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Influence of prevertebral soft tissue swelling on dysphagia
after anterior cervical discectomy and fusion using a
rectangular titanium stand-alone cage

ABSTRACT

Background: Postoperative oropharyngeal complications such as dysphagia after anterior cervical spine surgery are some of the least
discussed surgery-related complications. The purpose of this retrospective study is to investigate the incidence and possible risk factors for
30-day postoperative dysphagia after anterior cervical discectomy and fusion (ACDF).

Materials and Methods: This study included 152 consecutive patients who underwent 1- or 2-level ACDF using a rectangular titanium
stand-alone cage in our institutes. Surgery-related dysphagia early after surgery was analyzed based on hospital charts. Radiological evaluation
of prevertebral soft tissue swelling (PSTS) was performed by comparing plain lateral radiographs of the cervical spine before surgery with those
after surgery. The percentage of PSTS (%PSTS) was defined by retropharyngeal soft tissue diameter divided by vertebral diameter. Positive
%PSTS was determined when %PSTS exceeded its mean + 2 standard deviations.

Results: Twelve patients (7.9%) demonstrated prolonged symptoms of dysphagia within 30-day postoperatively. All patients eventually
demonstrated satisfactory or acceptable recovery late after surgery, except one case of hypoglossal nerve palsy. %PSTS was significantly
highest early after surgery and returned to presurgical levels within 30 days after surgery. Statistical analysis suggested that the positive %PSTS
at C3 or C4 level early after surgery was significantly associated with the occurrence of postoperative dysphagia.

Conclusions: Although the possible reasons for postoperative dysphagia may not only be multifactorial but also be highly surgeon-dependent,
such a complication is still underestimated and needs to be carefully resolved. %PSTS appeared to be easy and reliable index to judge the
possible risk of postoperative dysphagia.
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INTRODUCTION

Currently, titanium stand-alone cages are commonly used in
anterior cervical discectomy and fusion (ACDF).!"”! ACDF using
a rectangular titanium stand-alone cage has been shown to
be technically easy, safe, and effective. Cervical intervertebral
disc replacement using a titanium stand-alone cage can
restore physiologic disc height and provide immediate
load-bearing support to the anterior column, and it may
promote arthrodesis. However, oropharyngeal complications
after ACDF such as dysphagia, hoarseness, or esophageal
perforation may be still underestimated although they
have been discussed in the literature.®2?" Their frequency,

severity, and possible eventual recovery after surgery need
to be carefully considered. The purpose of this study is to
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investigate the incidence, severity, and possible risk factors
for postoperative dysphagia recognized within 30 days after
1- or 2-level ACDF using a rectangular titanium stand-alone
cage.

MATERIALS AND METHODS

Patients

This retrospective study included 152 consecutive patients
who underwent 1- or 2-level ACDF with placement of a
rectangular titanium stand-alone cage in our institutes from
2008 to 2015. All patients presented with radiculopathy
and/or myelopathy due to disc herniation, osteophyte
formation, or ossification of the posterior longitudinal
ligament. Patients with trauma or who were previously
treated by anterior or posterior cervical spine surgery were
excluded from the study. Surgery-related oropharyngeal
complications early after surgery were carefully analyzed
retrospectively based on hospital charts. Records were
reviewed for patient age and sex, primary disease of the
cervical spine, right- or left-sided anterior approach, fusion
level, number of fusions, operative time, estimated blood
loss during surgery, and radiological examinations. Patient
characteristics are summarized in Table 1.

Surgical procedure

The surgical procedure was described in our previous
publications.72? Briefly, patients were placed in the supine
position under general anesthesia. In cases of severe anterior
compression, intubation was performed using a fiberoptic
device. The endotracheal cuff was inflated during general
anesthesia in all cases. The patient’s head was mildly
extended and secured under fluoroscopic guidance. The
anterior cervical spine was approached from the symptomatic
side, with reference to imaging studies. A standard anterior
cervical approach was used. A self-retraction system (Trimline;
Medtronic, Inc., Memphis, TN, USA) was preferentially used in
the majority of cases. All disc tissue, including herniated disc
fragments and osteophytes, was removed meticulously under
a surgical microscope. During the decompression procedure,
damage to the vertebral endplates was scrupulously
avoided. The posterior longitudinal ligament was partially
resected to confirm decompression of the neural structures.
To accomplish interbody fusion, a rectangular titanium
stand-alone cage (DePuy Synthes, Johnson & Johnson, USA)
was used. Cage trials were used to determine the appropriate
size. Cages with a curved shape were preferred. Graft material
packed into the cage was either autologous cancellous
bone, B-tricalcium phosphate granules, or self-organized
hydroxyapatite-collagen composite. The cage was inserted
into the disc space under interbody distraction or cervical
traction. The cage position was aligned to the anterior

vertical line as closely as possible, with careful fluoroscopic
guidance. All patients were permitted to walk the next day,
and they were kept in a soft neck collar for at least 2 weeks
after surgery.

Swallowing evaluation

Swallowing difficulty was evaluated on 2 or 3, 7, and
30 days after surgery and was further diagnosed by an
otolaryngologist if necessary. Oropharyngeal dysphagia was
graded into 4 categories based on the patient’s symptoms
[Table 2].”' Severity was graded as none, mild, moderate,
or severe dysphagia. Patients who had no episodes of
swallowing difficulty were graded as 0. Those who had only a
rare episode of swallowing difficulty were graded as 1. Those
who had an occasional episode of swallowing difficulty only

Table 1: Summary of patient characteristics

Characteristics No.
Number of patients 152
Age at the time of surgery (years) 58.7+13.5
Gender ratio
Male:female 97:55
Approach side
Left 77
Right 75
Number of fused segments
One level 92
Two level 60
Fusion level
C3-C4 31
C4-C5 64
C5-C6 86
C6-C7 31
Cage height (mm)
45 56
55 123
6.5 26
1.5 7
8.5 0
Operation time (min) 212.3+62.3
Blood loss (mL) 40.2+46.6
Disease category
Spondylosis 78
Disc hernia 49
OPLL 25
OPLL - Ossification of the posterior longitudinal ligament
Table 2: Bazaz dysphagia grade
Severity of dysphagia Grade Symptoms
Liquid Solid
None 0 None None
Mild 1 None Rare
Moderate 2 None or rare Occasional
Severe 3 Present Frequent
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with specific solid foods were graded as 2. Those who had
frequent episodes of swallowing difficulty with liquid or the
majority of solid foods were graded as 3.

Radiological evaluation

Radiological evaluation of prevertebral soft tissue swelling
(PSTS) was performed by comparing plain lateral radiographs
of the cervical spine obtained before surgery to those at 2 or
3, 7, 30, and 60-90 days after surgery.'”? The percentage of
PSTS (%PSTS) was calculated for each level of the cervical spine
from C3 to C7 using the following formula as demonstrated in
Figure 1: %PSTS = retropharyngeal soft tissue diameter/vertebral
diameter X 100. Positive %PSTS was determined when %PSTS
exceeded its mean + 2 standard deviations.

Statistical analysis

All data are expressed as means * standard deviation. JMP
version 9.0 software (SAS Institute, Cary, NC, USA) was used
for all statistical analyses in the present study. Univariate
analysis was performed to examine for the presence of an
association between study variables and dysphagia after
surgery. The Chi-square test was used to test the relationship
between them. Multivariate analysis was performed using a
logistic regression model. The relationship between each
factor and dysphagia after surgery is presented in terms of
an odds ratio and a 95% confidence interval. P < 0.05 was
considered significant. The sensitivity and specificity of $PSTS
were determined by receiver operating characteristic (ROC)
curves, and the areas under the curve were calculated.”??!

Statement of ethics
The authors certify that all applicable institutional and
governmental regulations concerning the ethical use of

Figure 1: Radiological evaluation of prevertebral soft tissue swelling. The
percentage of prevertebral soft tissue swelling was calculated for each level
of the cervical spine from C3 to C7. Positive percentage of prevertebral soft
tissue swelling was determined when percentage of prevertebral soft tissue
swelling exceeded its mean + 2 standard deviations

clinical data were adhered to for the present study. This
retrospective outcome analysis of spine surgery was approved
by the Ethics Committee of Osaka City University Graduate
School of Medicine.

RESULTS

In total, 12 of 152 patients (7.9%) demonstrated symptoms
of mild, moderate, or severe dysphagia within 30 days
postoperatively. Swallowing evaluation revealed mild dysphagia
of Grade 1 in 5 patients, moderate dysphagia of Grade 2 in
5 patients, and severe dysphagia of Grade 3 in 2 patients.
Statistical analysis indicated that none of the factors such as
age at surgery, sex, approach side, operation time, or blood
loss except the fusion level and number of fused segments
affected the incidence of dysphagia within 30 postoperative
days (PODs) [Table 3]. Although the possible reasons why
these patients demonstrated symptoms of mild or moderate
dysphagia appeared to be multifactorial and not certainly
determined, one patient demonstrated prolonged symptoms of
approach-sided hypoglossal nerve palsy [Figure 2]. No patients
had esophageal perforation in the present study. All patients
eventually demonstrated satisfactory or acceptable recovery
within 30 PODs except the case of hypoglossal nerve palsy.

%PSTS before surgery and at 2 or 3, 7, 30, and 60-90 days
after surgery was expressed as mean = standard deviation
at each spine level of the cervical spine. %PSTS was highest
at 2 or 3 days after surgery and returned to preoperative
levels within 1 month after surgery [Figure 3]. %PSTS early
after surgery was significantly higher than %PSTS before
surgery. Positive %PSTS with dysphagia was recognized in
three participants at the C3 level, in two participants at the
C4 level, and in one participant at the C5, C6, and C7 levels,
respectively. Univariate analysis suggested that fusion level,
positive %PSTS at C3 (C3-%PSTS) and C4 (C4-%PSTS) at 2 or

Figure 2: Case of hypoglossal nerve palsy after surgery, (a) photograph taken
early after surgery demonstrating the hypoglossal nerve palsy on the right
side. (b) Short-tau inversion recovery of magnetic resonance imaging late
after surgery demonstrating high signal intensity on the right side of the
tongue, suggesting hypoglossal nerve palsy
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3 days after surgery were the significant factors affecting the
incidence of postoperative dysphagia [Table 3]. Multivariate
analysis revealed that the positive C3-%PSTS at 2 or 3 days
after surgery was significantly associated with postoperative
dysphagia within 30 days [Table 4]. Patients with positive
C3-%PSTS at 2 or 3 days after surgery are 8.7 times more
likely to have postoperative dysphagia, and patients with
positive C4-%PSTS at 2 or 3 days after surgery are 4.7 times
more likely to have postoperative dysphagia.

Table 3: Univariate analysis of factors related to occurrence of
dysphagia within 30 postoperative days

Variable Dysphagia P
Positive Negative

Age (years)
=75 3 16 0.173
<75 9 124

Sex
Male 10 87 0.143
Female 2 53

Smoking
Positive 5 45 0.500
Negative 7 95

Approach side
Left 7 70 0.580
Right 5 70

Number of fused segments
1 4 88 0.045
2 8 52

Fusion level
C3-C4 6 25 0.029
C4-C5 9 55
C5-C6 3 83
C6-C7 2 29

Operation time (min)
=180 10 95 0.266
<180 2 45

Blood loss (mL)
=50 4 57 0.617
<50 8 83

C3-%PSTS at POD 2-3
Positive 3 2 0.001
Negative 9 138

C4-%PSTS at POD 2-3
Positive 2 4 0.018
Negative 10 136

C5-%PSTS at POD 2-3
Positive 1 5 0.416
Negative " 135

C6-%PSTS at POD 2-3
Positive 1 5 0.416
Negative 1" 135

C7-%PSTS at POD 2-3
Positive 1 5 0.416
Negative n 135

%PSTS - Percentage of prevertebral soft tissue swelling; POD - Postoperative day
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Figure 3: Graphs showing the sequential change in percentage of prevertebral
soft tissue swelling before surgery and at 2 or 3, 7, 30, and 60-90 days after
surgery, which is expressed as the mean #* standard deviation at each
cervical spine level. Percent prevertebral soft tissue swelling was highest
at 2 or 3 days after surgery and returned to preoperative levels within
30 days after surgery
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Receiver operating characteristic analysis

ROC curves of C3-%PSTS and C4-%PSTS at 2 or 3 days after
surgery are demonstrated in Figure 4. Both of them had a
predictable validity for postoperative dysphagia. The area
under the curve in C3-%PSTS and C4-%PSTS was 0.773 and
0.762, respectively. From the results of ROC curve analysis,
C3-%PSTS at 2 or 3 days after surgery of 71% was considered
to be the good diagnostic cutoff value and had 58% sensitivity
and 89% specificity, while C4-%PSTS at 2 or 3 days after surgery
of 77% had 83% sensitivity and 66% specificity.

lllustrative case 1

An 81-year-old man presented with a gradual onset of
tetraparesis. Neurological examination revealed severe
cervical myelopathy. Severe impairment of sensory function
of the bilateral upper extremities was noted. Imaging studies
suggested the origin of the myelopathy was at C4-5. The

Table 4: Multivariate analysis using a logistic regression
model of factors related to occurrence of dysphagia within 30
postoperative days

Factors OR 95% CI P

2-level fusion 2.8320  0.6890-11.6409  0.1489
Fusion level of C3-C4 or C3-C4-C5 3.1677 0.7863-12.7614 0.1048
Positive C3-%PSTS at POD 2-3 8.7202 1.0588-71.8177  0.0441
Positive C4-%PSTS at POD 2-3 47880  0.5428-42.2391 0.1586

%PSTS - Percentage of prevertebral soft tissue swelling; POD - Postoperative day;
Cl - Confidence interval; OR - Odds ratio

C3-%PSTS |

0.8

sensitivity

0.4

0.2

0 0.2 0.4 06 0.8 1
1-specificity

Figure 4: Receiver operating characteristic curves for C3-percentage
of prevertebral soft tissue swelling C4-percentage of prevertebral soft
tissue swelling at 2 or 3 days after surgery. An increase in percentage of
prevertebral soft tissue swelling is a valid diagnostic indicator to predict
the incidence of postoperative dysphagia. The area under the curve in
C3-percentage of prevertebral soft tissue swelling and C4- percentage
of prevertebral soft tissue swelling was 0.773 and 0.762, respectively.
C3-percentage of prevertebral soft tissue swelling at 2 or 3 days after
surgery of 71% was considered to be the good diagnostic cutoff value and
had 58% sensitivity and 89% specificity, while C4-percentage of prevertebral
soft tissue swelling at 2 or 3 days after surgery of 77% had 83% sensitivity
and 66% specificity

patient underwent 1-level ACDF using a rectangular titanium
stand-alone cage with a left-sided approach. Although
the surgery was well done without any troubles, plain
lateral radiographs of the cervical spine clearly suggested
the significant PSTS at 2 days after surgery that gradually
recovered with 2 weeks [Figure 5a-c]. Dysphagia early after
surgery was evident as Grade 2, but gradually improved to
Grade 0 within 2 weeks after surgery. Although his early
postoperative course was improved, aspiration pneumonia
developed early after surgery [Figure 5d]. Possible reason
for aspiration pneumonia may be decreased gag reflex early
after surgery. A fasting treatment resulted in resolution of
the aspiration pneumonia.

lllustrative case 2

A 72-year-old man presented with gradual onset of moderate
disability of the bilateral upper extremities. Neurological
examination revealed moderate cervical myelopathy.
Moderate impairment of sensory function of the bilateral
upper extremities was noted. Imaging studies suggested
the origin of the myelopathy was at C3-4-5. The patient
underwent 2-level ACDF using a rectangular titanium
stand-alone cage with a left-sided approach. Although the
surgery was well done without any troubles, the patient
complained of moderate dysphagia. Plain lateral radiographs
of the cervical spine clearly suggested the significant
PSTS at 2 days after surgery that gradually recovered with
4 weeks [Figure 6a-c]. Dysphagia early after surgery was
evident as Grade 2, but gradually improved to Grade 0
within 2 weeks after surgery. Laryngoscopy 3 days after

Figure 5: lllustrative sequential images of lateral cervical radiographs before
surgery (a) and at 2 (b), and 2 weeks (c) after surgery. C3-percentage of
prevertebral soft tissue swelling and C4-percentage of prevertebral soft
tissue swelling at 2 days after surgery was 91% and 123%, respectively.
(d) Lung computed tomography scans demonstrating the typical images of
postoperative aspiration pneumonia
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Figure 6: lllustrative sequential images of lateral cervical radiographs before
surgery (a) and at 2 (b), and 4 weeks (c) after surgery. C3-percentage of
prevertebral soft tissue swelling and C4-percentage of prevertebral soft
tissue swelling at 2 days after surgery was 88% and 92%, respectively.
Laryngoscopy at 3 days after surgery revealing slow clearance at the level
of the epiglottis, suggesting dysphagia (d), which was improved by a fasting
treatment (e)

surgery revealed slow clearance at the level of the epiglottis,
suggesting dysphagia. A fasting treatment resulted in
improvement of the dysphagia [Figure 6d and e].

DISCUSSION

The true incidence of oropharyngeal complications after
anterior cervical spine surgery is still unknown and varies
widely in the literature. The incidence of dysphagia within
1 week after anterior cervical spine surgery varies from 1% to
79%.°13171 This wide variation may be attributed to differences
in patient age and sex, surgical technique, extent of surgery,
spine level, operative time, or use of spinal instrumentation.
Bazaz et al. reported that postoperative dysphagia was found
in 50.2%, 32.2%, 17.8%, and 12.5% at 1, 2, 6, and 12 months,
respectively.” However, only 4.8% of those patients were still
experiencing moderate or severe dysphagia at 6 months after
surgery. Surgery at multiple disc levels increased the risk of
postoperative dysphagia at 1 and 2 months. Although its
etiology was poorly understood in majority of their cases,
motor paralysis of the larynx was found in 1.3% of patients at
12 months after surgery. Singh et al. performed a retrospective
database analysis of a total of 159, 590 cases of anterior
cervical fusion (ACF)." The incidence of dysphagia in three
or more heat ACF was double that of 1- or 2-level fusions.
Dysphagia was more common in men who underwent 1- or
2-level surgery. The use of bone morphogenetic proteins was
linked to an increased incidence of postoperative dysphagia
in 1- or 2-level surgery. Wu et al. retrospectively reviewed

the medical charts of 358 patients who underwent anterior
cervical decompression and fusion.?! All patients were
followed for 6 months postoperatively. The incidence of
dysphagia was 10.9% at 1-5 days, 6.4% at 3 months, and 2.7% at
6 months after surgery. Although there were no patients with
severe dysphagia at 3 months after surgery, mild or moderate
dysphagia slightly affected quality of life. They suggested that
multilevel cervical spine and high-level cervical spine surgeries
are strong risk factors for postoperative dysphagia. Olsson
et al. performed a cross-sectional cohort study of 100 patients
who had undergone ACDE!® The rate of postoperative
dysphagia at an average of 2.75 years was 26%. Rare and mild
dysphagia was reported by 2% and 7% of patients, respectively.
Moderate and severe dysphagia was reported by 12% and 5%,
respectively. Smokers were more likely to report dysphagia
symptoms. They suggested that dysphagia symptoms persist
in a significant proportion of patients >1 year after ACDE
Carucci et al. analyzed a radiologic evaluation of modified
barium swallow studies and esophagrams in 74 patients
who demonstrated dysphagia secondary to ACE"” Serious
complications of ACF that resulted in dysphagia included
surgical hardware displacement or bone graft displacement,
esophageal perforation, and retropharyngeal abscess.
Pharyngeal functional abnormalities were detected in
50 patients (67.6%), with penetration, aspiration, or both, seen
in 32 patients (43.2%). The possible reasons for postoperative
dysphagia may be multifactorial and the relation between
dysphagia and PSTS is still under debate. Song et al. found
a relation between marked PSTS and dysphagia at 3 months
after anterior cervical spine surgery.' On the other hand,
Stachniak et al. found no correlation between PSTS and
dysphagia at 2 weeks after the procedure.? Khaki et al.
failed to show a relation between PSTS and the development
of chronic dysphagia in a cohort of 67 patients undergoing
multilevel surgery.? Kang et al. evaluated factors related to
swallowing dysfunction after ACDF using videofluoroscopic
swallowing studies (VFSS).?l They found that patients after
ACDF with their highest surgery level at C3 and C4 showed
more abnormal VFSS findings, significantly increased soft
tissue thickness, and decreased maximal distance of upper
esophageal sphincter opening. Hyoid bone movement did
not change significantly after surgery. In the present study,
positive C3-%PSTS or positive C4-%PSTS at 2 or 3 days after
surgery was the significant factor affecting the incidence of
postoperative dysphagia within 30 days. Possible anatomical
reasons for the occurrence of dysphagia after ACDF may
include decreased gag reflex, decreased pharyngeal clearance,
or decreased maximal distance of upper esophageal sphincter
opening. Anatomical complex between hyoid bone and
pharynx at the spine level of C3 or C4 may affect the incidence
of postoperative dysphagia.
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In the present study, unfortunately, we encountered
1 exceptional patient who demonstrated prolonged
symptoms of hypoglossal nerve palsy. Although there was
not any clear mechanism for the hypoglossal nerve palsy,
its anatomical exception was suggested based on the
operative findings. The incidence of hypoglossal nerve
palsy after ACDF is not well known. The hypoglossal nerve
consistently travels toward the midline at the C2-3 level
and is considered to be safely caudal to C3-4.*" There is
no appreciable side-to-side variation. Its anatomical course
is reliably consistent. Sengupta et al. reported hypoglossal
nerve injury as a complication of anterior C2-5 corpectomy
and fusion.® They reported that the hypoglossal nerve palsy
persisted, although minimal functional disability remained
at 18 months after surgery. The only other case report of a
patient with hypoglossal nerve palsy after anterior cervical
spine surgery also failed to recover. The authors concluded
that hypoglossal nerve palsy after anterior cervical spine
surgery is unlikely to recover spontaneously and suggested
that the nerve should be carefully identified. Although an
anterior cervical approach below the C3-4 level may be safe
for the avoidance of hypoglossal nerve injury, surgeons
should be aware of the regional anatomy as well as possible
anatomical exceptions.

CONCLUSIONS

Twelve of 152 patients (7.9%) demonstrated prolonged
symptoms of mild or moderate dysphagia within 30 PODs.
%PSTS was most severe at 2 or 3 days after surgery and
returned to preoperative levels within 30 days after surgery.
All patients eventually demonstrated satisfactory or
acceptable recovery late after surgery, except one case of
prolonged symptoms of hypoglossal nerve palsy. Statistical
analysis suggested that the positive C3-%PSTS or C4-%PSTS
at 2 or 3 days after surgery was significantly associated with
postoperative dysphagia. Patients with positive C3-%PSTS at
2 or 3 days after surgery are 8.7 times more likely to have
postoperative dysphagia, and patients with positive C4-%PSTS
at 2 or 3 days after surgery are 4.7 times more likely to have
postoperative dysphagia. Although the possible reasons for
postoperative dysphagia may not only be multifactorial but
also be highly surgeon-dependent, such a complication is still
underestimated and needs to be carefully resolved. %PSTS
appeared to be easy and reliable index to judge the degree
of postoperative dysphagia.
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