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Abstract: The aim of this study was to calculate the incidence of dysphagia and identify its potential risk factors. We
prospectively included the patients undergoing primary single-level anterior cervical spine surgery in our hospital
and recorded specific perioperative data. The Bazaz grading system and the Swallowing Quality of Life (SWAL-QOL)
score were used to assess the presence and severity of dysphagia. Correlations between the potential variables and
postoperative dysphagia were investigated by analyzing data from 187 patients who finished more than 1-year fol-
low-up. The number of patients with dysphagia was 99 (52.94%) at 1 week after surgery, 60 (32.09%) at 1 month,
42 (22.46%) at 3 months, 29 (16.11%) at 6 months, and 16 (8.56%) at 1 year. The preoperative mean SWAL-QOL
score was 65.62, which decreased to 58.72 after surgery and to 64.66 at the 12-month follow-up. The SWAL-QOL
score at 1 week after surgery was correlated with the operative time (r = -0.474; P < 0.001). Multivariate analysis
showed that preoperative tracheal exercise (odds ratio (OR) = 0.302; 95% confidence interval (Cl) = 0.131-0.748),
operative time < 90 minutes (OR = 0.407; 95% Cl = 0.190-0.878), and arthroplasty (OR = 0.211; 95% Cl = 0.102-
0.425) were the independent factors associated with a lower incidence of postoperative dysphagia. In summary,
our analysis described the natural course of dysphagia after surgery and demonstrated that tracheal exercise, short
operative time, and arthroplasty were factors that may help to decrease the incidence of postoperative dysphagia.
However, future prospective, randomized and controlled studies are needed to validate these findings.
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Introduction increased length of hospital stay, 30-day read-
missions, and in-hospital mortality [8].

Anterior cervical spine surgery is commonly

performed to treat many spine conditions,
including trauma, tumor, and degenerative spi-
nal disease; however, postoperative dysphagia
is a common complication following the anteri-
or approach [1, 2]. According to previous stud-
ies, the reported incidence of dysphagia varies
widely and ranges from 4.8%-71% [3-5]. The
wide range may reflect different definitions of
dysphagia and variable lengths of follow-up in
different studies. Although dysphagia is usually
benign and transient, in several situations, it
can induce severe problems, such as aspira-
tion pneumonia [6, 7]. Joseph et al. reported
that dysphagia in patients who undergo cervi-
cal spine surgery correlates with significantly

The exact etiology of dysphagia has not been
clarified. Previous studies have reported sever-
al potential risk factors associated with the inci-
dence of postoperative dysphagia, including
female gender, advanced age, involvement of
C4-C5 and C5-C6 levels, prolonged operative
time, and revision procedures [3, 9, 10]. How-
ever, results were inconclusive. For example,
Yang et al. [11] considered that female gender
was associated with a higher risk of postopera-
tive dysphagia, whereas the study conducted
by Reinard et al. [9] demonstrated that gender
did not influence the incidence of dysphagia.
We considered that these studies have not
detected a true association because of the rel-



Risk factors for dysphagia

Table 1. The Bazaz grading system

Severity Liquid Solid
0-None None None
1-Mild None Rare
2-Moderate None or rare Occasional

3-Severe None or rare or occasional  Frequent

atively small sample size or the inclusion of
patients with apparent heterogeneity.

Considering the paucity of clinical data in this
area, we conducted this study to record the
incidence of postoperative dysphagia at differ-
ent follow-up periods, and tried to identify pos-
sible risk factors that is associated with the
occurrence of dysphagia. To the best of our
knowledge, this is the first studies investigating
risk factors for dysphagia following single-level
cervical spine surgery.

Materials and methods
Inclusion and exclusion criteria

We prospectively included the patients under-
going primary single-level anterior cervical
spine surgery in our hospital from January
2014 to November 2015. The inclusion criteria
included adult patients with radiculopathy or
myelopathy from single-level cervical disc dis-
ease with correlating magnetic resonance
imaging findings and no response to nonopera-
tive treatment for at least 3 months. Patients
with preoperative dysphagia, cervical trauma, a
history of central nervous system disorders,
previous neck surgery, esophageal diseases, or
multi-level surgery were excluded.

Surgical technique

Both anterior cervical decompression and fu-
sion (ACDF) and cervical disc arthroplasty (CDA)
were performed in our hospital. The choice of
surgical procedure was discussed among the
surgeons, but if patients were suitable for both
procedures, patients could choose ACDF or
CDA. Briefly, the patient was placed in the su-
pine position with mild cervical extension fol-
lowing induction of general anesthesia. A stan-
dard right-sided approach through a transverse
incision was used to expose the targeted level
followed by removal of the compressive materi-
als including osteophytes, herniated disc, and
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the posterior longitudinal ligament. During
ACDF, a polyetheretherketone cage filled with
excised osteophytes was inserted between ver-
tebral bodies, and the plate was then fixed with
screws inserted cranially and caudally. A soft
collar was used for 8 weeks postoperatively.
During the CDA procedure, the appropriate
prosthesis was determined by preoperative
templating and intraoperative evaluation using
disc trials. After implant insertion, fluoroscopic
imaging confirmed whether the device was cor-
rectly located and suitable. All surgeries in this
study were performed by the same surgeon.

Data collection

Perioperative data, including age, gender, body
mass index, history of smoking and alcohol
use, operative time, estimated blood loss, tar-
get segment, length of incision and length of
hospital stay were obtained from patients’
medical records. Although all patients received
instruction in tracheal traction exercises by
nurses after hospitalization, some patients did
not perform the exercises; the number of these
patients was recorded.

Radiological measurements were taken from
the lateral radiographs by two blinded research-
ers. Cervical alignment was defined as the
angle formed by the inferior lines of C2 and C7
vertebral bodies. Change in angular alignment
was calculated as the postoperative value
minus the preoperative value.

The incidence of postoperative dysphagia was
assessed by the criteria published by Bazaz et
al. [5]. The dysphagia scoring system has four
grades (none, mild, moderate, severe) for liquid
and solid food: “mild” defines no dysphagia on
liquid swallowing and rarely with solid food;
“moderate” defines an absence of or rare dys-
phagia on liquid swallowing, and occasional
(only with specific food) dysphagia on solid
food; and “severe” defines dysphagia present
on liquid swallowing, and frequent on solid food
(Table 1). The Swallowing Quality of Life (SWAL-
QOL) questionnaire with a total score of 70 (14
items with each item scored from 1-5) was
completed by the patients to comprehensively
evaluate the degree of dysphagia [12]. Dys-
phagia was evaluated preoperatively and at
1 week, 1 month, 3 months, 6 months, and 1
year postoperatively.
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Patients underwent cervical spine surgery
(n=311)

used to check the correlation
between SWAL-QOL score and
operative time. Statistical an-
alysis was performed using

Patients were excluded (n =
Cervical trauma (n
A history of central nervous
system disorders (n = 5)
Previous neck surgery (n = 2)
Multi-level surgery (n = 86)

107) the Statistical Package for So-
14) cial Sciences software (ver-
sion 17.0; SPSS Inc., Chicago,
IL, USA), and a probability
value < 0.05 was considered

statistically significant.

Results

v

Patients without sufficient data or
were lost during follow-up
17)

(n

During this study, a total of
311 patients underwent cer-
vical spine surgery, but only

Patients were admitted into analyses
(n = I87)

r

Dysphagia-positive group
(n~99) (n~ 88)

Dysphagia-negative group

Figure 1. Flow diagram showing patient allocation in the current study.
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Figure 2. The number of patients with different de-
grees of dysphagia at 1 week, 1 month, 3 months, 6
months, and 1 year postoperatively.

Statistical analysis

Correlations between postoperative dysphagia
and the influencing factors were analyzed. Pa-
tient characteristics were compared between
groups using the Mann-Whitney U-test or
Fisher’s exact test. Variables found to be poten-
tially predictive of the outcome variable from
the univariate analyses (P < 0.20) were includ-
ed in the multivariate logistic regression mod-
els. Pearson’s correlation coefficient was also

4931

204 patients were eligible
based on the inclusion crite-
ria. After surgery, 187 patients
with sufficient data who fin-
ished more than 1-year follow-
up were admitted into analy-
ses (Figure 1). Of these pati-
ents, 117 were male (62.57%)
and 70 were female (37.43%),
and the mean age was 49.71
years. Fifteen cases involved
C3-C4; 57 cases, C4-C5; 68 cases, C5-C6; 41
cases, C6-C7; and 6 cases, C7-T1. The total
number of patients with dysphagia was 99
(52.94%) at 1 week after surgery, 60 (32.09%)
at 1 month, 42 (22.46%) at 3 months, 29
(16.11%) at 6 months, and 16 (8.56%) at 1
year. Forty-eight patients underwent CDA, and
139 patients underwent ACDF (Figure 2). The
preoperative SWAL-QOL score was 65.62, and
the mean value of this score decreased to
58.72 postoperatively. At the 12-month follow-
up, the mean SWAL-QOL score was 64.66.
Changes in the SWAL-QOL score are shown in
Figure 3.

According to the incidence of dysphagia one
week after surgery, 99 patients were classified
into the dysphagia-positive group and 88
patients comprised the dysphagia-negative
group. Univariate analyses showed that there
was no significant difference in age, gender,
smoking, alcohol use, BMI, estimated blood
loss, involvement of C4-C5 or C5-C6, length of
incision, or length of hospital stay (P > 0.05,
Table 2).

Seventy-five of the 99 patients in the dyspha-
gia-positive group after surgery performed the
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Figure 3. Error bar showing the Swallowing Quality of Life (SWAL-QOL) score

at different follow-up times.

Table 2. Univariate analysis of the risk factors for dysphagia at one

week after surgery

b

I

6 months

0.015), and mean changes in
angular alignment in the dys-
phagia-positive group were
also significantly higher than
for the dysphagia-negative
group (6.37 + 4.52 vs. 4.73 £
6.15, P = 0.046).

Pearson’s correlation analy-
sis was also used to check
the correlation between SW-
AL-QOL score and operative
time, and the result showed
that the SWAL-QOL score 1
week after surgery correlated
with operative time (r =
-0.474; P < 0.001, Figure 4).

I
12 months

To investigate the impact of
independent variables on the
incidence of dysphagia, we
also performed a multivari-
ate analysis, which showed
that preoperative tracheal

exercise (odds ratio (OR) =

Dysphagia (+) Dysphagia (-)

0.302; 95% confidence inter-

Characteristic group group P value va.I (CI). = 0.131-0.748), oper-
No. of patients 99 88 atl\é)e;(l)rr;e 9<5?/O (;TmUtgsj_(gooR
= . ; (0} = . -
Age (years) 50.21+11.42 49.15+10.86 0.521 0.878), and arthroplasty (OR
Gender (male/female) 57:42 60:28 0.173 = 0.211: 95% Cl = 0.102-
Smoking (yes/no) 45:54 31:57  0.180 0.425) were significant inde-
Alcohol (yes/no) 39:60 2761 0.224 pendent factors associated
BMI (kg/m?) 25.91+2.38 26.08+3.15 0.681 with dysphagia after cervical
Tracheal exercise (yes/no) 75:24 80:8 0.007 spine surgery (P < 0.05, Table
Operative time (min) 67.31+8.69 56.06+11.20 0.015 3).
Estimated blood loss (ml) 82.83+28.44 77.79+20.91 0.172 . .
Discussion
Involvement of C4-C5 or C5-C6 68:31 57:31 0.641
Arthroplasty (yes/no) 12:87 36:52 0.000 Anterior cervical spine sur-
Change in angular alignment (degree) 6.37+4.52  4.73+6.15 0.046 gery is one of the most com-
Length of incision (mm) 64.32+10.75 67.06+8.66 0.061 mon spinal procedures per-
Length of hospital stay (d) 14.65+2.76 13.97+3.59 0.154 formed worldwide; however,
BMI = body mass index. dysphagia is a frequent post-
operative complication. Cal-
culating the incidence of dys-
tracheal exercises compared with 80 of the 88 phagia and identifying variables that may

patients in the dysphagia-negative group with a
significant difference between the two groups
(P = 0.007). Similarly, there was a significant
difference between the two groups for the CDA
procedure (P < 0.001). In the dysphagia-posi-
tive group, the mean operative time was signifi-
cantly higher than that in the dysphagia-nega-
tive group (67.31 £8.69 vs. 56.06 + 11.20, P =
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increase the risk of dysphagia following surgery
leads to surgical strategies to decrease its inci-
dence. Although several studies have been per-
formed to investigate dysphagia, few studies
have focused on single-level cervical spine sur-
gery. In the current study, we used both the
Bazaz grading system and the SWAL-QOL score
to assess postoperative dysphagia, and we
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naires assessing the subjec-
tive symptoms may be a rela-
° tively reliable method to ev-
aluate postoperative dyspha-
gia clinically [16]. The Bazaz
grading system is widely used
to assess the incidence of
dysphagia after cervical spi-
° ne surgery [5]. The SWAL-QOL
° score, however, can evaluate

the degree of dysphagia. Us-
ing both systems, we found
° that dysphagia after anterior

° cervical spine surgery is rela-
tively common in the early
postoperative period, and the
incidence and severity of dys-

I I [ ! I
40 60 70 80

Operative time

Figure 4. Correlation between the Swallowing Quality of Life (SWAL-QOL)
score 1 week after surgery and operative time (r =-0.474; P < 0.001).

phagia progressively decrea-
sed over time. At the end of
the 1-year follow-up, dyspha-
gia had resolved in almost all
patients with only a small
number still suffering mild
dysphagia.

920 100

Table 3. Multivariate analysis of the risk factors for dysphagia

Risk factors P value OR 95% ClI The mechanism of dysphagia
Tracheal exercise (yes/no) 0.000 0.302 0.131-0.748 has not yet been fully under-
Operative time < 60 minutes 0.023 0.407 0.190-0.878 stood and has been common-
Arthroplasty (yes/no) 0.011 0211  0.102-0.425 ly accepted as a multi-factori-

OR = odds ratio, Cl = confidence interval.

found that the numbers of patients with dys-
phagia were 99 (52.94%) 1 week after surgery,
60 (32.09%) at 1 month, 42 (22.46%) at 3
months, 29 (16.11%) at 6 months, and 16
(8.56%) at 1 year, respectively. The SWAL-QOL
score 1 week after surgery correlated with
operative time (r = -0.474; P < 0.001). No pre-
operative tracheal exercise, prolonged opera-
tive time, and undergoing ACDF were significant
independent risk factors for dysphagia after
cervical spine surgery.

Many classification systems have been devel-
oped to define and grade postoperative dys-
phagia, but inconsistent usage and lack of con-
sensus adoption has limited the research
progress [13]. Video-fluoroscopic swallow eval-
uation has been considered the gold standard
for assessing dysphagia [14]. However, Frem-
pong-Boadu et al. [15] found a poor correlation
between the objective and subjective findings
of dysphagia. Thus, patient-reported question-
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al process [17]. In the current
study, preoperative tracheal
exercise was considered a
strategy to decrease the incidence of dyspha-
gia. Preoperative tracheal exercise may improve
the compliance of the trachea and esophagus,
which can decrease dysphagia after cervical
spine surgery. Consistent with our results, Chen
et al. [18] reported that Bazaz dysphagia scores
for patients performing tracheal exercise were
significantly better than for those without tra-
cheal exercise. They proposed that this preop-
erative exercise should be performed twice a
day, 15 counts each time, for 3 days, starting at
least 4 days before the surgery. We propose
that this measure is especially valuable in pro-
cedures associated with an increased risk,
such as multilevel or revision surgeries [19,
20].

Operative time was another factor associated
with the incidence of dysphagia in our study. In
a similar study by Rihn et al. [4], prolonged
operative time was the only variable correlated
with the severity of dysphagia after 12 weeks.

Int J Clin Exp Med 2017:10(3):4929-4935
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We hypothesized that longer retraction of the
trachea and esophagus results in more severe
soft-tissue swelling. Thus, in complex cervical
cases in which a long operative time is predict-
ed, procedures performed by senior surgeons
may reduce the incidence of dysphagia after
surgery compared with those performed by fel-
lows or residents.

Theoretically, if an anterior cervical plate is
placed directly posterior to the esophagus, the
plate may influence the incidence of postopera-
tive dysphagia as any mechanical irritation or
impingement against the esophagus may cause
dysphagia. Non-profile implants are thought to
be associated with a lower incidence of dyspha-
gia compared with anterior plate and cage with
artificial disc prostheses considered “non-pro-
file” [21-23]. This theory was confirmed by our
results. We suggest that choosing a low-profile,
small, and smooth cervical plate may also help
to decrease the incidence of dysphagia after
surgery.

The current study has several limitations. First,
all data were obtained from patients after sin-
gle-level surgery. Although changes in angular
alignment were not demonstrated as a risk fac-
tor after multivariate analysis, we cannot defini-
tively conclude that this factor was not associ-
ated with the incidence of dysphagia because
the magnitude of the change in angular align-
ment after single-level surgery was small.
Therefore, our results may not be applicable
to cases of dysphagia after multi-level surgery
in which significant alignment changes are
expected [24]. Second, we did not analyze cer-
tain potential risk factors, such as surgical
approach, local steroid delivery, plate design,
or the use of recombinant human bone mor-
phogenetic protein. Although the effects of
these factors remain controversial, [25-27]
these variables should not be ignored in future
research. Third, we focused on the most com-
mon anterior cervical procedures performed
for degenerative disease. Therefore, our data
may not be applicable to patients undergoing
surgery at greater than two levels, revision
anterior cervical surgery, or anterior cervical
surgery for specific etiologies, such as trauma,
infection, or tumor. We are expecting corre-
sponding studies on these aspects in the
future.
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In summary, we found that the incidences of
postoperative dysphagia were 52.94% at 1
week, 32.09% at 1 month, 22.46% at 3 months,
16.11% at 6 months, and 8.56% at 1 year,
respectively; and tracheal exercise, operative
time, and arthroplasty were associated with
postoperative dysphagia. Awareness of this
information may provide surgeons with a better
understanding of postoperative dysphagia and
decrease the incidence of this disorder.
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