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Objective: The aim of this study was to evaluate the risk factors for poor outcome in
patients who underwent multi-segmental anterior surgery, and analyze postoperative
complications.

Methods: We retrospectively reviewed 158 patients after anterior surgery due to multilevel
cervical spondylotic myelopathy (m-CSM) between June 2008 and June 2016. Adjusted ORs
and 95% ClIs were determined by multivariate logistic regression analysis. Cutoff values and
the area under the curve for continuous risk factors were calculated through receiver
operating characteristic curve analysis. The chi-squared test was performed for the compar-
ison of complications among the three surgical groups.

Results: By analyzing 105 patients with good outcome and 53 patients with poor outcome,
we established that the risk factors for poor outcome were advanced age (OR =1.12,
P=0.003), longer duration of symptoms (OR =1.07, P=0.028), and bigger kyphotic angle
at final follow-up (OR =1.29, P<0.001). The optimal cutoft values for age, duration of
symptoms, and kyphotic angle at final follow-up were 63.1 years, 15.5 months, and 5.3
angle. Postoperative complications occurred in 21 patients (13.3%). The incidence of
dysphagia and cerebrospinal fluid leakage were higher in multilevel anterior cervical dis-
cectomy and fusion (m-ACDF) group than in other groups (P<0.05).

Conclusion: Advanced age, longer duration of symptoms, and bigger kyphotic angle at final
follow-up were the risk factors for poor postoperative outcome in patients with m-CSM. The
complications after hybrid approach and m-ACDF approach were less than after anterior
cervical corpectomy and fusion approach.

Keywords: multilevel cervical spondylotic myelopathy, kyphotic, heterotopic ossification,
hybrid approach, complication

Introduction

Cervical spondylotic myelopathy (CSM) results from anatomic and structural degen-
erative changes that lead to progressive spinal cord disorders. It is usually accom-
panied by decreased intervertebral disc space, osteophytes, and ligamentum
hypertrophy. Cervical lordosis potentially occurs loss even formation of kyphosis
with advancement of degenerative changes. Cervical kyphosis is associated with
spinal cord compression, kinematics of the cervical spine, and neurologic recovery.'*
Decompression of symptomatic spinal cord compression and fusion has become an
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effective intervention for patients with multilevel cervical
spondylotic myelopathy (m-CSM) to obtain quality of life
recovery.* However, the selection of surgical procedures
applied in patients with m-CSM and cervical kyphotic
alignment is controversial. A 2-level corpectomy has been
considered effective treatment of m-CSM.>® Unfortunately,
many complications such as C5 palsy, too much bleeding,
titanium mesh displacement or subsidence, and others have
been reported.”® With the improvement of surgical skill and
technology, the complications have gradually decreased in
multilevel anterior cervical discectomy and fusion (m-
ACDF) and hybrid technique (discectomy combined with
corpectomy), which provide good options for spinal recon-
struction and decompression of spinal cord.

Some scholars have reported the comparisons of m-
ACDF, hybrid approach, and 2-level corpectomy.’ '’
Nonetheless, few investigations have focused on the rela-
tionship between postoperative outcomes and improve-
ment of preoperative kyphotic alignment. In addition, the
complications after anterior removal of heterotopic ossifi-
cation (including posterior annulus fibrosus ossification,
ossification of the posterior longitudinal ligament
(OPLL), and osteophytes at the posterior vertebral edge)
have rarel been studied. This can provide the surgeon with
direction when treating patients with heterotopic ossifica-
tion and preoperative kyphotic alignment, thereby decreas-

ing the probability of poor postoperative outcome.

Materials and methods

Ethical considerations

This study was approved by the Institutional Ethics Board
of the orthopedics hospital of XingTai and the 3rd Hospital
of Hebei Medical University, and written informed consent
was obtained from all individual participants included. The
methods were carried out in accordance with the doctor-
patient relationship regulations which strictly adhered to
the STROBE statement.

Patient inclusion and exclusion criteria
There were 158 cases with m-CSM along with heterotopic
ossification and cervical kyphotic deformity, identified
from a retrospective analysis of clinical records of patients
who underwent anterior decompression and fusion
to June 2016 at the
Department of Spinal Surgery, the Third Hospital of
Hebei Medical University and the orthopedics hospital of
XingTai, China.

approach from June 2008

The criteria for inclusion were the following: 1) diag-
nosis of m-CSM with mild or moderate cervical kyphosis
(Cobb <40°); 2) heterotopic ossification: the circumscribed-
type OPLL, posterior annulus fibrosus ossification and
osteophytes at the posterior vertebral edge; 3) obvious
clinical symptoms; and 4) patients underwent m-ACDF,
2-level anterior cervical corpectomy and fusion (ACCF) or
hybrid (1-level ACDF+1-level ACCF) approach (Figure 1).

Some exclusion criteria included: 1) prior cervical sur-
gery; 2) presence of spinal tumors or other complex con-
comitant diseases; 3) incomplete imaging data.

Patient follow-up

All the patients were followed-up for an average of 21.4
+7.6 months (range, 12-42 months). Clinical data were
collected including age, gender, body mass index, diabetes
mellitus diagnosis, duration of symptoms, anteroposterior
diameter of spinal canal (AODC), preoperative and last
follow-up Japanese Orthopedic Association (JOA) score
and C2-7 Cobb, preoperative T1 slope angle, last follow-
up cervical range of motion (ROM), cerebrospinal fluid
(CSF) leakage, surgical approach, and grade of increased
signal intensity (ISI). In the present study, 83 males and 75
females were enrolled and their mean age was 60.2 years.
The recovery rate of JOA score was used to evaluate
surgical outcome at preoperative and final follow-up. The
recovery rate = (postoperative JOA score - preoperative
JOA score)/(17 - preoperative JOA score)x100%. A score
>75% was designated as excellent, >50% but <75% as
good, >25% but <50% as fair, and <25% as poor.
Therefore, we defined recovery rates <50% as a poor
postoperative outcome in this study.

Surgical procedures

Patients had various symptoms such as gait disturbance,
sensory abnormality of the trunk or extremities, and urin-
ary dysfunction before surgery. The surgical approach was
determined by physical condition, degree of symptoms,
the location of spinal cord compression, and ISI of the
spinal cord on sagittal T2-weighted magnetic resonance
imaging (MRI). When the location of spinal cord compres-
sion due to continuous ossification zone had more than 3
segments, posterior approach would be considered.

The patients were placed on a surgical bed under general
anesthesia in supine position. We adopted right transverse
skin incision after the determination of surgical segment by
body surface location. It reached the anterior edge of dis-
eased level at medial side of sternocleidomastoid by blunt
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Figure | The multilevel compression of spinal cord with heterotopic ossification on CT (A, B) and ISI of spinal cord on MRI (C, D). The kyphotic alignment with C2-7

Cobb =29 angle (E) and three-levels ACDF were performed at final follow-up (F).

separation of the neck muscles. The assistant medially
pulled the trachea and esophagus to the left side with a
thyroid retractor. We expanded both sides of the interver-
tebral space and removed part of the end plate, which would
remove the lesion for the decompression of spinal cord. The
optimal poly-ether-ether-ketone cage or titanium mesh with
autologous bone was inserted into the disc space, and the
anterior fixation with plate system. It has to be noted that
the rupture of venous plexus will increase intraoperative
bleeding. All patients were restricted to bed only 1 or 2
days and told to use a cervical collar for 3 weeks after

surgery.

Radiological assessment

The cervical curvature was defined as the angle of inter-
section between lines parallel to the inferior end plates of
C2 and C7. Kyphotic: more than +5°; straight: +5° to —5°;
lordotic: less than —5° (positive = kyphotic; negative =
lordotic) (Figure 1A). We measured the narrowest distance
from the posterior vertebral edge to the fundus of spinous
process as AODC. The ROM was defined as the change in
the maximal flexion and extension on lateral radiographs.
The grade of ISI was classified: Grade 0= no ISI on T2-
weighted MRI; Grade 1= ISI on T2-weighted MRI limited
to one disc level; Grade 2= ISI on T2-weighted MRI
beyond one disc level'' (FigurelB-D). The thoracic 1

(T1) slope was defined as the angle between the superior
endplate of T1 and a horizontal line on standing lateral
radiograph (Figure 1E and F). Patients’ imaging data were
evaluated on lateral radiographs and T2 MRI by one
orthopedic surgeon (S.Q.L.).

Statistical analyses

In the data description, continuous variables were made
using means and SDs and categorical variables were
described by frequencies and percentages. Univariate ana-
lyses were performed to identify correlations between
prognostic factors and postoperative effect at last follow-
up. Counting data were compared with the chi-squared
test, while measurement data were analyzed using the
independent #-test or Mann—Whitney U test, as appropri-
ate. In univariate analysis, the factors of P-value <0.05
were brought into the multivariate logistic model.
Multivariate logistic regression analysis was applied to
control for potential confounding variables with the depen-
dent variable of “poor outcome”, with adjusted ORs within
95% ClIs. The receiver operating characteristic (ROC)
curves were constructed to evaluate the cutoff values for
the continuous variables of risk factors. Finally, the com-
parative analyses of the three approaches were performed
using the chi-squared t-test or

test, independent

Mann—Whitney U test, as appropriate. A P-value <0.05
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was considered statistically significant. All data analyses
were performed by SPSS software Version 21.0 (IBM
Corporation, Armonk, NY, USA), and the figures were
plotted with GraphPad Prism 8.

Results

Univariate and multivariate analyses

All patients were apportioned to two groups according to
the recovery rates of JOA score: good group (=50%,
n=105) and poor group (<50%, n=53). Compared with
the good group, the poor group had a significantly higher
mean age at operation (P=0.001), longer duration of symp-
toms (P<0.001), kyphotic alignment at last follow-up
(P=0.001), underwent 2-levels ACCF (P<0.001), and had
higher grade of ISI on T2 MRI (P=0.006). There was no
significant difference between the two groups with regard
to other variables (Table 1). In the multivariate logistic
regression analysis, age (OR =1.12, 95% CI =1.041-1.207,
P=0.003), duration of symptoms (OR =1.07, 95%
CI =1.007-1.128, P=0.028), and C2—7 Cobb at last fol-
low-up (OR =1.29, 95% CI =1.184-1.408, P<0.001) were
identified as the risk factors of poor outcome after surgery
(Table 2).

ROC curve analysis

The ROC analysis was performed to obtain good accuracy
of risk factors, which was illustrated by the area under the
curve and cutoff. It mean that had a close relationship
between risk factors and poor postoperative outcomes
with the larger the area under the curve. Age, duration of
symptoms, and C2—7 Cobb at last follow-up were 0.672,
0.675, and 0.889, respectively. The cutoff was defined as
the maximum of Youden index, which represented the best
compromise between sensitivity and specificity. The cutoff
values of age, duration of symptoms, and C2—7 Cobb at
last follow-up were 63.1 years, 15.5 months, and 5.3
angle, respectively (Table 3 and Figure 2A—C).

Comparative analysis of the three

approaches

The operated levels included C3—C6, C4-C7, and C3-7 in
three groups, and the involved 4-levels operations were
performed in only m-ACDF group (n=4). The fusion rates
were 97%, 92%, and 84% at 3 months after surgery in
m-ACDF group, hybrid group, and ACCF group, respec-
tively, and fusion occurred in all patients at the last follow-
up. Postoperative complications including graft dislodgment

Table | Demographic characteristics of the good and poor
outcome groups

Variable Good Poor P-value
(n=105) (n=53)
Age (years) 58.418.1 63.418.8 0.001
Female gender (n, %) 47(44.8%) 28(52.8%) | 0.338
BMI (kg/m?) 25.3%3.3 24.614.2 0.709
Diabetes mellitus (n, %) 19(18.1%) 11(20.8%) | 0.687
Duration of symptoms 15.4+7.6 21.8%11.9 <0.001
(months)
AODC (mm) 16.7+3.2 17.2+2.4 0.369
JOA score
Preoperative 8.1%1.7 7.842.3 0.222
Last follow-up 14.3£1.1 11.3x1.5 <0.001
Recovery rate (%) 68.9%11.1 34.0+8.5 <0.001
C2-7 Cobb (°)
Preoperative 18.6+6.8 19.7£5.2 0.315
Last follow-up —7.4%5.8 4.4+6.3 <0.001
Last follow-up cervical 19.8+£5.9 18.8+6.3 0418
ROM (°)
Preoperative T1 slope 16.6+3.6 17.4£3.8 0.199
angle (°)
CSF leakage (n, %) 8 (7.6%) 3 (5.7%) 0.648
Surgical approach <0.001
m-ACDF 46 (43.8%) 14 (26.4%)
Hybrid (ACDF+ACCF) 49 (46.7%) 17 (32.1%)
2-level ACCF 10 (9.5%) 22 (41.5%)
Grade of ISl on MRI (n, %) 0.006
Oor | 52 (49.5%) 14 (26.4%)
2 53 (50.5%) 39 (73.6%)

Abbreviations: BMI, body mass index; AODC, anteroposterior diameter of spinal
canal; JOA, Japanese Orthopedic Association; ROM, range of motion; CSF, cere-
brospinal fluid; IS, increased signal intensity; ACDF, anterior cervical discectomy
and fusion; ACCF, anterior cervical corpectomy and fusion.

Table 2 Multiple logistic regression analysis forecasted risk factors
for poor outcome

Variable OR (95% CI) P-value
Age 1.12 (1.041-1.207) 0.003
Duration of symptoms 1.07 (1.007—-1.128) 0.028
C2-7 Cobb (last follow-up) 1.29 (1.184-1.408) <0.001
Surgical approach 1.71 (0.751-3.912) 0.201
Grade of ISI 1.623 (0.556—4.798) 0.372

Abbreviation: ISl, increased signal intensity.

or subsidence, dysphagia, C5 palsy, and CSF leakage
occurred in 21 patients (13.3%), and the data were reviewed
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Table 3 Sensitivity, specificity, AUC, and cutoff of risk factors for predicting poor outcome
Variable SN SP AUC Cutoff P-value
Age 0.547 0.781 0.672 63.1 <0.001
Duration of symptoms 0.792 0.524 0.675 15.5 0.001
C2-7 Cobb (last follow-up) 0.698 0.903 0.889 53 <0.001
Abbreviations: AUC, area under the curve; SN, sensitivity; SP, specificity.
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Figure 2 Age, duration of symptoms, and C2-7 Cobb at final follow-up were drawn
complications of the three types of surgery (D).

from medical history. The ACDF group had the least
amount of bleeding compared with the ACCF group,
which had the the most bleeding. The correction degree of
C2-7 Cobb in the m-ACDF group, hybrid group, and 2-
level ACCF group was 25.2+6.6, 24+6.2, and 14+6.1 angle,
respectively. The m-ACDF group had the most correction
compared with the ACCF group which had the least correc-
tion. Although there was a difference in the three groups for
JOA score at the final follow-up (ACDF: 61.3+16.6, hybrid:
62.2+16.5, and ACCF: 51.8+17.2), clinical outcome was
improved in all three groups. Dysphagia and CSF leakage
had a higher rate of occurrence in the m-ACDF group,
while graft dislodgment, subsidence, and C5 palsy had a
higher rate of occurrence in the 2-level ACCF group (Table
4 and Figure 2D).

Surgical approaches

by ROC (A, B and C, respectively). A histogram demonstrates the postoperative

Discussion

Operation methods

CSM with degeneration of multi-segmented disc can lead
to a mild or moderate kyphosis deformity, which puts the
spinal cord in a tensional state. Surgical treatment includ-
ing anterior, posterior, and combined anteroposterior
approaches for patients with m-CSM are becoming more
common. However, controversy remains regarding the
selection of surgical procedures for treatment of multilevel
CSM.%!213 posterior laminoplasty is a successful surgical
procedure in properly selected patients with m-CSM or
part of type of OPLL."* Whereas, the spinal cord cannot
“drift backward” well after posterior approach in patients

with cervical kyphotic deformity, resulting in poor curative
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Table 4 Summary of characteristics of patients in three groups (ACDF, hybrid, and ACCF)

ACDF group Hybrid group ACCF group
(n=60) (n=66) (n=32)
Blood loss (mL)® 172.3£47.5" # 226.6+57.5 249.7+62.3
Fusion rates after 3 months of surgery® 58 (97%) 61 (92%) 27 (84%)
Follow-up time (months)® 23.748.6 19.5+7.3 22.1+7.8
C2-7 Cobb (°)
Preoperative® 19.6+7.2 18.6+6.0 18.5+4.9
Last follow-up® —5.6£7.0 -5.3£7.2 45£7.2% &
Correction degree® 25.246.6 2416.2 14z6.1% &
Recovery rate of JOA score (%)° 61.3%16.6 62.2+16.5 51.8£17.2% %
Complications (n)®
Graft dislodgment or subsidence 0 5 (7.6%) 6 (18.8%)" &
Dysphagia 9 (15%)" * 4 (6%) 2 (6.3%)
C5 palsy I (1.7%) I (1.5%) 3 (9.4%)* &
CSF leakage 7 (11.7%)"* 3 (4.5%) I (3.1%)

Notes: “Independent t-test; By2 test; “Mann-Whitney U-test. *Significant difference between ACDF group and hybrid group (P<0.05); “significant difference between ACCF
group and ACDF group (P<0.05); %significant difference between ACCF group and hybrid group (P<0.05).

Abbreviations: JOA, Japanese Orthopedic Association; CSF, cerebrospinal fluid.

effect.'” Anterior decompression and fusion have become
popular because it can directly relieve pressure of spinal
cord. The anterior m-ACDF, ACCEF, and hybrid techniques
have been applied in clinics, but potential complications
still exist.® Moreover, the combined procedure has been
applied in patients with severe kyphotic alignment to
achieve a large correction and high fusion rate.'® In the
present study, severe cervical kyphosis caused by conge-
nital, trauma, tumor or other reasons was excluded in order
to clearly elaborate the relationship between postoperative
outcome and the degree of kyphotic correction after single
anterior surgery.

Maintaining lordosis

Cervical lordosis is an important role in the maintenance
of postoperative outcome.'” The loss of cervical lordosis
causes disordered distribution of cervical sagittal stress
which leads to further deterioration of the degeneration.
In addition, Chavanne'® found that cervical kyphosis of
more than 7.5 degrees resulted in the increase of cervical
spinal cord intramedullary pressure. Historically, anterior
surgical approaches could correct kyphosis deformity.
Previous studies all found greater kyphosis correction
after m-ACDF than corpectomy, but it was difference
between corpectomy and discectomy-corpectomy hybrid
procedures about correction of kyphosis.”!'*'*** Our
results showed that, in terms of kyphotic correction,

there was no significant difference between m-ACDF
group and hybrid group, but the ACCF group was not as
good as the other two groups. We considered that the
causes were related to fusion delay, graft subsidence or
dislodgment, and straight form of titanium mesh in the
ACCF group. Compared with the good group, the poor
group had a significant difference in C2—7 Cobb at final
follow-up, which confirms the importance of maintaining
cervical lordosis for postoperative outcome. It is worth
noting that correction of cervical kyphosis is one of the
prominent preconditions of maintaining lordosis.

Postoperative outcomes

In previous studies, some scholars reported that surgical
treatment of m-CSM by m-ACDF or ACCF had no sig-
nificant differences in terms of postoperative outcome, but
more complications would occur after ACCF.'*?! In this
study, postoperative patients with cervical kyphotic defor-
mity obtained a better result and kyphotic change in
m-ACDF group and hybrid group than in the ACCF
group. So we considered that the reconstruction of cervical
sagittal alignment could decompress the spinal cord.
Furthermore, some studies showed that advanced age and
long-term symptoms were related to poor postoperative
outcome in patients with CSM.**** Our predictions also
supported the previously mentioned view. In our study, the
multi-segment ISI of spinal cord on T2 MRI had an
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obvious association with poor outcome after anterior sur-
gery to treat kyphosis deformity. The forecast analysis
showed that we should improve preoperative preparation
and early postoperative rehabilitation treatment when
encountering a patient with advanced age, long-term
symptoms, and multi-segment ISI at the same time.

Complications

The complications after anterior surgery have been
reported in some research.”*!*2' However, few studies
showed a detailed analysis of the technical difficulties of
anterior surgery and interoperative and postoperative com-
plications in patients with cervical heterotopic ossification.
Removal of heterotopic ossification requires enlargement
of the intervertebral space or resection of the vertebral
body, but this increases the risks of intraoperative bleed-
ing, nerve root injury, and postoperative graft subsidence,
especially removed the circumscribed-type OPLL with a
>50% canal occupying ratio.'"** In addition, Lubelski®’
found that C5 palsy was association with AODC and
diameter intervertebral foramen. In our study, compared
with the other two groups, there was a higher incidence of
C5 palsy in the ACCF group. We considered that the
reconstruction of cervical curvature after vertebral resec-
tion was associated with postoperative C5 palsy.
Interoperative CSF leakage had an incidence of 11.7% in
the m-ACDF group, due to the narrow operating space and
heterotopic ossification adhesion to the dura mater. Our
study found that patients commonly experienced tempor-
ary dysphagia after excessive correction of cervical kypho-
tic alignment. Release of the Luschka joints, gentle
manipulation and proper removal of the endplate are stra-
tegies for complication avoidance. Understanding and pre-
these indispensable

venting complications is an

prerequisite to obtaining good surgical outcomes.

Limitations

As with all studies, there were some weaknesses and
limitations in the current study. Firstly, this study was a
retrospective non-randomized case control study, and the
number of eligible patients were not large. Secondly, the
follow-up term of involved patients was over 12 months
after surgery, but a relationship between long-term out-
come and risk factors could not be clearly established.
We only predicted the future condition from the trends
observed. Thirdly, it had an undefined relationship among
adjacent-segment degeneration, cervical kyphotic align-
ment, and poor outcome. Finally, the JOA scores were

calculated based on patients’ subjective feelings, which
inevitably leads to the deviation of outcomes. Although
the selection of surgical style, after thoughtful considera-
tion, depended on the symptoms and the degree of com-
pressed spinal cord, we still could not guarantee which
was optimal for patients with m-CSM and kyphotic
deformity.

Conclusion

Advanced age, longer duration of symptoms, and bigger
C2-7 Cobb angle at final follow-up were the risk factors of
poor postoperative outcome in patients with m-CSM. The
hybrid approach and m-ACDF
approach were less than after ACCF approach.

complications after
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