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Objective: Anterior cervical spine surgery (ACSS) has become the most preferred surgical approach for the subaxial cervical spine. To
understand the laryngeal complications, the recurrent laryngeal nerve (RLN) is the most important anatomical landmark. Because RLN palsy
are often subclinical, there are few data on the incidence of total RLN palsy, and for this reason, asymptomatic RLN injuries are thought to be
even more common. In this prospective study, we aimed to determine the incidence of asymptomatic RLN palsy after ACSS.
Materials and Methods: A total of 46 patients who underwent ACSS between November 4, 2019 and June 30, 2021 during the corona
disease pandemic, were enrolled in this single-centre, prospective study. Only anteromedial approaches were evaluated. Preoperative video
laryngoscopic intubation was performed before ACSS to assess the vocal cords. Indirect laryngoscopy was performed to assess postoperative
status.
Results: ACSS was performed at one level in 36 patients and at two levels in 10 patients. The average duration of the procedure was 128.13
minutes and the average retraction time was 69.19 minutes. Dysphonia after ACSS was observed in 3 patients (6.52%), whereas asymptomatic
RLN palsy was noted in only 2 patients (4.34%). These patients showed only unilateral vocal cord paralysis on indirect laryngoscopy, which
was consistent with RLN injury.
Conclusion: The RLN is susceptible to injury during ACSS. Our relatively low rate of asymptomatic RLN paresis may be due to respect for the
tissue, careful handling during dissection, and the use of periodically released retraction.
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INTRODUCTION
The anterior approach has been used for 70 years to access the
cervical spine, particularly the vertebral body between C3 and
T1(1). With the development of internal fixation, instrumentation,
and retraction devices, as well as the development of technology
with imaging and microscope as part of the surgical treatment,
anterior cervical spine surgery (ACSS) has become the most
preferred surgical approach for the subaxial cervical spine(2).
The trachea and esophagus, the recurrent laryngeal nerve
(RLN), the superior laryngeal nerve, the cervical sympathetic
trunk, and the accessory spinal nerve have been implicated
in this approach(3,4). In particular, to understand laryngeal

complications after ACSS, the anatomy and nerve supply of the
larynx should be studied(5).
The RLN innervates the posterior cricothyroid muscles, the
only muscles that can open the vocal cords(6). Thus unilateral
RLN paresis results in unilateral paralysis of the vocal cords,
causing an inability to adduct or abduct. Inadequate laryngeal
closure during phonation results in a breathy and raspy voice,
hoarseness with increased vocal effort, and fatigue(7). Because
RLN palsies are often subclinical, data on the incidence of total
RLN palsies are limited and while asymptomatic RLN injuries
have been hypothesized to be even higher(4). In this prospective
study, we aimed to determine the incidence of asymptomatic
RLN palsy after ACSS using preoperative video laryngoscope
intubation and postoperative indirect laryngoscopy.
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MATERIALS AND METHODS
This study was approved by by the University of Health
Sciences Turkey, Okmeydanı Training and Research Hospital
Ethics Committee (approval date no: 24/10/2019, approval no:
48670771-514.10). A total of 46 patients undergoing ACSS
between November 4, 2019, and June 30, 2021, were enrolled
in this prospective single-centre clinical trial. The study
population was determined with G*power program by
taking α=0.05, power (1-β)=0.90.
Inclusion Criteria: Patients who underwent surgery with the
anterior cervical approach, were over 18 years of age and
younger than 65 years, and consented to participate in the
study were included.
Exclusion Criteria: Exclusion criteria were patients younger
than 18 years or older than 75 years, patients with previous
vocal cord pathology, difficult intubation history, patients with
American Society of Anesthesiologists III (ASA III) and above,
and patients who did not consent.
Preoperative Evaluation: Patient age and sex, ASA score, height,
weight, and body mass index (BMI) were noted. Comorbidities
and surgical history, especially previous cervical spine surgery,
were reviewed in detail.
Anesthesia: Patients placed supine on the operating table
were carefully intubated with a video laryngoscope. The vocal
cords were thus examined before intubation, and if pathology
was present, the patient was excluded from the study. During
intubation, excessive flexion and extension of the neck was
avoided. Endotracheal tube (ETT) cuff pressures (ETCPs) were
measured. The ETT was set to a cuff pressure of 20 mmHg or
less.
Surgical Procedures: Only the anteromedial approaches
were evaluated. After careful dissection and adequate
mobilization of soft tissues using hand retractors, the surgical
field was routinely created with the retraction of trachea
and esophagus medially, the sternocleidomastoid muscle
and carotid sheath laterally up to the prevertebral fascia.
We had avoided sharp dissections and stay away from the
tracheoesophageal groove. The RLN was not visualized in any
case. After palpation of the vertebral body, the prevertebral
fascia and anterior longitudinal ligament were separated
from the midline and a subperiosteal release of the longus
colli muscle was obtained. Caspar (Aesculap) and Cloward
(Codman) automatic retractor systems are routinely used as
self-retaining automatic retractors in our clinic for ACSS, so
the types of retraction were standardized. The cuff of the ETT
was deflated after retractor insertion and then re-inflated to
less than 20 mmHg. Anterior cervical discectomy and fusion
(ACDF) with or without corpectomy with anterior plate was
performed. The surgical technique during the operation and
the structural differences in the cervical spine of the patients
were recorded.
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Postoperative Evaluation: Complications of postoperative
extubation were noted. Peroperative methylprednisolone
administration if needed was added to the case report forms.
Routine radiographs of the cervical spine were evaluated after
mobilization on the first postoperative day. Neck and cranial
nerve examinations were performed. In the final stage, a
detailed examination of the vocal cords was performed by the
department of otolaryngology via the indirect laryngoscopy
(Figure 1).
Statistical Analysis
The SPSS (Statistical Package for the Social Sciences) program
(IBM Statistics version 25.0 inc., an IBM Co., Somers, NY) for
Windows was used for statistical analysis. Descriptive statistics:
Numbers and percentages for categorical variables, mean,
standard deviation, minimum, maximum, and median for
numerical variables. Subgroup analyzes were performed with
the Mann-Whitney U test and interpreted with the Bonferroni
correction. Rates in groups were compared with the chi-square
test. The statistical alpha significance level was accepted as
p<0.05.

RESULTS
In our neurosurgery department, a total of 64 patients underwent
ACSS during the pandemic corona virus disease-2019 (COVID-19).
Four patients older than 75 years, 2 patients with preoperative
vocal cord pathology detected during intubation with the
video laryngoscope, 2 patients with difficult intubation history,
5 patients who did not consent to the study, and 5 patients
with ASA III and above were excluded. A total of 46 patients
were evaluated. Twenty-two patients were women and 24 were
men. The age of the patients ranged from 23 to 74 years, with a
mean of 46.87 years. The BMI of the patients ranged from 18.92
to 37.33, with a mean of 28. A total of 14 patients (30%) had a
previous comorbidity. Among these patients, 4 patients had a
history of hypertension, 3 had diabetes mellitus, and 3 had both.
Two patients had chronic obstructive pulmonary disease, and
2 patients had neurodegenerative disease. Three patients had
prior ACDF, and 3 patients had prior thyroidectomy. Patients

Figure 1. Postoperative assessment during indirect laryngoscopy
A. Non-pathologic vocal cords
B. Pathologic; movement of the right vocal cords is restricted
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were hospitalized for a mean of 5 days (range, 2-12 days).
ACDF with cage/prosthesis was performed in 40 patients, ACDF
with corpectomy in 4 patients, ACDF with an anterior plate in
2 patients. Surgery was performed at one level in 36 patients
and at two levels in 10 patients. The levels involved were C3C4 in 3 patients, C4-C5 in 12 patients, C5-C6 in 24 patients,
and C6-C7 in 17 patients. Forty-three patients operated in the
radiculopathy clinic. Arm pain was localised on the left side in
23 patients, on the right side in 13, and on both sides in 7. In
38 patients, a right-sided approach was chosen. A transverse
or oblique incision through the skin and subcutaneous fat
was made on the selected side. The average duration of the
procedure was 128.13 minutes (range, 85-240 minutes). The
average retraction time was 69.19 minutes (range, 30-130
minutes). The range of Cloward retraction was between 2-3 cm
in 33 patients and between 3-4 cm in 13 patients (average 2.8
cm). Postoperative anesthetic complication was observed in 2
patients: Postintubation bronchospasm. A total of 3 patients
had postoperative dysphonia (6.52%). Methylprednisolone was
administered in these patients. No aspiration or dysphagia was
observed. Dysphonia developed in 2 female and 1 male patients
with ACDF with cage. Two of them underwent surgery at a single
level: one at the C5-6 level and the other at the C6-7 level, and
the last patient underwent surgery at C4-5 and C5-6. These
patients showed only unilateral vocal cord paralysis consistent
with RLN injury on indirect laryngoscopy. The observed RLN
complication resolved spontaneously in all these patients in
our series. The mean recovery time of dysphonia was 3 weeks
(range, 2-5 weeks). Asymptomatic RLN palsy was found in only
2 patients (4.34%) who underwent surgery at multiple levels:
one involved levels C5-6 and C6-7, and the other involved
levels C4-5 and C5-6. The average duration of surgery in these
2 patients was 200 minutes, and the average retraction time
was 57.5 minutes. The Cloward retraction range in both was
between 3-4 cm.

DISCUSSION
RLN injuries are frequently reported as ACSS-related
complications(4,8,9). Two terms for RLN injury appear in the
literature: the incidence of clinical dysphonia and vocal cord
paralysis as a result of RLN palsies. This is the first prospective
study to show the incidence of actual asymptomatic RLN palsy
after ACSS.
The proposed mechanisms of RLN injury were direct injury to
the nerve during exposure and traction injuries(1,10,11). Traction
injury can be accepted as stretch-induced neuropraxia(1).
Incorrect placement of the retractor or excessive retraction of
the larynx, entrapment of the nerve between the inflated cuff of
the ETT, and postoperative edema are the main types of these
injuries in which neuropraxia is caused by local ischemia(12).
Revision surgery and surgery requiring more extensive
dissection or retraction had a significantly increased rate
of injury(13,14). In a prospective study conducted by Curry and

Young(15), laryngoscopic examinations were performed before
revision ACDF and 17.3% (4 of 23 patients) of patients had
abnormalities. Paniello et al.(16) found that of 47 patients who
underwent screening for revision ACSS, 13 (26%) had laryngeal
abnormalities, including 11 cases (22%) who had vocal cord
paresis, 5 of whom were asymptomatic. In our cases, no clinical
or subclinical RLN palsy was observed in any of the patients
with previous ACDF surgery.
ETCPs and their effects on the mechanism of injury at the RLN
have been described in the literature by Apfelbaum et al.(17,18).
ETTs can cause nerve ischemia by exerting pressure on the RLN
and submucosal surface(19). In contrast, another prospective study
by Audu et al.(20) concluded that ETT cuff deflation/reflation and
pressure adjustment did not reduce the incidence of RLN injury
in ACSS. Nevertheless, in our cases, the ETT was adjusted to
a cuff pressure of 20 mmHg or less for standardization. And
ETCP monitoring with deflation during retraction was also
used in all patients. The reported incidence of RLN injury in the
early postoperative period after ACSS ranged from 0 to 15.4%
in prospective studies and from 0.2 to 7.9% in retrospective
studies(8,9,14,21-26). Zeidman et al.(27) reported a 0.2% retrospective
incidence of RLN palsy in 4,589 patients who underwent
surgical procedures such as anterior cervical discectomy, ACDF,
corpectomy, laminectomies, posterior arthrodesis, laminoplasty,
and cervical plating. A systematic review by Tan et al.(14) found
that the incidence of RLN palsy with vocal cord palsy after
ACSS ranged from 0.2 to 24.2%. Gokaslan et al.(28) conducted
a multicenter retrospective study as part of the AOSpine North
America Clinical Research Network and reported that the
incidence of RLN palsy after subaxial cervical spine surgery
ranged from 0.6 to 2.9% between centers. Consistent with the
literature, the incidence of clinical RLN palsy in our study was
6.52%.
Because RLN palsy is often subclinical, data on the incidence of
total RLN palsy are limited, whereas asymptomatic RLN injuries
were thought to be even more common(4).
The actual incidence of RLN palsy is understudied in the
literature, with some surgeons accepting it as a minor symptom,
short duration of this symptom, or even mostly asymptomatic.
RLN injury is usually asymptomatic but can manifest in a
spectrum ranging from hoarseness, vocal fatigue, dysphonia,
impaired phonation, dysphagia, aspiration to impaired cough
reflex, airway obstruction, stridor, and permanent tracheostomy(29).
Jung et al.(4) used preoperative and postoperative direct
laryngoscopy in patients underwent ACSS, including ACDFs,
cervical corpectomies, and anterior osteosynthetic fusion
procedures. They found that the incidence of asymptomatic and
symptomatic RLN palsy was 24.2%, with 15.9% of their patients
developing clinically silent RLN palsy after surgery. Dimopoulos
et al.(30) used intraoperative laryngeal electromyography to
predict the development of RLN palsy in 298 patients who
underwent ACDF. They detected significant laryngeal activity
in 14.4% of patients, of whom 2.3% developed RLN palsy. Our
incidence of subclinical RLN injury was 4.34%. We have assumed
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the intensity of retraction to be the sum of the retraction time
and the degree of retraction. Retraction must be applied for
a short period (<175 minutes) and relaxed intermittently(31).
We adhered to this rule of timing for retraction. The average
retraction time in our cases was 69.19 minutes. Although
our durations were not exceeded, RLN paresis occured. Some
authors prefer the use of hand-held retractors where the
pressure can be controlled(11). But with experienced hands,
static self-holding retractors, which we prefer, can also be an
effective and noninjurious method. In the Weisberg et al.(1)
cadaver model that supported stretch neuropathy, stretch
was significant only when the retractor opening was greater
than 3 cm, which corresponds to the degree of traction. In our
cases, the width of the retractor opening is usually about 2.8
cm. The width of the retractor is limited by the placement of
its blades under the longus colli muscle. Therefore, we placed
the retractor sufficiently under the longus colli muscle to place
it well. Possible explanations for our relatively low rate of
asymptomatic RLN palsies could be respect for the tissue, care
in handling blunt and sharp instruments, and use of careful,
periodically released retraction.
Study Limitations
The limitation of our study is the small sample size. Because
our study was conducted during the COVID-19 pandemic, the
number of elective surgeries decreased. Given the quality-oflife-impairing consequences of vocal cord paralysis, prevention
is important, no matter how low the incidence.

CONCLUSION
ACSS is the most commonly performed surgical procedure
for subaxial cervical spine pathology. Serious complications
await the surgeon if he does not pay attention to the course
and location of the RLN during ACSS. In this single centre
prospective study of asymptomatic RLN palsies after ACSS, the
incidence was 4.34%. Avoiding overly wide retractor opening
via the longus colli muscle anatomy and intermittent release of
retraction could reduce the incidence of RLN palsy.
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