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Background: Dysphagia is a common complication after cervical spine trauma with spinal
cord injury. We sought to characterize the prevalence of dysphagia within a total cervical
spinal injury (CSI) population, considering the implications of spinal cord injury status and
age on dysphagia development. We hypothesized that while greater rates of dysphagia
would be found in geriatric and spinal cord—injured subgroups, all patients presenting with
CSI would be at heightened risk for swallowing dysfunction.
Methods: All trauma admissions to a level II trauma center from January 2010 to April 2014
with CSI were retrospectively reviewed. CSI was classified as any ligamentous or cervical
spinous fracture with or without cord injury. Patients failing a formal swallow evaluation
were considered dysphagic. The implications of dysphagia development on age and spinal
cord injury status were assessed in univariate and multivariate analyses.
Results: A total of 481 patients met study inclusion criteria, of which 123 (26%) developed
dysphagia. Within the dysphagic subpopulation, 90 patients (73%) were geriatric, and 23 (19%)
sustained spinal cord injury. The dysphagic subpopulation was predominantly free from
spinal cord injury (81%). Multivariate analyses found age (adjusted odds ratio: 1.06; 95% con-
fidence interval 1.04—1.07; P < 0.001) and spinal cord injury (adjusted odds ratio: 2.69; 95%
confidence interval 1.30—5.56; P = 0.008) to be significant predictors of dysphagia development.
Conclusions: Despite spinal cord—injured patients being at increased risk for dysphagia,
most of the dysphagic subpopulation was free from spinal cord injury. Geriatric and CSI
patients with or without cord injury should be at heightened suspicion for dysphagia
development.

© 2016 Elsevier Inc. All rights reserved.

1. Background

The association between traumatic cervical spinal cord injury
and the development of dysphagia, or swallowing difficulty,
has been well established in the literature [1-9]. Previous

studies investigating the prevalence of swallowing dysfunc-
tion within this population have reported rates of dysphagia
ranging from 17% to 41% [1—4]. Despite a plethora of in-
vestigations detailing the impact of spinal cord damage on
dysphagia development, no analyses, in review of available
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literature, have broadened their study population to include
nonspinal cord—affected cervical spinal injuries (CSIs).
Considering the location and traumatic mechanism of these
injuries, it is feasible to suggest patients afflicted by nonspinal
cord—involved CSIs could also be at increased risk for swal-
lowing dysfunction. Due to the fact that dysphagia can lead to
secondary complications including aspiration [10—12] and
hospital-acquired pneumonia [13,14], identifying predictors
and patients at risk for developing this swallowing abnor-
mality is critical.

Although spinal cord damage is one of the most supported
risk factors for dysphagia development [1-9], other predictors
including ventilator use [1,15], tracheostomy [1,3,15—17], and
halo vest fixation [18—20] are gaining added traction in the
literature, particularly among the traumatically injured
[1,3,15,20]. In addition, age, although already a well-
established predictor for nontraumatic dysphagia develop-
ment [21—-26], is also emerging as a potential risk factor within
this population. [1,3].

The purpose of this study was to investigate the prevalence
of clinically diagnosed dysphagia within a total CSI population
(both spinal cord—injured and nonspinal cord—injured sub-
groups), while examining the impact of age, spinal injury
status, and other predictors on dysphagia development. We
hypothesized that while greater rates of dysphagia would be
observed in geriatric and spinal cord—injured subgroups, all
patients presenting with CSI would be at heightened risk for
swallowing dysfunction.

2. Methods

After study review and approval by the organization'’s insti-
tutional review board, the trauma registry of the Pennsylvania
Trauma Systems Foundation (Digital Innovations, Forest Hill,
MD) was retrospectively queried for all trauma admissions
presenting with CSI to an accredited level II community
trauma center from January 2010 to April 2014. CSI was
defined as any ligamentous injury or cervical spinous fracture
with or without damage to the spinal cord. Demographic
variables of interest included age, gender, Injury Severity
Score (ISS), Glasgow Coma Scale (GCS) score, traumatic brain
injury (TBI), facial fracture, past medical history of stroke,
vertebral injury location (cervical vertebrae number [C1-C7]),
number of vertebrae injured, and spinal cord injury. TBI was
defined as an insult/injury to the brain resulting in a positive
head computed tomography scan, and/or a diffuse axonal
injury (including concussion with or without a loss of con-
sciousness). Outcome variables collected included hospital
length of stay (LOS), ventilator use, tracheostomy, halo vest
fixation, and dysphagia. To determine whether patients in the
study population developed dysphagia, interrogation of indi-
vidual medical records in the Epic electronic medical record
system (Epic Systems Corporation, Verona, WI) was conduct-
ed. Patients with suspicion of swallowing dysfunction after
bedside nursing assessment who subsequently failed a formal
swallow evaluation by speech pathology were considered
clinically dysphagic. It should be noted that per our practice
protocol, swallowing dysfunction is not tested in patients with
a tracheostomy until after it has been removed. Patients

discharged, transferred, or dying before receiving in-hospital
oral intake were excluded from analysis as to limit our study
population to CSI patients definitively able to be classified as
dysphagic or non-dysphagic.

2.1. Data analysis

Data analysis was conducted using Stata 14 statistical analysis
software (StataCorp 2015). Continuous variables were repre-
sented as means and standard deviations and categorical
variables as counts and percentages. To analyze the implica-
tions of collected variables on dysphagia development, Pear-
son 2 analysis was performed. To evaluate the impact of age
on dysphagia development, the total study population was
divided into geriatric (>65 y old) and general (<65 y old) sub-
groups. Similarly, comparisons between spinal cord—injured
and nonspinal cord—injured subgroups were also conducted.

Univariate logistic regression models were subsequently
used to calculate unadjusted odds ratios (ORs) of dysphagia
development for age, gender, ISS, GCS, TBI, facial fracture,
past medical history of stroke, spinal cord injury, hospital LOS,
ventilator use, tracheostomy, and halo vest fixation. A multi-
variate binary logistic regression model of dysphagia was then
used to calculate adjusted ORs (AOR) for variables found to be
significant predictors of dysphagia in univariate analysis. To
determine the discrimination of the multivariate model, the
area under the receiver operating characteristic was calcu-
lated and graphed. A P value <0.05 was considered statistically
significant.

3. Results

Over the 4-y study period, 546 trauma patients presented with
CSI. Of this, 65 patients were excluded from analysis for being
discharged, transferred, or dying before receiving oral intake,
producing a final eligible population of 481 CSI patients. The
study population was predominantly composed of white
(97%), male (56%) trauma patients aged less than 65 y (53%). An
overview of demographic variables for the study population is
summarized in Table 1. The primary mechanisms of injury
were falls (54%), followed by motor vehicle collisions (36%). A
total of 272 patients (57%) suffered vertebral fracture/liga-
mentous injury to only one cervical vertebrae, whereas 209
(43%) sustained injury to multiple cervical vertebrae. The most
common injury occurred at the level of C2 (34%), followed by
C6 (29%). Within the total CSI study population, 56 patients
(12%) presented with spinal cord injury in addition to their
fracture/ligamentous injury.

Of the 481 CSI cases under investigation, 123 (26%) pa-
tients developed dysphagia. Within this dysphagic subpopu-
lation, 90 patients (73%) were aged >65 y, and 23 (19%)
sustained a spinal cord injury. Pearson ? analysis found a
significantly higher rate of dysphagia in the geriatric popu-
lation compared with the general population (90/227 [40%)]
versus 33/254 [13%]; P < 0.001) and in spinal cord—injured
patients compared with nonspinal cord—injured patients (23/
56 [41%] versus 100/425 [24%]; P = 0.018; Table 1). Furthermore,
univariate regression analyses found age (OR: 1.03; 95% CI
1.02—1.04; P < 0.001) and spinal cord injury (OR: 2.41; 95% CI
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Table 1 — Demographics: total study population, dysphagic and non-dysphagic subpopulations.

Total CSI study population (n = 481) Dysphagic (n = 123) Non-dysphagic (n = 358) P
n (%) n (%) n (%)
Age

Mean: 59.8 + 22.1

General (<65) 254 (52.8) 33 (26.8) 221 (61.7) =
Geriatric (>65) 227 (47.2) 90 (73.2) 137 (38.3) <0.001

Gender

Female 211 (43.9) 55 (4.7 156 (43.6) —

Male 270 (56.1) 68 (55.3) 202 (56.4) 0.807
ISS

Mean: 12.5 £+ 8.89

<12 281 (58.4) 53 (43.1) 228 (63.7) <0.001

12-25 163 (33.9) 54 (43.9) 109 (30.5) 0.006

>25 37 (7.69) 16 (13.0) 21 (5.87) 0.019
GCS

Mean: 14.5 + 1.59

<8 10 (2.08) 7 (5.69) 3(0.84) 0.003

9-13 25 (5.20) 9 (7.32) 16 (4.47) 0.202

14-15 446 (92.7) 107 (87.0) 339 (94.7) 0.006
TBI

Yes 92 (19.1) 36 (29.3) 56 (15.6) 0.002

No 389 (80.9) 87 (70.7) 302 (84.4) —
Facial fracture

Yes 36 (7.48) 21 (17.1) 15 (4.19) <0.001

No 445 (92.5) 102 (82.9) 343 (95.8) —
Spinal cord injury

Yes 56 (11.6) 23 (18.7) 33 (9.22) 0.003

No 425 (88.4) 100 (81.3) 325 (90.8) —
Hospital LOS

Mean: 4.97 + 6.47

<2 200 (41.6) 15 (12.2) 185 (51.7) <0.001

3-5 151 (31.4) 42 (34.2) 109 (30.5) 0.402

>5 130 (27.0) 66 (53.7) 64 (17.9) <0.001
Ventilator

Yes 46 (9.56) 27 (12.3) 19 (5.31) <0.001

No 435 (90.4) 9 (87.7) 339 (94.7) —
Tracheostomy

Yes 14 (2.91) 9 (7.32) 5 (1.40) 0.002

No 467 (97.1) 114 (92.7) 353 (98.6) —
Halo vest

Yes 31 (6.45) 17 (13.8) 14 (3.91) <0.001

No 450 (93.6) 106 (86.2) 344 (96.1) —
History of stroke

Yes 4(0.83) 1(0.81) 3 (0.84) 0.975

No 477 (99.2) 122 (99.2) 355 (99.2) —
Dysphagia

Yes 123 (25.6) 123 (100.0) 0 (0.00) —

No 358 (74.4) 0 (0.00) 358 (100.0) —

1.36—4.27; P = 0.003) to be significant predictors of dysphagia.
In addition, ISS (OR: 1.05; 95% CI 1.03—1.08; P < 0.001), GCS
(OR: 0.79; 95% CI 0.70—0.90; P = 0.001), TBI (OR: 2.17; 95% CI
1.34—3.51; P = 0.002), facial fracture (OR: 4.59; 95% CI
2.28—9.23; P < 0.001), hospital LOS (OR: 1.11; 95% CI 1.07—-1.16;
P < 0.001), ventilator use (OR: 4.94; 95% CI 2.63—9.26;
P < 0.001), tracheostomy (OR: 5.45; 95% CI 1.79-16.6;
P = 0.003), and halo vest fixation (OR: 3.85; 95% CI 1.84—8.06;
P = 0.001) were found to be significantly correlated with
increased ORs of dysphagia in univariate analysis (Table 2).
No association was found between gender (OR: 0.95; 95% CI
0.63—1.43; P = 0.807), or past medical history of stroke (OR:

0.95; 95% CI 0.10—9.36; P = 0.975) and dysphagia development
although it should be noted only four patients within the
study population previously presented with a stroke.

To further investigate the impact of these covariates on
dysphagia development, a multivariate logistic regression
model accounting for the interaction of variables significantly
associated with dysphagia in univariate analysis (age, ISS,
GCS, TBI, facial fracture, spinal cord injury, hospital LOS,
ventilator use, tracheostomy, and halo vest placement) was
performed. Age, GCS, TBI, facial fracture, spinal cord injury,
hospital LOS, ventilator use, and halo vest fixation remained
significant predictors of dysphagia, whereas ISS and
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Table 2 — Unadjusted and adjusted odds ratios of
dysphagia development.

Variable Unadjusted Adjusted odds P value
odds ratio  ratio (95% CI)
(95% CI)

Gender (male) 0.95 (0.63—1.43) = =

Stroke history  0.95 (0.10—9.36) — —

Agel 1.03 (1.02-1.04) 1.06 (1.04—1.07) <0.001
1SS 1.05 (1.03—1.08) 1.01 (0.98—1.04) 0.656
Ges' 0.79 (0.70—0.90) 0.81 (0.69—0.96) 0.012
TBI' 2.17 (1.34—3.51)  2.26 (1.22—4.21) 0.010
Facial fracture’ 4.59 (2.28-9.23) 2.67 (1.13—6.29) 0.025
Spinal cord 2.41 (1.36—4.27) 2.69 (1.30—5.56) 0.008

injury'
Hospital LOS'  1.11 (1.07—1.16) 1.04 (1.01—1.08) 0.024
Ventilator' 4.94 (2.63—9.26) 3.58 (1.41-9.11) 0.007
Tracheostomy’ 5.45 (1.79—16.6) 0.77 (0.17—3.42) 0.727
Halo' 3.85 (1.84-8.06) 6.87 (2.67—17.6) <0.001
AUROC = 0.83

AUROC = area under the receiver operating characteristic.
"Excluded from multivariate model—nonsignificant in univariate
analysis.

fSignificant in univariate and multivariate analysis.

iSignificant in univariate analysis.

tracheostomy were found insignificant (Table 2). CSI patients
who underwent halo vest placement were found to have a 6.87
times greater OR of dysphagia development compared with
non-halo vest counterparts (AOR: 6.87; 95% CI 2.67—17.6;
P < 0.001). Similarly, CSI patients with spinal cord injuries
were 169% more likely to develop dysphagia compared with
CSI patients without spinal cord injuries (AOR: 2.69; 95% CI
1.30-5.56; P = 0.008). With respect to age and hospital LOS,
every 1-y increase in age was associated with a 6% increase in
dysphagia development (AOR: 1.06; 95% CI 1.04-1.07;
P < 0.001), whereas every 1-d increase in hospital stay was
associated with a 4% increase (AOR: 1.04; 95% CI 1.01-1.08;
P = 0.024). Overall, this model was found to have good
discrimination with an area under the receiver operating
characteristic of 0.83.

4, Discussion

Although it has been previously supported that patients pre-
senting with cervical spinal cord injuries are at increased risk
for dysphagia development [1-9], no investigations, to the
authors’ knowledge, have examined the implications of non-
spinal cord—affected traumatic CSI (including vertebral frac-
ture and ligamentous injury) on incidence of this
complication. This study sought to add to the literature on this
underrepresented facet by evaluating clinically diagnosed
dysphagia trends within a total CSI population, considering
the impact of demographic factors including spinal cord
injury status and age on dysphagia development. Although
our adjusted analysis supports the existing literature that
posits injury to the cervical spinal cord increases a patient’s
risk for dysphagia development [1-9], only 19% of our dys-
phagic subpopulation had cord injuries. The vast majority of

this subgroup (81%) developed dysphagia without any evi-
dence of cervical spinal cord injury. This finding supports our
hypothesis that although a greater rate of swallowing
dysfunction would be observed in the spinal cord—injured CSI
subgroup (23/56; 41%), dysphagia would still be a major
complication for CSI patients presenting without damage to
the spinal cord (100/425; 24%). This large percentage of non-
spinal cord—injured dysphagic patients is a significant finding
considering the literature that suggests rates of dysphagia
ranging from 17% to 41% within the spinal cord—injured spe-
cific population [1—4]. When considering the impact of age on
dysphagia development, we found significantly higher rates of
clinically diagnosed swallowing dysfunction within the geri-
atric (90/227; 40%) compared with the general (33/254; 13%)
population—with the geriatric population comprising 73% (90/
123) of our dysphagic subgroup. This finding also supports our
hypothesis, and a growing body of literature [1,3], suggesting
geriatric traumatic CSI patients are at heightened risk for
dysphagia development compared with the general popula-
tion (Fig.).

Although the literature is replete with investigations
analyzing the prevalence of dysphagia within cervical spinal
cord—injured and age-defined subgroups, differences in
identified rates and trends among traumatically injured pop-
ulations are common [1—4]. In a 1999 study conducted by
Kirshblum et al. [1] examining rates of swallowing deficits
within a 187 sample cervical spinal cord—injured population,
17% of patients were found to exhibit dysphagia. In 2003, Wolf
and Meiners [4] analyzed a smaller cohort of cervical spinal
cord—injured patients (n = 51) and found a much higher
incidence of dysphagia development at 41%. Similarly, in 2004,

Fig. — Geriatric traumatic CSI study population patient with
C1 and C2 fractures (arrow pointers) who developed
dysphagia without evidence of spinal cord injury.
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Abel et al. [2] examined a sample of 75 patients with cervical
spinal cord injuries and found a 35% prevalence of dysphagia
development. More recently, Shin et al. [3] in 2011, found a 29%
dysphagia rate within a sample of 121 spinal cord—injured
patients. Considering only the spinal cord—injured subgroup
analyzed in our investigation (n = 56), our dysphagia rate of
41% is on the upper end of the literature detailed previously
[2,4]. Even when broadening the analysis to our entire study
population (including nonspinal cord—injured CSI patients),
the overall dysphagia rate of 26% still falls within the range of
the existing literature analyzing only spinal cord—injured
populations [1—4]|. This suggests that although dysphagia is a
more common complication after spinal cord injury, it is likely
to have some implications within nonspinal cord—injured CSI
populations as well. Had the aforementioned investigations
analyzed all CSI patients, we would be able to directly
compare our findings, but as mentioned previously, we were
unable to locate any existing literature analyzing such a
population.

In addition to the dysphagia rate discrepancies found
within the literature for traumatically injured populations,
conflicting evidence regarding the impact of age on
dysphagia development in these analyses is prevalent.
Although it is generally accepted that age is significantly
associated with atraumatic development of dysphagia as a
result of the physiological changes that naturally occur
throughout aging process [21-26], in review of the previ-
ously discussed literature, only Kirshblum et al. [1] were able
to definitively correlate age and risk of dysphagia develop-
ment within a traumatically injured spinal cord population
(P = 0.028). Wolf and Meiners [4] and Abel et al. [2] reported
no association between age and dysphagia. Shin et al. [3]
noted the trend and reasonability of age as a risk factor for
dysphagia development but was unable to show statistical
significance beyond an increased risk for geriatric patients
to aspirate once developing dysphagia. Our results support
those of Kirshblum et al. [1], and the conjecture of Shin et al.
[3] as age was found to be a significant predictor of
dysphagia development in both univariate (OR: 1.03, 95% CI
1.02—1.04; P < 0.001) and multivariate (AOR: 1.06, 95% CI
1.04—1.07; P < 0.001) analyses. Along with age, injury to the
spinal cord, ISS, GCS, TBI, facial fracture, ventilator use,
hospital LOS, halo vest fixation, and tracheostomy were all
found to be significant predictors of dysphagia in univariate
analysis, as could be expected based on existing literature
[1—20]. Past medical history of stroke, although strongly
supported in the literature as a predictor for atraumatic
dysphagia development [27—-29], was found nonsignificant
within this traumatically injured population. It is possible
that our small sample of only four patients who previously
suffered a stroke confounded these results, however. On
inputting the aforementioned significant dysphagia pre-
dictors into a multivariate logistic regression model, some
unexpected results were found. Whereas age, GCS, TBI,
facial fracture, spinal cord injury, hospital stay, ventilator
use, and halo vest fixation remained significant predictors of
dysphagia, ISS and tracheostomy fell out of statistical sig-
nificance. Considering tracheostomy is a relatively well-
supported predictor of dysphagia within traumatically

injured populations [1,3,15], we were surprised to see this
variable fall from significance while controlling for other
demographic and injury severity covariates. As with stroke
history, it is possible that our small sample of patients with
tracheostomy, as well as our practice protocol of only
testing patients for dysphagia after tracheostomy removal,
contributed to this result.

As with any retrospective analysis, this investigation has
its inherent limitations. In addition to our small, single insti-
tution—derived sample, Lancaster, Pennsylvania is a relatively
homogenous, geriatric haven. As such, the mean age of CSI
patients within our study population is relatively old—more
so than previous studies analyzing dysphagic trends within
cervical spinal cord—injured specific populations. Although
multivariate regression models were used to control for de-
mographic factors within our analysis, it is possible that our
substantial geriatric population could have impacted dys-
phagic trends identified within our results. In addition, due to
the fact that there is currently no formalized dysphagia
screening protocol for patients presenting with CSIs within
our institution, it is likely that the estimated dysphagia prev-
alence reported within this investigation is conservative. It is
important to note that we have not reported the true inci-
dence of dysphagia within our hospital, rather the rate of
clinically diagnosed dysphagia.

5. Conclusion

The association between cervical spinal cord injury and
dysphagia development is a well-documented clinical reality
[1-9]. Although it is generally accepted that dysphagia
screening should be conducted in patients presenting with
cervical spinal cord injuries, our results suggest that all CSI
patients, especially those aged older than 65 y, should be
placed at heightened suspicion. Within our total CSI popula-
tion, we identified clinically diagnosed rates of dysphagia that
were consistent with or exceeding previously reported rates
within strictly spinal cord—injured populations. Only consid-
ering the presence of dysphagia for those with spinal cord
injuries may neglect a large percentage of the overall dys-
phagic population, placing patients at increased risk for
developing a host of secondary complications.
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