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ABSTRACT

INTRODUCTION: Dysphagia after anterior cervical discectomy and fusion (ACDF) is a regular complication.
The aim of this study was to identify risk factors for incidence and severity of dysphagia after ACDF with

zero-profile spacer.

METHODS: Incidence and severity of dysphagia was evaluated preoperatively and for time of three years
after ACDF (regular outpatient check-ups) — prospective study with 3-years follow-up. Severity of dysphagia
was assessed subjectively using Bazaz—Yoo dysphagia score. Influence of selected factors on the incidence
and severity of postoperative dysphagia was evaluated. Following statistical methods were used: Fisher’s
exact test, unpaired Student’s t-test, one-way ANOVA and Spearman’s correlation coefficient. Level of
significance was defined as p < 0.05. Correlations between paired parameters were evaluated according to

Spearman’s correlation.

RESULTS: Our study included 133 patients who underwent one-, two- or three-level ACDF with zero-profile
spacer in years 2013-2018. Myelopathy and GERD had significant impact on incidence and severity of pre-
existing dysphagia. Risk factors for incidence of dysphagia after ACDF were number of treated segments,
myelopathy, pre-existing dysphagia and surgery of C4/5 segment. Age of patients, duration of surgery and
pre-existing dysphagia correlated positively very weakly to weakly with severity of dysphagia after ACDF.
Number of treated segments, myelopathy, GERD and surgery of the C4/5 segment were risk factors for

greater severity of postoperative dysphagia.

CONCLUSION: Risk factors for incidence and severity of pre-existing dysphagia were myelopathy and

GERD. Risk factors for dysphagia incidence after ACDF were number of treated segments, pre-existing
dysphagia, myelopathy and surgery of C4/5 segment (Tab. 6, Fig. 1, Ref. 30). Text in PDF www.elis.sk

KEY WORDS: dysphagia, anterior cervical discectomy and fusion, risk factors, zero-profile spacer.

Abbreviations: ACDF — anterior cervical discectomy and fusion,
AH — arterial hypertension, DM — diabetes mellitus, GERD — gas-
troesophageal reflux disease, nVAS — neck visual analogue scale,
GSP — global sagittal profile

Introduction

Anterior cervical discectomy and fusion (ACDF), as the most
common surgical procedure for degenerative disease of the cer-
vical spine, is burdened by the occurrence of postoperative com-
plications. Regular complication in the postoperative period is a
swallowing disorder of variable severity. Published studies report
a wide range of factors that affect dysphagia after ACDF: age,
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gender, number of treated segments, smoking, gastro-oesophageal
reflux disease (GERD), arterial hypertension (AH), diabetes mel-
litus (DM), duration of surgery, pre-existing dysphagia, prever-
tebral soft tissue swelling, difference between the postoperative
and preoperative C2—7 angle, endotracheal tube cuff pressure,
preoperative tracheal traction exercise, cervical plate type and
position, psychiatric factors, palsy of laryngeal recurrent and/or
superior nerves, use of recombinant human bone morphogenetic
protein, use of zero-profile spacer, steroid application, experi-
ence of surgeon, revision surgery, body mass index, blood loss,
preoperative comorbidities, duration of pre-existing pain, cervi-
cal retractor type, decreasing surgical levels, improved surgical
techniques, preoperative visual analogue scale, course of disease,
cervical circumference, ossification of posterior longitudinal liga-
ment, application of absorbable collagen bio-membrane during
ACDF and type of surgery (cervical arthroplasty versus ACDF)
(1-6). The aim of this study was to identify risk factors for the
incidence and severity of swallowing disorders after ACDF with
a zero-profile implant.
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Tab. 1. Bazaz - Yoo dysphagia score (adapted according to (7)).

Bazaz-Yoo dysphagia score Sub]ectlye evgluatlon of the patient’s
swallowing disorder
None No problems with swallowing
Mild Sporadic swallowing problems
Moderate Perblems w?th gwallowmg in connection
with a certain diet
Common problems with swallowing with
Severe .
most types of diet

Tab. 2. Characteristics of patients group.

Female: 91/68.4%

Gender Male: 42/31.6%
Age Age up to 55 years: 61/45.9%
g Age 55 years and more: 72/54.1%
. 1-level surgery: 54/40.6%
Type of surgical 2-level surgery: 63/47.4%
procedure

3-level surgery: 16/12.0%

ACDF duration up to and including 90 minutes: 78
ACDF duration over 90 minutes: 55
Gastro-oesophageal reflux disease: 14/10.5%
Pre-existing dysphagia: 20 / 15.0%
Myelopathy: 28/21.1%

Diabetes mellitus: 11/8.3%

Arterial hypertension: 62/46.6%

Smokers: 60/45.1%

C3-4 level: 3/2.3%

C4-5 level: 38/28.6%

C5-6 level: 106/79.7%

C6-7 level: 79/59.4%

C7-T1 level: 3/2.3%

Time of surgery

Selected important
comorbidities

Number of treated
intervertebral discs

Methods

Our study included 133 patients (91 women and 42 men) who
underwent one-, two- or three-level ACDF in years 2013-2018.
Mean age of patients in the cohort was 52 years. A total of 228
cervical motion segments were surgically treated. In all cases, a
cage Zero Profile Variable Angle (DePuy Synthes, Switzerland)
cage was used to induce fusion. This zero-profile spacer is fixed
in the intervertebral space by means of two divergently inserted
screws. Exclusion criteria for surgery included pregnancy, contra-
indications of elective surgery, severe osteoporosis, cervical spine
injury, inflammation and tumor of the cervical spine. Incidence
and severity of dysphagia were monitored preoperatively and for
time of three years after ACDF (regular outpatient check-ups — six
weeks, three months, six months, one year, two years and three
years). Severity of dysphagia was assessed subjectively using Ba-
zaz—Yoo dysphagia score (Tab. 1) (7). All data were collected and

Tab. 3. Incidence of dysphagia before and after ACDF in study cohort.

Fig. 1. The method of the GSP measuring — Cobb C2-C7 (author’s
archive).

recorded prospectively at the patient‘s admission to the hospital and
in the postoperative period at outpatient check-ups or by telephone.
Following parameters were recorded before surgery: age, gender,
history of smoking, myelopathy verified by magnetic resonance
imaging, comorbidities (DM, AH, GERD), neck visual analogue
scale (nVAS), pre-existing dysphagia and global sagittal profile
(GSP) before ACDF. After ACDF, these parameters were recorded:
number of treated segments, level of surgery, duration of surgery
and change of GSP after surgery. To determine the impact of indi-
vidual factors on the incidence of swallowing disorders, patients
were divided into subgroups: in terms of gender for women and

Dysphagia after ACDF Pre-existing ~ After 6 weeks After 3 months After 6 months  After 1 year After 2 years  After 3 years
Overall incidence 20/15.0% 89/66.9% 72/54.1% 56/42.1% 47/35.3% 25/18.8% 13/9.8%
Mild 15/11.3% 77/57.9% 63/47.4% 50/37.6% 45/33.8% 24/18.0% 12/9.0 %
Moderate 5/3.7% 12/9.0% 9/6.7% 6/4.5% 2/1.5% 1/0.8% 1/0.8%
Severe 0/0% 0/0% 0/0% 0/0% 0/0% 0/0% 0/0%
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Tab. 4. Risk factors for incidence of dysphagia after ACDF.

Age (up to 55 years, 55 years and more)

Surgery of C7-T1 segment

Risk factors for incidence of
Smoking

dysphagia after ACDF
Gender (male/female)
Surgery of C3-4 segment
Surgery of C4-5 segment
Surgery of C5-6 segment
Surgery of C6-7 segment

Number of segments

Rene OPSENAK et al.Incidence and severity of dysphagia after anterior cervical discectomy...

men, in terms of age to patients under 55 years and 55 years
and older, patients after one-, two- and three-level ACDF,

E % § § § § g a according to the level of surgery (C3/4, C4/5, C5/6, C6/7
< 12121121715 SIS and C7/T1), for smokers and non-smokers, into subgroups
il B e B B el Bl B according to the presence of comorbidities, pre-existing
dysphagia and myelopathy and according to the duration
of surgery on patients with surgery up to and including 90
minutes and surgery over 90 minutes. GSP was assessed by
o lolo|lalelal= <o measuring the Cobb angle between the lower end-plate of
g § § E i § § % C2 vertebral body and the lower end-plate of C7 vertebral
R ESESESESESESAE'S body (Cobb C2—-C7) or the lowest visualized vertebral body
above C7 vertebra, but always in a particular patient (Fig.
1). Statistical analysis of results was performed using IBM®
SPSS® Statistics for Windows (version 25, Armonk, New
York, IBM Corporation and PAST, version 4.03, Copyright
ﬁ % § § § § E OE . Hammer). Following statistical methods were used to
(= (=3 =) fe) fe k=2 k=] (=]

evaluate the influence of observed factors on the incidence
of swallowing disorders: Fisher’s exact test and unpaired
Student’s t-test. Following methods were used to statistically
evaluate the influence of observed factors on the severity of
dysphagia: unpaired Student’s t-test, one-way ANOVA and

95% CI(-2.716,3.963) 95% CI (—2.213,3.325) 95% CI (- 0.601, 5.146) 95% CI (—2.252,3.469) 95% CI (- 1.774,4.503) 95% CI (- 0.969, 7.248)

p

SN EE SRR Spearman’s correlation coefficient. Level of significance

=1gg13s|Z S| S was defined as p < 0.05. Correlations between paired pa-

N ESES S S ESEERS rameters were evaluated according to Spearman’s correla-

tion. Spearman’s rho (R) coefficient is a statistical measure

of the strength of a monotonic relationship between paired

data. Positive or negative correlation was interpreted as fol-

lows: 0.00-0.19 (very weak), 0.20-0.39 (weak), 0.40-0.59
S|l—=lenfn|o|la 0

SEEREEIERIE (moderate), 0.60—0.79 (strong) and 0.80—1.00 (very strong).
TITITITITIT T
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Results

Basic characteristics of the group of patients are given

in Table 2. In the monitored group of patients, women pre-

§ Q § % 2 LR dominated (68.4 %), the most frequently treated motion seg-
wv w |~ o

Sls|s|s|s|s ci|ls ment was C5/6 (79.7 %) and the most common was 2-level

p
p
p
p
p
p
p

ACDF (47.4 %). The incidence of pre-existing dysphagia
in the cohort was 15.0 %. In 6 weeks after ACDF, the inci-
dence of swallowing disorders was 66.9 % with a gradual
decrease of the incidence in the next follow-up period. In
the period of 3 years after surgery, 9.8 % of patients reported
a swallowing disorder. Mostly mild dysphagia was present
throughout the follow-up period, and severe dysphagia was
not reported (Tab. 3).

Gender, age of patients, duration of the surgery, smok-
ing, DM, AH, change of GSP and nVAS had no significant
impact on the incidence of dysphagia before and after ACDF.
Myelopathy (p =0.004) and GERD (p =0.002) conditioned
a higher incidence of pre-existing dysphagia. Myelopathy
had a significant effect on the incidence of swallowing dis-
orders at six months (p = 0.007) and one year (p = 0.05)
after ACDF. Pre-existing dysphagia resulted in a higher in-
cidence of swallowing disorders at two years after ACDF
(p =0.05). Surgery of C4/5 level had a significant effect on
the incidence of dysphagia at two years (p = 0.00001) and

0.002
0.004
0.112
0.314
95% CI (-0.469, 1.448) 95% CI (-0.427,1.198) 95% CI (-0,338,0.952) 95% CI (-0.038, 1.347) 95% CI (-0.543,0.961) 95% CI (-0.734,0.837) 95% CI (-0.480, 1.430)

0.637

P
p
p
p
p

including 90 min., over 90 min.)
Change of GSP after surgery

Duration of surgery (up to and
GERD

Pre-existing dysphagia
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Neck VAS
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three years (p =0.0001) after the procedure.

Tab. 6. Clinical studies evaluating the incidence of dysphagia after ACDF.

Surgery of other motion segments had no

significant effect on the incidence of dys- ~ Authors Study 0?;:;23;5 Wordwl s Gl dl e 2y aig, ::;ie
phagia. The increasing number of operated ~ Wang et al (3) R 2827 20% 5% 2% 1%  04%
segments conditioned a higher incidence  Opsenaketal (6) P 73 53% 33% 19% 22%
of postoperative dysphagia in the period of =~ Bazaz etal (7) p 249 50% 32% 18% 13%
three months and more after ACDF (Tab.4).  Rileyetal (9) R 454 30% 22% 21%

Gender, surgery of C7-T1 level, smok-  Kalbetal (10) p 249 89% 30% 7% 0%
ing, DM and AH had no significant influ- ~ Yueetal (11) R 74 46% 35%
ence on the severity of swallowing disorders ~ Lec etal (27) P 156 49% 20% 154% 11%
throughout the monitoring period (Tab. 5). ~ Olssonetal29) P 100 26%

The age of patients correlated mostly very

weakly positively with the severity of the dysphagia. Larger num-
ber of treated segments significantly conditioned greater severity
of dysphagia during the entire postoperative period. Surgery of the
C4/5 segment resulted in greater severity of dysphagia throughout
the postoperative period. Surgery of segments C3/4, C5/6 and C6/7
were risk factors for the severity of swallowing disorders only in
some periods after ACDF (Tab. 5). Duration of surgery correlated
mostly weakly positively with the severity of dysphagia. GERD
had a significant impact on the severity of pre-existing dysphagia
(p=0.0001) and postoperative dysphagia in the period of 1 year (p
=0.034). Pre-existing dysphagia correlated positively mostly very
weakly with the severity of postoperative dysphagia. Myelopathy
had a significant impact on the severity of dysphagia before and
after surgery (Tab. 5). The change of GSP after surgery and nVAS
correlated very weakly with the severity of swallowing disorders.

Discussion

Process of the swallowing is divided into three neuro-ana-
tomical phases — oral, pharyngeal and oesophageal. Oral phase
begins with the food entry into the mouth, which is fragmented
by masseter muscle and tongue. Tongue muscles, innervated by
hypoglossal nerve, handle bolus of the food. Complex coordina-
tion of the soft palate, tongue movements, salivary glands and
masseter muscles, including the conduction of information from
chemoreceptors and mechanoreceptors in the mouth, is ensured
with facial, glossopharyngeal and hypoglossal nerves. Pharyngeal
phase represents involuntary coordination of muscle contractions
that move bolus of the food. Critical aspects of this phase are the
laryngeal elevation and the inversion of epiglottis, which prevents
the food penetration into airways. Superior and recurrent laryngeal
nerves provide innervation of the pharyngeal phase. Oesophageal
phase begins with passage of the food bolus through the upper oe-
sophageal sphincter and ends with the passage through the lower
oesophageal sphincter. This phase is completely involuntary and
is performed by the coordinated peristaltic of the oesophageal
musculature. Coordination of the oesophageal phase is provided
by autonomous myenteric plexus, which is under control of the
vagal nerve (6, 8). Glossopharyngeal and hypoglossal nerves can
be damaged during the surgical approach to the segment C3 and
above, superior laryngeal nerve during the approach to C3/4 and
C4/5 levels and recurrent laryngeal nerve during the approach to
the segment C6 and below. Vagal nerve is naturally protected in

the carotid sheath and can be damaged by excessive retraction in
the whole subaxial cervical spine (8). In our study, only the sur-
gery of the C4/5 segment at two and three years after ACDF had
a significant impact on the incidence of dysphagia. Surgery of the
C4/5 segment conditioned a significantly more severe swallowing
disorder in the entire postoperative period. This finding may be
related to the injury to superior laryngeal nerve in relevant seg-
ment. Similarly, Kalb et al reported a more frequent occurrence of
dysphagia in patients after C4/5 level surgery (10). However, we
have to accept the assumption that superior laryngeal nerve injury
in our cohort tended to repair slowly or was permanent. Surgery
of other motion segments has a significant effect on the severity
of dysphagia only at some follow-up dates. Some studies consider
upper-level surgery to be risky for the incidence of dysphagia (2, 3).

Published incidence of dysphagia after ACDF varies in a wide
range of 0—89 % and decreases with an increasing time from the
surgery (3, 6, 7, 9-11, 27, 29). In the early postoperative period,
the incidence of dysphagia is about 50 % (Tab. 6). In our cohort,
incidence of dysphagia six weeks after ACDF was 67 %. This
finding may explain the incidence of pre-existing dysphagia at
15 %. Yue et al reported only 3 % incidence of dysphagia before
ACDF (11). In our study, dysphagia after surgery persisted for a
long time, in the period of three years it was still at the level of
9.8 %. In a study by Kalb et al no postoperative dysphagia was
present in one year after ACDF (10). In the Wang et al study, the
incidence of dysphagia was 1 % and 0.4 % at one and two years
after ACDF, respectively (3). On the other hand, Yue et al reported
persistent dysphagia after surgery at 35 % with a mean follow-up
of 7.2 years (11). As in other studies, postoperative mild dyspha-
gia according to the Bazaz—Yoo dysphagia score prevailed in our
cohort (6, 7, 11, 12, 27). The meta-analysis of Yang et al found
a low incidence of both transient and persistent dysphagia after
ACDEF using a zero-profile implant. Most dysphagia was mild and
decreased during the following postoperative period. Severe dys-
phagia occurs infrequently (12, 27). Similarly, one type of zero-
profile spacer with integrated plate was implanted in all patients in
our cohort (Zero Profile Variable Angle). Many studies reported a
lower incidence of dysphagia after implantation of a zero-profile
cage compared to a cage/graft fixed with a conventional plate
(13-18). Other studies have not confirmed a significant difference
between both surgical modalities (19-21). Fixation of the cage with
a conventional plate conditions the irritation of hypopharynx and
oesophagus. In addition, the design of a conventional plate plays
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an important role (27). Risk factors for the incidence and sever-
ity of pre-existing dysphagia in our study were myelopathy and
GERD. Swallowing disorder in GERD is a logical accompanying
phenomenon (26). Frempong-Bodau et al reported a swallow-
ing disorder before surgery in 66 % of patients with myelopathy,
which was demonstrated by barium passage. They have assumed
that the cause of dysphagia in myelopathy is the failure of local
reflex mechanism on a preganglionic sympathetic level, due to
the compression of the spinal cord (22). In our cohort, in addi-
tion to surgery of C4/5 level, also myelopathy, number of treated
segments and pre-existing dysphagia had a significant impact on
the incidence of postoperative dysphagia. Number of treated seg-
ments and myelopathy also had a significant effect on the sever-
ity of dysphagia after ACDF. Dysphagia after ACDF is usually
persistent in patients with graphical findings of myelopathy (22).
A larger number of operated segments requires a larger surgical
approach, which causes greater edema of the prevertebral soft tis-
sues. Also, surgery of several motion segments takes longer and
increases the risk of injury to the hypopharynx, oesophagus and
laryngeal, hypoglossal and glossopharyngeal nerves. Most stud-
ies confirmed the increasing incidence of dysphagia after anterior
multilevel surgery (1-3, 7,9, 10, 22). Pre-existing dysphagia in our
study very weakly or weakly positively correlated with the severity
of postoperative dysphagia. The cause of pre-existing dysphagia
may be GERD, already mentioned myelopathy or extensive ventral
osteophytes in the context of degenerative disease of cervical mo-
tion segments or diffuse idiopathic skeletal hyperostosis (22-26).
In our cohort, age of patients and duration of ACDF did not have
a significant impact on the incidence of postoperative dysphagia,
but positively correlated with its severity. However, this correla-
tion was very weak or weak. Older patients and longer duration
of surgery are considered risk factors for swallowing disorders
after ACDF (1-3, 10, 21, 28). Duration of surgery, of course, de-
pends on the number of operated segments and is shorter when
using a zero-profile spacer (14, 21). Longer operative time leads
to more significant retraction of laryngeal nerves, hypopharynx
and oesophagus, which may determine their ischemia (3, 30). In
this study, smoking did not have a significant impact on the inci-
dence and severity of dysphagia before and after ACDF. In our
previous study even, smokers had significantly lower incidence of
pre-existing dysphagia and dysphagia within one year after ACDF
(6). However, smoking is considered a significant risk factor for
incidence and recovery of swallowing disorders (3, 5, 29). Change
of cervical alignment and diabetes mellitus are considered risk fac-
tors for dysphagia after ACDF (1, 3, 5). In our study, the influence
of these factors was not confirmed.

Limitations of this study include a small number of enrolled
patients and a short follow-up. Our study is a mono-center and
only patients after implantation of one type of zero-profile spacer
were included in the cohort to maintain homogeneity. In addition,
presence and severity of swallowing disorder was verified only
subjectively. However, video-fluoroscopic studies involve a small
number of patients because only a few potential study subjects are
willing to undergo radiological examination (22, 28). In addition,
completion of repeated video-fluoroscopic examinations in post-
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operative period is time-consuming and costly. To identify risk
factors for dysphagia after ACDF, multi-center studies with a large
patient population and long follow-up are required.

Conclusion

Incidence of pre-existing dysphagia in our study was 15.0 %.
Incidence of dysphagia six months and three years after ACDF
was 66.9 % and 9.8 %, respectively. Severe dysphagia did not
occur throughout the follow-up period. Myelopathy and GERD
resulted in higher incidence and greater severity of pre-existing
dysphagia. Risk factors for incidence of dysphagia after ACDF
were myelopathy, pre-existing dysphagia, surgery of C4/5 level
and a larger number of treated segments. Risk factors for severity
of dysphagia after surgery were multi-level ACDF, GERD, surgery
of C4/5 level and myelopathy. Age of patients, duration of surgery
and pre-existing dysphagia correlated positively very weakly to
weakly with the severity of dysphagia after ACDF.
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