ossified ligament and spinal cord move-
ment in relation to arterial pulsations. DSA findings are 
shown in Fig. 1. The radiologists selectively catheterized 
as many intercostal or segmental arteries arising from the 
thoracoabdominal aorta as possible. If a radiculomedul-
lary artery was detected, DSA was performed.

ASA continuity, Adamkiewicz artery location, and ra-
diculomedullary arterial distribution were examined and 
recorded. If there was interruption of the ASA, the type 
(stenosis or occlusion) and spinal level of discontinuities 
were noted. After posterior decompression, intraoperative 
Doppler ultrasonography was performed to evaluate spi-
nal cord status (floating from the OPLL or not) and ASA 
flow. The number of spinal levels from the Adamkiewicz 
artery to the most compressive OPLL lesion was counted 
and compared between patients with and without post-
operative neurological deficit using the Student t-test. A 
p<0.05 was considered significant.

Results

1. Patient characteristics and operative details

A total of nine patients (three males and six females; 
mean age, 53.3 years; range, 35–68 years) were included in 
this study. Mean body mass index was 28.5 kg/m2. Mean 
follow-up was 2.2 years. All patients had symptoms and 
signs of myelopathy in the lower extremities. Mean opera-

tive time and estimated blood loss were 259 minutes and 
622.8 mL, respectively.

2.   Neurological status and motor-evoked potential 
monitoring

Eight of the nine patients exhibited motor weakness be-
fore surgery (manual muscle testing [MMT] grade 3 to 
5−; Frankel grade D). MEP monitoring predicted early 
postoperative motor deficits in two patients (22.2%, true-
positive cases) and no postoperative motor deficits in sev-
en patients (six true negative and one false positive). There 
was no false negative result. One patient with postopera-
tive motor deficits experienced complete motor recovery 
within 6 months (case 5) and was able to walk without as-
sistance. The other patient with deficit experienced post-
operative motor weakness that persisted throughout the 
follow-up period (case 1).

3. Selective angiography

Selective angiography data are summarized in Tables 1 
and 2. No angiography complications occurred. The Ad-
amkiewicz artery was detected between T7 and L2 in all 
nine patients and between T9 and T12 in seven patients  
(77.8%); the artery was on the left in six patients (66.7%). 
In all nine patients, the ASA was visualized on the ante-
rior surface of the spinal cord ascending from the Ad-
amkiewicz artery and became stenotic at the level of the 
T-OPLL, particularly in the area of greatest spinal cord 
compression. The ASA above the stenosis was not visual-
ized by selective angiography from the upper to middle 

Table 1. Summary of clinical data and neurological status

Case Age/sex Main lesion Occupied ratio 
by CT (%) Fusion level Decompression 

level Preop MMT Postop MMT Preop Frankel Postop Frankel

1 47/F T5–6 88 T1–12 T2–8, T10–12 3 1 D C

2 48/F T6–8 51 T2–L1 T5–8, T10–11 5– 5– D D

3 62/M T6–8 53 T5–T11 T6–10 4 4 D D

4 58/F T5–9 61 T3–T11 T5–9 5– 5– D D

5 51/F T3–5 52 T1–T9 T1–7 5– 3 D C

6 35/M T9–10 51 T1–T11 T2–4 5 5 E E

7 68/M T6–7 58 T1–T11 T2–8 5– 5– D D

8 47/F T8–9 66 T4–T12 T7–10 5– 5– D D

9 64/F T7–8 61 T2–L1 T6–9 5– 5– D D

CT, computed tomography; Preop, preoperative; Postop, postoperative; MMT, manual muscle test (lower extremities); F, female; M, male.
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intercostal artery. The number of spinal levels from the 
Adamkiewicz artery to the most compressive OPLL lesion 
was greater in the two patients who developed postopera-
tive neurological deficit compared to those who did not 
(5.5 versus 2.3, p=0.014) (Table 2).

4. Intraoperative ultrasonography

Spinal cord status on ultrasonography after decompression 

was floating in one patient, still in contact in five, and still 
compressed in three. Two of the three patients that still 
showed spinal cord compression experienced postopera-
tive motor deficit (Table 3). Doppler ultrasonography was 

Table 2. Summary of selective angiography and Doppler ultrasonography findings

Case Location 
of AKA

Main 
lesion

The vertebral 
distancea)

ASA 
stenosis

ASA stenotic status 
and level

Doppler ultrasonography 
status and level

Neuromonitoring alarm 
at the end of the surgery Postop ND

1 Rt. T12 T5–6 6 + Disruption above T10 Missing ASA above T10 + +

2 Lt. T12 T6–8 5 + Deficit at T6–8 Missing ASA at T6–8 + -

3 Rt. L2 T6–9 5 + Disruption above T11 Missing ASA above T11 - -

4 Lt. T7 T5–9 0 + Disruption above T6 Missing ASA above T6 - -

5 Lt. T10 T3–5 5 + Disruption above T5 Missing ASA above T5 + +

6 Lt. T11 T9–10 1 + Disruption above T9 Missing ASA above T9 - -

7 Lt. T9 T6–7 2 + Deficit at T6–7 Not measured - -

8 Lt. T11 T8–9 2 + Deficit at T8–9 Missing ASA at T8–9 - -

9 Rt. T9 T7–8 1 + Disruption above T8 Missing ASA above T8 - -

AKA, Adamkiewicz artery; ASA, anterior spinal artery; Postop, postoperative; ND, neurological deficit; Rt, right; Lt, left.
a)The vertebral distance between AKA and the main compressive lesion.

Fig. 2. Ultrasonography findings in thoracic ossification of the posterior longitu-
dinal ligament (OPLL). (A) Sagittal Doppler image showed the compression of 
OPLL to spinal cord and anterior spinal artery (white arrow). (B) Axial Doppler 
image showed the flow of the anterior spinal artery (white arrow). 

A B

Fig. 3. Pre- and postoperative radiography in a thoracic ossification of the 
posterior longitudinal ligament (case 1). Sagittal view of computed tomography 
(A), axial views T2/3 (B), T5/6 (C), T6/7 (D), and T10/11 (E) showed severe 
ossification of posterior ligaments. Posterior decompression from T2 to T12 and 
de-kyphotic fusion from T1 to T12 were performed (F).

T2/T3

T5/T6

T6/T7

T10/T11A

B

C

D

E F

Table 3. Ultrasonography finding and postoperative motor palsy

Type of cord compression No. of patients Postoperative motor 
palsy (%)

Floating 1 0

Still contact 5 0

Still compression 3 2 (66.7)
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2) Case 2
A 48-year-old female presented with mild bilateral leg 
weakness (MMT grade 5−). Computed tomography 
showed severe T-OPLL from T6 to T8. She was treated 
with posterior decompression from T5 to T11 with ky-

able to detect the ASA caudal to the Adamkiewicz artery 
but not in the areas of angiographic occlusion (Fig. 2).

5. Case presentations

1) Case 1
A 47-year-old female presented with severe bilateral leg 
weakness (MMT grade 3) and spasticity; she was unable 
to walk unassisted and used a wheelchair. Computed 
tomography showed T-OPLL from T2 to T10. Magnetic 
resonance imaging (MRI) showed the greatest spinal cord 
compression at T5/6, T2/3, and T10/11. She was treated 
with posterior decompression from T2 to T12 with ky-
phosis correction and fusion from T1 to T12 (Fig. 3). The 
ASA ascended from the right T12 Adamkiewicz artery on 
preoperative DSA and became stenotic at T10/11 (Fig. 4). 
Intraoperatively, MEPs deteriorated at the time of T2/T3 
decompression and she developed postoperative motor 
deficit (MMT grade 1), which was still present 1 year after 
surgery. Eventually, she became able to stand with the use 
of bilateral short-leg orthoses.

Fig. 4. Preoperative selective angiography and cone beam computed tomography (CT). (A) Digital subtraction angiography showed the anterior 
spinal artery (ASA) ascended from the right T12 Adamkiewicz artery; however, the ASA was occluded at the T10/T11. (B) Sagittal cone beam CT 
clearly showed the ASA was ascending T12 to T10. (D–F) Axial cone beam CT showed the opening of ASA from T12 to T11. (C) However, the 
ASA was occluded at T10/T11. White arrows indicated the ASA.
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Fig. 5. Pre- and postoperative images in a thoracic ossification of the posterior 
longitudinal ligament (OPLL) (case 2). (A) Sagittal view showed the most com-
pressed lesion was T6–T8. Axial view showed the T6/7 (B) and T7/8 (C) OPLL. 
(D) This patient was treated with posterior decompression and de-kyphotic 
fusion.
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phosis correction and fusion from T2 to L1 (Fig. 5). The 
ASA ascended from the left T12 Adamkiewicz artery on 
preoperative DSA and became stenotic from T6 to T8 (Fig. 
6). Intraoperatively, MEPs deteriorated at the time of T6/
T7 decompression but partially recovered at the end of 
surgery. She had no postoperative neurological deficit.

Discussion

T-OPLL surgery has a higher complication rate than cer-
vical OPLL surgery. In a previous multicenter study, ap-
proximately 30% of the patients with T-OPLL had a neu-
rological deficit caused by posterior decompression with 
kyphosis correction and fusion [2,6,7]; the most frequent 
timing of intraoperative MEP deterioration occurred 

during decompression [7,8]. The reason decompression 
is related to this deterioration is unclear, but possibilities 
include iatrogenic injury, alignment change, and spinal 
cord ischemia. During posterior decompression, vibration 
or heat from the high-speed burr might cause spinal cord 
injury. In addition, adhesions between the dura and ossi-
fied ligament can result in tearing of the dura during de-
compression. Moreover, posterior decompression might 
accentuate thoracic kyphosis due to removal of posterior 
elements.

Regarding spinal cord ischemia, cord infarction is dif-
ficult to visualize on diagnostic imaging. Although diffu-
sion-weighted MRI can demonstrate cord ischemia, it is 
difficult to clarify the relationship between the ischemic 
area and OPLL lesion. For diagnostic cerebral imaging, 
noninvasive vascular imaging modalities, such as com-
puted tomography angiography and MRA, have replaced 
DSA for routine imaging indications [10]. Although 
approximately 80% of Adamkiewicz arteries are detect-
able on MRA [11,12], selective angiography is the gold 
standard for identifying, localizing, and classifying status 
of spinal arteries. Furthermore, DSA remains the pre-
ferred choice to study detailed angiographic architecture 
because of spinal cord movement and the small diameter 
of spinal arteries. The ASA supplies the anterior horn and 
anterior portions of the lateral column on the left or right 
side at each spinal cord level. If surgical manipulation 
affects ASA blood flow, spinal cord ischemia might oc-
cur because of pre-existing ASA stenosis due to ligament 
ossification. According to a cadaver study, normal ASA 
diameter ranges from 468 to 1,120 µm; the artery courses 
ventromedially along the spinal cord without interruption 
at thoracic spinal levels [13]. ASA continuity is controver-
sial. Biglioli et al. [14] and Svensson [15] independently 
reported that the ASA is continuous from the vertebral 
arteries to the filum terminalis. However, Gharagozloo et 
al. [16] reported that the ASA is discontinuous and the 
blood supply of the spinal cord is segmental via vertebral, 
intercostal, and lumbar arteries. If the ASA is continuous 
on the ventral side of the spinal cord, the thoracic spinal 
cord might be supplied from distant sources, such as the 
vertebral or subclavicular arteries, even if the Adamkie-
wicz or anterior radiculomedullary arteries are blocked 
or occluded. However, the ASA is stenotic in T-OPLL, so 
posterior decompression resulting in anterior radiculom-
edullary artery occlusion via nerve root injury or sacrifice 
might cause spinal cord infarction. Generally, laminec-

Fig. 6. (A, B) Preoperative angiography showed that the anterior spinal artery 
(ASA) had stenotic change at the T6 to T8 levels (arrow). AKA, Adamkiewicz 
artery.
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tomy reduces spinal blood flow by approximately 22% to 
40% [17-19]. This decrease may cause new or worse mo-
tor deficit in a spinal cord with tenuous blood supply.

Impaired ASA blood flow in T-OPLL has three possible 
causes. One is direct ASA compression by ossified liga-
ment. Hashizume et al. [20] reported compression of the 
spinal cord in a study of pathological findings in cervical 
OPLL patients; the cord was flattened by the OPLL and 
necrosis was observed within gray matter of the cord [21]. 
Zhang and Wang [22,23] performed computed tomog-
raphy angiography in patients with cervical spondylotic 
myelopathy (CSM) and found that 20% had mild ASA oc-
clusion. In both CSM and cervical OPLL, ASA occlusion 
might be rare because there is space between the PLL and 
spinal cord due to cervical lordosis. However, in T-OPLL, 
there is no space because of thoracic kyphosis and ossified 
ligament. Another possible cause is anterior radiculomed-
ullary artery occlusion. Some patients have a horizontally 
wide OPLL that compresses the anterior radiculomedul-
lary artery on the lateral edge of the spinal cord. In our 
study, selective angiography of each anterior radiculom-
edullary artery was not performed because of the risk of 
thrombosis, but some of those vessels were not detected 
because they were occluded. We observed collateral blood 
flow from small perivertebral or pial arteries in three of 
our nine patients. Perivertebral anastomoses or blood sup-
ply from upper thoracic radiculomedullary arteries might 
maintain blood flow when the ASA is compromised in T-
OPLL. Gailloud [24] emphasized the importance of the 
upper thoracic anterior radiculomedullary artery, which 
supplies the ASA. Finally, intravascular pathology, such 
as endothelial hyperplasia or lipid accumulation, can also 
impair ASA blood flow; however, this has not been exam-
ined in T-OPLL patients or cadavers. Regardless of reason, 
the ASA in our T-OPLL frequently showed signs of steno-
sis. Therefore, constant spinal cord blood flow should be 
preserved before and after the decompression maneuver.

Prostaglandin E1 (PGE1) might improve spinal cord 
blood flow in T-OPLL decompression surgery while 
maintaining adequate blood pressure. PGE1 is the cyclo-
oxygenase metabolite of dihomo-γ-linolenic acid and its 
actions include vasodilation, hypotension, and anti-plate-
let effects. A previous study showed that PGE1 maintains 
ASA and anterior spinal cord blood flow in cervical pos-
terior decompression surgery [25]. In cardiovascular sur-
gery, particularly aortic dissection procedures, it is used 
intraoperatively to prevent anterior spinal cord syndrome, 

a frequent complication of aortic replacement surgery 
[26,27]. Studies of PGE1 in patients undergoing T-OPLL 
surgery are warranted.

Our study has several limitations. First, we included 
only recent patients with severe T-OPLL who underwent 
surgery; those with mild OPLL or who received conserva-
tive treatment did not undergo angiography because of its 
invasiveness and risk. Second, we did not include patients 
who underwent anterior decompression, which might 
have affected our results. Third, we only analyzed T-OPLL, 
although OPLL was usually observed in the cervical and 
lumbar spine as well. The effect of multiple lesions should 
be evaluated in future angiographic studies. Finally, we 
did not investigate the effects of medications.

Conclusions

In conclusion, ASA occlusion was observed on selective 
spinal angiography in all patients with severe T-OPLL. 
Treatment strategies should consider spinal cord blood 
supply status. Medications that improve spinal cord blood 
flow might be effective to prevent postoperative neuro-
logical deficits in this patient population.
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