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ORIGINAL ARTICLE

Association between Prevertebral Soft Tissue Thickening
and Dysphagia in Cases of Traumatic Cervical Spinal Cord

Injury

Takayuki Mitsuishi, MD 2 and Yoshihito Ishihara, SLP "

Objective: The objectives of this study were to clarify whether prevertebral soft tissue (PVST)
thickening increases the risk of dysphagia, to identify at which vertebral level determining PVST
thickness is useful, and to determine cutoff values. Methods: A total of 80 patients with traumatic
cervical spinal cord injury (TCSCI) treated over a 43-month period at a single regional institution
specializing in cervical spinal cord injuries participated in the study. The exclusion criteria were
having undergone anterior cervical spine surgery; a history of complicated traumatic brain injury,
complicated vertebral artery injury, or brain injury; endotracheal intubation at day 30 after onset;
the disappearance of neurological symptoms within 24 hours after onset; and the use of a halo
vest. The associations between PVST thicknesses at C1, C2, C3, C6, and C7 measured by CT on
the day of onset and the presence of dysphagia (Food Intake LEVEL Scale score <8) at 30 and
60 days after onset of TCSCI were analyzed using ROC curves to calculate the maximum area
under the curve and the PVST cutoff values for these vertebrae. Associations between various risk
factors, including PVST thickness, and dysphagia at days 30 and 60 after onset were examined
using univariate and multivariate analyses. Results: Independent associations with dysphagia
were found with the C3 PVST thickness (day 30: >8.3 mm, day 60: >9.4 mm) and tracheostomy.
Conclusion: PVST thickness or injury seems to be an independent risk factor for dysphagia. By

measuring PVST, it is possible to estimate the severity of dysphagia even in acute conditions.
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INTRODUCTION

Dysphagia is a relatively common complication of trau-
matic cervical spinal cord injury (TCSCI)"!'V that can cause
a variety of respiratory complications,' ' negatively impact
vital prognosis, and increase medical costs. Furthermore, the
growing emphasis on achieving early oral feeding training,
which is thought to shorten medical treatment times, means
that the rapid diagnosis of dysphagia is essential.

Discovering risk factors for dysphagia after TCSCI would
help to achieve early diagnosis and the determination of
prognosis. A number of studies has investigated risk factors
such as age, neurological level, full or partial paralysis, tra-
cheostomy, use of a respirator, and cervical spine surgery.!~')
While most reports have found a correlation between

dysphagia and tracheostomy,'3"19 the results for other risk
factors have been mixed.

Moreover, while tracheostomy has long been reported as
having an effect on dysphagia,'>'® several recent studies
have not observed any impact of tracheostomy on dysphagia
or swallowing motion."”>3 Such findings raise doubt as to
whether tracheostomy is indeed a risk factor for dysphagia.
Therefore, there is a possibility that there exist more impor-
tant risk factors than tracheostomy.

TCSCI is sometimes complicated by damage to the prever-
tebral soft tissue (PVST),?#?9) which shows up on images as
PVST thickening.>>) The pharyngeal plexus and pharyngeal
constrictor form part of the PVST,?®) which, if damaged, may
cause dysphagia.'®?”) Indeed, some studies have observed a
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correlation between postoperative PVST swelling and dys-
phagia after anterior cervical spinal surgery (ACSS).2%2%

Very few studies have examined the correlation between
PVST damage and dysphagia. We could find only one rel-
evant report, by Ihalainen et al.,') which examined PVST
thickness at C3 and C6 as potential risk factors for dyspha-
gia, but no correlations were found.'” However, Thalainen et
al. did not measure the PVST thickness immediately after
TCSCI; moreover, their reasons for selecting C3 and C6 were
unclear. Furthermore, their cutoff values for PVST thickness
were based on the upper bounds from a report by Rojas et
al.,” although it is uncertain whether these values are ap-
propriate for determining the risk factors for dysphagia.

The purpose of the present study was to clarify whether
PVST thickening or injury after TCSCI increases the risk of
dysphagia, to identify at which vertebral level determining
PVST thickness is useful, and to determine cutoff values.
Furthermore, we aimed to examine a variety of risk factors
to determine which are independent factors.

METHODS

Subjects

A retrospective search was made for patients with TCSCI
admitted to Yonemori Hospital, Kagoshima, from Septem-
ber 2014 to April 2018 using the hospital’s medical records
database. Yonemori Hospital accepts patients with spinal
cord injuries from all areas of Kagoshima Prefecture 24
hours a day. The exclusion criteria were a history of ACSS,
complicated traumatic brain injury, complicated vertebral
artery injury, cerebrovascular disorder, traumatic brain in-
jury, or neurogenerative disease; endotracheal intubation at
day 30 after onset; not having undergone cervical CT before
endotracheal intubation on the day of onset; the disappear-
ance of neurological symptoms within 24 hours; the use of
a halo vest; and missing information on any of the previous
items.

Data Collection
Oral Intake Ability (Dysphagia)

Food Intake LEVEL Scale (FILS)*? scores on day 30 and
day 60 after onset were examined retrospectively from medi-
cal records. A FILS score <8 was considered to be dyspha-
gia. A FILS score of 8 means “The patient eats three meals
by excluding food that is particularly difficult to swallow.”3?
As a patient’s oral intake becomes more restricted, the FILS
score decreases, progressing to no oral intake at FILS scores
of <3.

PVST Thickness

PVST thickness was measured using sagittal sections on
cervical CT at Cl1, C2, C3, C6, and C7 on the day of onset
before endotracheal intubation. Because the characteristics
of the soft tissue anterior to C4 and C5 make it difficult to set
the upper bounds for PVST thickness,>® measurements at
these vertebrae were not performed.

Risk Factors

Age, gender, ASIA Impairment Scale (AIS) at onset,
neurological level, the duration of dependence on mechani-
cal ventilation, the presence or absence of tracheostomy, the
presence or absence of interbody fusion (excluding patients
who underwent ACSS), and the or absence of laminoplasty
were examined retrospectively from medical records.

Associations between dysphagia at day 30, age, and the
duration of mechanical ventilation were examined using
ROC) curve analysis, and cutoff values were calculated using
the Youden index. These were classified as >/<66 years old
and >/<3 days, respectively. Patients were also classified as
AIS A/B or C/D. The neurological level was classified as C4
and above or C5 and below.

Statistical Analysis

ROC curve analysis was used to examine associations
between PVST thickness and dysphagia to calculate the arca
under the curve (AUC) and cutoff values for PVST at the
Cl1, C2, C3, C6, and C7 levels. The associations between
these cutoff values and dysphagia were examined with the
chi-square test.

Next, using the chi-square test, we investigated the as-
sociations between dysphagia at 30 and 60 days and age,
sex, AIS, neurological level, the duration of dependence on
mechanical ventilation, the presence or absence of tracheos-
tomy, the presence or absence of interbody fusion (excluding
patients who underwent ACSS), and the presence or absence
of laminoplasty.

Logistic regression analysis was performed on PVST
thickness of not less than cut-off value at the vertebral level
with the greatest AUC and risk factors for dysphagia that had
significant associations in the chi-square test. Variable selec-
tion with a stepwise model (Bayesian information criterion
reduction) was also used. The vertebral level at which the
PVST thickness had the greatest AUC was determined using
ROC curve analysis. EZR version 1.40°) was used for the
statistical analyses and calculations.
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Fig. 1. Patient selection flow chart

Ethical Considerations

We conducted this study in accordance with the Declara-
tion of Helsinki and the study was approved by the Ethical
Review Board of Yonemori Hospital (approval number:
18002).

RESULTS

Sample Size

Figure 1 shows the flow diagram for patient selection.
There were 80 and 79 patients at day 30 and 60 after onset,
respectively. Figure 2 shows the patients’ age distribution
and Table 1 shows the affected neurological levels and AIS
categories.

Determining PVST Thickness Cutoff Values for
Each Vertebral Level
Table 2 shows the ROC curve analyses for dysphagia

and PVST thickness at each vertebral level and the results
of chi-square testing of the cutoff values. Associations were
observed for all vertebrae except C7 at day 30 and for all
vertebrae at day 60. C3 had the largest AUC at both 30 and
60 days. Further analyses were carried out using the PVST
thickness at C3 (C3:PVST). Using the Youden index, the
C3:PVST cutoff values were 8.3 mm at day 30 and 9.4 mm
at day 60.

Association with the Tested Risk Factors

Table 3 shows the associations between dysphagia and
various risk factors. No association was found with age, sex,
AIS, or neurological level.

Multivariate Analysis

Table 4 shows the results of logistic regression analyses
using risk factors that showed significant associations in the
chi-square tests. At day 30 after onset, a significant asso-
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15 20 25 30

Number of patients

Fig. 2. Age distribution of study participants

Table 1. ASIA Impairment Scale (AIS) for each vertebral level

Neurological Level Total
Cl1 C2 C3 C4 C5 C6 C7 C8
A 0 0 0 5 @)* 6 0 2 0 13 (12)*
B 0 0 4 6 0 1 0 0 11
AlS C 0 0 1 13 5 1 1 0 21
D 0 0 2 10 9 9 5 0 35
E 0 0 0 0 0 0 0 0 0
Total 0 0 7 34 (33)* 20 11 8 0 80 (79)*

* (): number of patients at day 60

ciation was observed only for C3:PVST >8.3 mm [odds ratio
(OR) 13.60, 95% confidence interval (95% CI) (2.38-78.0)].
Atday 60, an association was observed for C3:PVST >9.4 mm
and tracheostomy. Using a stepwise model for variable selec-
tion, C3:PVST and tracheostomy at both 30 and 60 days were
selected, both of which showed significant associations.

DISCUSSION

Although a variety of risk factors for dysphagia as a com-
plication of TCSCI have been reported,' ') the results of the
present study indicate that only the PVST thickness at C3
and tracheostomy are independent risk factors. According to
Rojas et al.,>> the normal mean C3:PVST is 4.2 mm (range

2-9.5 mm) with a cutoff value of 7 mm.?> The cutoff values
in the present study were 8.3 mm at day 30 after onset and
9.4 mm at day 60 after onset, which are slightly higher than
their upper bound but are within their range. This does not
necessarily mean that risk increases when the cutoff value
reported by Rojas et al.?® is exceeded; rather, it is surmised
that dysphagia risk would increase in cases with more than
a certain level of PVST thickening. Further, the C3:PVST
cutoff value at post-onset day 60 was higher than that at
day 30, which suggests that greater PVST thickening may
prolong dysphagia.

PVST Injury

In this study, we demonstrated an association between

Copyright © 2019 The Japanese Association of Rehabilitation Medicine
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Table 2. ROC curve analysis for PVST thickness and chi-square test using the cutoff values

Day 30
ROC Chi-square test
Dysphagia
AUC  9smcr  CUOT o sitivity Specificity PVST Nes N
value thickness
n=17 n=63
Cl 0.673 0.508-0.837 4.9 0.529 0.889 >4.9 9 7 <0.001*
C2 0.833 0.72-0.947 5.9 0.706 0.921 >59 12 6 <0.001*
C3 0.877 0.787-0.968 8.3 0.765 0.921 >8.3 13 6 <0.001*
C6 0703  0.571-0.834 12.3 0.941 0.476 >12.3 16 33 0.0043*
C7 0.558 0.382-0.734 13.3 0.412 0.81 >13.3 7 12 0.114
Day 60
ROC Chi-square test
. Dysphagia
AUC 95% CI Cutoff Sensitivity Specificity PVST thick- Yes No P value
value ness
n=9 n=70
Cl 0.662 0.452-0.872 4.9 0.556 0.843 >4.9 5 11 0.0183*
C2 0799 0.652-0.945 5.9 0.778 0.843 >5.9 7 11 <0.001*
C3 0.828 0.685-0.971 9.4 0.778 0.914 >9.4 7 6 <0.001*
C6 0795 0.669-0.921 15.1 0.667 0.786 >15.1 6 15 0.0127*
C7 0.764 0.6—0.929 13.3 0.667 0.829 >13.3 6 12 0.00359*

C3 had the largest AUC at both 30 and 60 days. Further analyses used PVST thickness at C3.
The cutoff values were determined using the Youden index.

Table 3. Risk factors for dysphagia in traumatic cervical spinal cord injury

Day 30 n=80 Day 60 n=79
Dysphagia Chi-square test Dysphagia Chi-square test
Yes No Yes No
P val P val

n=17  n=63 vame n=9 =70 e
Age >66 years 11 26 0.148 7 29 0.0881
Gender male 14 48 0.832 8 53 0.642
AIS A and B 12 12 <0.001* 5 18 0.143
Neurological level C4 and above 12 29 0.127 6 34 0.504
Mechanical ventilator use >3 days 9 3 <0.001* 5 6 <0.001*
Tracheostomy operation 8 2 <0.001* 5 4 <0.001*
Interbody fusion % "
(without ACSS) 14 12 <0.001 8 18 <0.001
Laminoplasty
(without interbody fusion) 0 12 0.117 0 12 0.392
PVST thickness at C3 >8.3mm 13 6 <0.001* - - -
PVST thickness at C3 >9.4mm — — — 7 6 <0.001*

increased C3:PVST and dysphagia. The oropharynx and A few studies have reported a correlation between post-
hypopharynx are at the C3 vertebra level and contain the ACSS dysphagia and PVST edema,’>?%?") which may
pharyngeal plexus and the pharyngeal constrictor muscles. be due to damage to the pharyngeal plexus or pharyngeal
Consequently, increased C3:PVST may suggest damage to constrictor.>® However, PVST in TCSCI associated with
the pharyngeal plexus and pharyngeal constrictor muscles. ~ hyperextension can cause pharyngeal dysphagia similar to

Copyright © 2019 The Japanese Association of Rehabilitation Medicine
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that seen after ACSS. Pharyngeal phase problems have been
reported in dysphagia caused by TCSCI, including delayed
swallowing reflex and reduced pharyngeal contractions.®)
These findings support the idea of damage to the pharyngeal

plexus or pharyngeal constrictor.

Tracheostomy
Multiple studies have found a correlation between trache-

1,3-10).
b

ostomy and TCSCl-associated dysphagia however,

opinions are divided over whether tracheostomy itself is a
cause of dysphagia.'>2%

Tracheostomy increases aspiration, regardless of the un-
derlying disease,'>"'® and this is thought to be caused by a
variety of factors.!*1°-1® However, the presence or absence
of a tracheostomy tube has not been found to affect the move-
ments of the hyoid bone and larynx.?? Moreover, laryngeal
elevation, pharyngeal constriction, and the opening of the
upper esophageal sphincter have not been found to change
after tracheostomy tube removal,>® neither has increased
aspiration been found after tracheostomy.'®?) Therefore,
it cannot be concluded that performing a tracheostomy will
have a negative impact on swallowing function in all cases.

Further, airway secretion-processing dysfunction caused
by respiratory muscle paralysis in TCSCI increases airway
secretions.') An increase in airway secretions is difficult to
distinguish from the accumulation of pharyngeal secretions
caused by pharyngeal dysphagia, which could delay the deci-
sion to begin oral feeding.

In the present study, an independent association with the
presence of a tracheostomy could not be confirmed until after
day 30 after onset in a multivariate analysis unless a stepwise
model was used, which indicates that the association is not as
strong as that for PVST damage.

Other Risk Factors

In the present study, complete/incomplete tetraplegia,
neurological level, and the duration of dependence on me-
chanical ventilation were not found to be independent risk
factors. Previous results on these factors have not been con-
sistent.!!) Complete/incomplete quadriplegia, neurological
level, and the dependence on mechanical ventilation may be
associated with reduced airway clearance caused by ven-
tilatory dysfunction, which could be compounding factors
attributed to tracheostomy.

Correlations of dysphagia with age have been observed
in some studies"®”!9 but not in others.>>> In the present
study, non-TCSCI causes of dysphagia were excluded, which
may have eliminated cases of age-related dysphagia from the

cohort.

Studies of cervical spinal surgery and dysphagia have
shown correlations with ACSS."¥ We believe the present
study’s exclusion of patients with a variety of complicating
conditions, such as a history of ACSS that could be associ-
ated with dysphagia, and the application of multivariate
analysis eliminated the predicted confounding factors.

Limitations

This was a single-center study. The distributions of the age
at onset, AIS, and injury level were similar to those in an epi-
demiological study of spinal cord injuries at Rosai Hospitals
and related facilities throughout Japan.*? However, according
to an epidemiological survey of spinal cord injuries in Japan,
the annual incidence of cervical spinal cord injury was 30.15
per million nationwide (1990-1992),33 25.41 per million in
Fukuoka Prefecture (2005-2007),>» and 105.39-109.26 per
million in Tokushima Prefecture (2011-2012).>% Based on
these reports, the estimated number of cervical cord injuries
during the study period in Kagoshima Prefecture, with a
population of about 1.6 million (based on the 2015 Popula-
tion Census of Japan) is 149—-401. Therefore, the size of the
current study cohort was small.

FILS scores were obtained from a retrospective examina-
tion of medical records and were used in this study to assess
improvement in dysphagia. FILS evaluates oral feeding
ability; consequently, it may not accurately reflect swallow-
ing function. A videofluoroscopic swallowing study and/or
fiberoptic endoscopic evaluation of swallowing should be
used to obtain a more accurate assessment of swallowing
function. Furthermore, pulmonary function, oral function,
and willingness to eat should be evaluated.

CONCLUSION

PVST thickening and tracheostomy exhibited independent
associations with dysphagia as a complication of TCSCI.
C3:PVST >8.3 mm was associated with dysphagia at day
30 (OR 23.4) and C3:PVST >9.4 mm was associated with
dysphagia at day 60 after onset (OR 25.2).

Two factors may coexist in dysphagia as a complication
of TCSCI—pharyngeal dysphagia accompanying damage
to the prevertebral soft tissue and problems with airway
clearance resulting from respiratory muscle paralysis. The
distinction between these two causes is important in the de-
cision to start oral intake. Furthermore, by measuring PVST,
it is possible to estimate dysphagia even in acute conditions.
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