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Abstract: Recurrent laryngeal nerve palsy remains a significant complication following minimally invasive
esophagectomy for esophageal cancer. Despite advancements in surgical techniques and lymphadenectomy
precision, the incidence of recurrent laryngeal nerve palsy has not been improved. Recurrent laryngeal nerve
palsy predominantly affects the left side and may lead to unilateral or bilateral vocal cord paralysis, resulting
in hoarseness, dysphagia, and an increased risk of aspiration pneumonia. While most cases of recurrent
laryngeal nerve palsy are temporary and resolve within 6 to 12 months, some patients may result in permanent
nerve dysfunction, severely impacting patient quality of life. Prevention strategies, such as nerve integrity
monitoring, robotic-assisted minimally invasive esophagectomy, and advanced dissection techniques, aim to
minimize nerve injury, though their effectiveness varies. Management of recurrent laryngeal nerve palsy
includes voice and swallowing rehabilitation, reinnervation techniques, and, in severe cases, surgical
interventions such as thyroplasty and intracordal injection. As recurrent laryngeal nerve palsy can lead to
significant postoperative respiratory complications, a multidisciplinary approach involving surgical precision,
early detection, and comprehensive rehabilitation is crucial to improving patient outcomes and minimizing
long-term morbidity in minimally invasive esophagectomy.
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1. Introduction

Lymph node dissection around the recurrent laryngeal nerve (RLN) is a critical component of
esophageal cancer surgery, especially in thoracic esophageal carcinoma, where metastasis to the
lymph nodes around RLN is frequently observed. The incidence of this RLN lymph node metastasis
in thoracic esophageal cancer is reported to be between 30% and 50% [1—4]. Although RLN lymph
node metastasis is associated with poorer overall survival compared to cases without nodal
involvement [3-5], comprehensive RLN lymphadenectomy has demonstrated efficacy in improving
survival outcomes and reducing local recurrence [6,7]. However, this procedure is technically
challenging due to the close proximity of the RLN, increasing the risk of nerve injury, which can lead
to vocal cord paralysis and aspiration.

Recent advances in minimally invasive surgery for esophageal cancer (MIE) have improved the
precision of lymphadenectomy, including the dissection of RLN lymph nodes, as evidenced by a
study showing a significant increase in the number of RLN lymph nodes retrieved compared to
traditional open approaches [8-10]. Also, the enhanced visualization provided by thoracoscopic
techniques allows for more precise dissection while reducing tissue trauma around the RLN,
minimizing the risk of RLN palsy. However, despite these advancements in surgical precision, the
incidence of postoperative RLN palsy has not significantly decreased between minimally invasive
and open surgical approaches, suggesting that while MIE improves lymphadenectomy accuracy, it
does not necessarily mitigate the risk of nerve damage [9-11]. This can be attributed to several factors.
First, the complexity of lymph node dissection around the RLN remains challenging, regardless of
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the surgical approach. Second, the prolonged operative time of MIE may increase the risk of RLN
injury. Furthermore, the improved visualization provided by MIE, which allows for better
identification of the RLN, may encourage more aggressive lymph node dissection in this region
compared to open thoracotomy, inadvertently raising the risk of nerve damage. As a result, RLN
palsy rates remain similar between MIE and open procedures, emphasizing the need for refined
surgical techniques and post-operative management to reduce RLN palsy and fatal complication.
Given those consideration, this review will address the ongoing issue of RLN palsy in MIE,
discussing current strategies and management to improve surgical outcomes and patient quality of
life.

2. Risk

Reported incidences of RLN palsy in MIE vary widely, with several studies documenting rates
between 11% and 88% with variations depending on the type of surgery, definition of RLN palsy and
patient population. [9,10,12-14]. Although it usually occurs unilaterally, mostly on the left side, 1.7-
15.9% of cases were bilaterally [1,12,14,15]. The left RLN is longer compared to the right side, which
requires a longer dissection distance, making it more prone to palsy. Additionally, since the approach
to the thoracic cavity is usually from the right side, the esophagus tends to be retracted forward
during dissection, causing significant flexion of the RLN via the esophageal branches, which can be
one of the reasons for the RLN palsy. The McKeown procedure, which involves a three-field
lymphadenectomy, is often associated with a higher risk of RLN injury due to extensive lymph node
dissection around the RLN, while Ivor Lewis has lower incidence of RLN palsy [16,17]. This can be
attributed not only to the omission of cervical lymph node dissection around RLN lymph node, but
also to the fact that aggressive lymph node dissection around the RLN is generally not required in
the patient for which this Ivor Lewis procedure is indicated. RLN palsy is also influenced by patient-
specific anatomical factors. According to a study published, a narrower RLN is more susceptible to
injury due to reduced resistance to traction and compression, as it offers less resistance to traction
and compression [18]. Additionally, preoperative CT imaging reveals RLN anatomical variations and
proximity to critical surgical areas, aiding in risk assessment and surgical planning [19].

The areas of upper mediastinal LN dissection are anatomically close to the RLN, and the
presence of large tumor or lymph node metastasis in this area increases the risk of direct nerve
trauma, traction injury, or thermal damage from electrocautery. The method of dissection, such as
blunt dissection, influenced the risk of nerve damage due to stretching or compression [20]. Thermal
damage is another significant risk, as the heat generated during hemostasis or tissue dissection can
inadvertently affect the RLN, leading to nerve dysfunction [21]. Especially under a wet condition, the
high temperature of steam from energy device can easily cause thermal damage and recommend
steam safe distances of 3mm for ultrasonic device and 10mm for bipolar sealing device [21].

Most of the cases of RLN palsy results in temporally impairment which would recover within 6-
12month [22,23]. However, permanent nerve dysfunction would happen if the nerve were completely
transected or extensively damaged beyond its capacity for self-repair. Permanent RLN palsy occurs
in approximately 4-13% of cases following esophagectomy [12,24], particularly when aggressive
dissection is required near the nerve’s pathway [25]. If symptoms persist beyond six months to one
year, the likelihood of complete recovery diminishes significantly [22,23] and further treatments, as
described later, would be necessary.

3. Influence

In the early postoperative period, RLN palsy can lead to unilateral or bilateral vocal cord palsy,
resulting in hoarseness, dysphagia and an impaired ability to cough effectively [12,14,24,25].
Hoarseness is one of the most common symptoms of RLN palsy which affect the movement of vocal
code and impacts the patient’s ability to communicate. However, some cases do not cause hoarseness
even RLN palsy had occurred. This is because the vocal cord on the unaffected side would
compensatory move towards the affected side, allowing for glottic closure and vocalization.
Therefore, RLN palsy cannot be accurately diagnosed just by the presence of hoarseness alone and
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needs laryngoscope for exact diagnosis. RLN palsy also causes compromises glottic closure by
impairment of elevating hyoid bone [26] and results in dysphagia and ineffective cough. Dysphagia
after esophagectomy makes oral intake difficult due to incomplete closure of the glottis and
weakened swallowing function, leading to poor quantity of food intake and worsening quality of life
[27]. Ineffective cough results in reduced intrathoracic pressure generation necessary for an effective
cough reflex. This inability to close glottis can also cause impairment of airway protection, which
may lead to aspiration and further lead to pneumonia. This aspiration pneumonia is one of the most
common and serious postoperative complications caused by RLN palsy, prolonging hospital stay and
increasing morbidity [12,28-30]. On the other hand, RLN palsy itself does not necessarily contribute
to pneumonia-related mortality or overall survival [12,30-32]. Although further evaluation is needed,
this indicates that RLN palsy would induce respiratory complication in the short-term but may not
have significant impact on long-term prognosis.

4. Prevention

To prevent RLN palsy and ensure sufficient LN dissection around RLN, the most important
consideration is to perform the dissection at the anatomically appropriate plane (Figure 1 and Figure
2). This does not mean isolating the RLN by digging this nerve out from the surrounding adipose
tissue, but rather dissecting the mesentery-like tissue that contains the lymph nodes around the nerve
[33]. Achieving this requires not only a thorough understanding of the relevant anatomy but also
adhering to fundamental surgical techniques, such as minimizing bleeding to maintain a clear view
of the anatomical structures, avoiding rough manipulation around the nerve, and refraining from the
use of energy devices in close proximity to the nerve. Based on those principles, recent efforts have
introduced various techniques to further reduce the risk of RLN injury such as the concept of
maintain RLN anatomical position to avoid any stress on the RLN [34], use of mini-clips [35],
magnetic anchoring [36] and elastic suspension of left RLN [37].

Figure 1. Dissection of right RLN lymph nodes using a robot. a) Dorsal side of lymph nodes along the
right recurrent laryngeal nerve (RLN) are being dissected as the same plane with dorsal side of the
esophagus. This figure demonstrates that the lymphatic chain forming these nodes exhibits a
mesenteric-like structure. b) The lymphatic chain is dissected from the trachea, with the right
recurrent laryngeal nerve and subclavian artery serving as the base, resembling a mesenteric
structure. c) As the lymphatic chain is dissected dorsally from the right subclavian artery, the
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recurrent laryngeal nerve (black arrowhead) naturally becomes visible under the thin membrane. d)
After dividing the esophageal branch of the recurrent laryngeal nerve and dissect from lateral wall of
the trachea, en bloc resection of the lymphatic chain will be possible (yellow dots).

Figure 2. Dissection of left RLN lymph nodes using a robot. a) A stable surgical field is achieved by
retracting the esophagus dorsally with gauze and using the robot to fix the trachea in place. b)
Dissection of the left side of the trachea from the lymphatic chain. The use of the robot allows precise
hemostasis while maneuvering over the trachea. c) The sympathetic cardiac branch (black arrowhead)
is revealed behind the thin membrane, as the lymphatic chain is flipped up. d) The left RLN (white
arrowhead) and its esophageal branch has been preserved, after flipping up the lymphatic chain.

The use of Nerve Integrity Monitor (NIM) is also an effective method to reduce the incidence of
RLN injury during esophagectomy. The principle of NIM involves the placement of electrodes on the
vocal cords via an endotracheal tube, which detect electromyographic (EMG) signals from the vocal
code. When the RLN is stimulated by electrical impulses during surgery, the resulting EMG activity
provides real-time feedback on the nerve’s functional integrity, allowing for precise identification of
RLN and avoid inadvertent nerve damage during surgery (Figure 3). Several studies have
demonstrated that the usage of NIM significantly decreases the risk of RLN palsy compared to
traditional surgical methods [38-41]. Furthermore, continuous NIM provides real-time feedback on
RLN function by continuously assessing electromyographic signals from the vocal cords, providing
immediate feedback on RLN function throughout the surgical procedure [42,43]. This real-time
feedback alerts the surgeon to any impending nerve injury, enabling immediate corrective actions,
such as adjusting surgical maneuvers, thus preventing permanent RLN damage. However, there are
some limitations in this continuous NIM, such as the need for specialized equipment and extra
surgical time to attach sensor to cervical vagal nerve before approaching to RLN.
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Figure 3. Schematic diagram of NIM (Nerve Integrity Monitoring). This diagram illustrates the
mechanism of electrical stimulation of the vagus and RLN, which causes vocal cord movement
detected via sensors attached to the endotracheal tube. The process is as follows: 1) The RLN is
stimulated with a current of 0.5-1.0 mA. 2) The vocal cords move in response to the stimulation. 3)
The sensor detects this vocal code movement. 4) The signal is transmitted as electrical impulses
through the cord of NIM endotracheal tube. 5) The stimulation is displayed as an electromyographic
signals on the NIM monitor.

Robot-assisted minimally invasive esophagectomy (RAMIE) has gained attention as a promising
approach to reduce RLN palsy during esophageal cancer surgery. Using the robot, those enhanced
dexterity, precision, and three-dimensional visualization offered by robotic systems are thought to
facilitate meticulous dissection along the anatomical layers, potentially lowering the risk of RLN
injury compared to conventional MIE [44,45]. However, the benefits of RAMIE in preventing RLN
palsy are not universally accepted [46,47]. The reason for this may be due to the strong forces exerted
by the use of the robot, which can result in more forceful retraction of the esophagus and increased
flexion of the nerve, potentially contributing to RLN palsy. To demonstrate the effectiveness of
RAMIE for RLN palsy, prospective, multicenter trials with standardized methodologies are essential.

As a new approach, the use of artificial intelligence (AI) in preventing RLN palsy during
esophageal surgery has shown promising potential [48]. Al systems enhance RLN preservation by
utilizing real-time image analysis and machine learning algorithms. However, there remain some
issues including the need for large datasets for Al training and difficulties in integrating Al into
clinical workflows.

5. Management

If the RLN has been severed or irreversibly damaged during surgery, reinnervation techniques
are critical for restoring laryngeal function and improving patient outcomes. Although primary end-
to-end anastomosis is desirable for RLN repair, usually both nerve stumps are not available.
Laryngeal reinnervation using the ansa cervicalis nerve to the RLN can be performed even when the
proximal RLN stump is not available, and this procedure has been shown to improve glottic closure,
vocal quality, and reduce aspiration by redirecting motor inputs from the ansa cervicalis to the
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denervated laryngeal muscles [49,50]. This nerve anastomosis is performed using 7-0 or 8-0
polypropylene, and is typically carried out under a microscope by plastic surgeons. Although this
technique does not fully restore normal nerve function, they significantly enhance laryngeal
competence and voice quality compared to non-reinnervated cases.

When recurrent nerve palsy occurs, its treatment differs depending on whether it is bilateral or
unilateral. Patient with bilateral RLN palsy has a narrow rima glottidis, impaired airway function
and inspiratory dyspnoea. This complication can be fatal especially in postoperative esophageal
cancer patients due to high sputum production by thoracic procedure and longer operation time and
often leading to life threatening respiratory distress. Although about two third of patients with
bilateral RLN palsy could avoid tracheostomy according to previous reports [12,14,15], this
tracheotomy should not be delayed in order to avoid fatal complications, as the tracheal tube can be
removed once the patient's condition improves. In the case which bilateral RLN palsy lasted for long
without severe complication but glottic stenosis had not improved, laser cordotomy can be
considered [51]. Although this procedure may improve airway patency, consultation with an ENT
specialist is essential to determine the appropriate indication.

When RLN palsy occurred unilaterally, or bilaterally but without any respiratory distress, the
following management would contribute to patient recovery. Rehabilitation is a critical component
in the management of RLN palsy, aiming to restore vocal function, improve swallowing, and enhance
overall quality of life. Voice therapy targeted exercises that strengthen the laryngeal muscles,
improve glottic closure, and enhance breath support during phonation [52,53]. Swallowing
rehabilitation is also crucial for patients with RLN palsy who experience dysphagia and aspiration
risk. Swallowing therapy often includes exercises that strengthen the muscles, improve airway
protection, and facilitate bolus clearance [54,55]. In addition to those rehabilitation, combination with
neuromuscular electrical stimulation targeting the pharyngeal muscles demonstrated certain efficacy
in preventing aspiration in stroke patients [56,57]. Although further investigation is needed to
establish its effectiveness in the condition of RLN palsy, this technique may hold potential for
preventing aspiration in those RLN palsy patients.

Usually, the RLN palsy improves within a few months, and if aspiration can be prevented during
this period through rehabilitation, the problem is solved. However, if the RLN palsy does not
improve and aspiration continues, surgical intervention, such as intracordal injection, thyroplasty
and arytenoid adduction, would be the next treatment options [58,59]. Intracordal injection involves
injecting materials such as autologous fat, collagen, or synthetic fillers into the paralyzed vocal fold
to improve glottic closure and voice quality [58-61]. This procedure is minimally invasive and can be
performed under local anesthesia. However, multiple intervention may be necessary to maintain the
effect as the injected material can be reabsorbed over time. Thyroplasty, specifically Type I
thyroplasty, involves implanting a silicone or other synthetic material medially within the thyroid
cartilage to reposition the paralyzed vocal fold [58,59]. This procedure is designed to provide a
permanent improvement in voice quality and glottic closure. It is highly effective in patients with
unilateral vocal cord palsy, as it restores vocal fold tension and improves voice projection. Arytenoid
adduction is a more complex surgical approach that repositions the arytenoid cartilage to improve
glottic closure by mimicking the normal position of the vocal fold during phonation [59,62]. This
technique is particularly beneficial when there is significant posterior glottic gap that cannot be
adequately addressed by thyroplasty alone.

If aspiration pneumonia is repeated despite these efforts, laryngotracheal separation, specifically
the Lindeman procedure [63], may be necessary to prevent aspiration by separating the larynx from
the trachea. In recent years, various innovations have been added to this technique and have
demonstrated improved safety profiles and reduced complications, making them valuable
alternatives to the traditional Lindeman procedure [64,65]. However, speech function is permanently
lost even with these technological advances. To avoid this situation which has a significant impact
on quality of life, it is necessary to place emphasis on preventing severe RLN injury during surgery.
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6. Conclusions

RLN palsy remains a significant challenge in MIE, with varying incidence rates depending on
surgical techniques and patient factors. While RLN palsy can lead to complications such as vocal cord
dysfunction, dysphagia, and respiratory issues, its impact on long-term survival is uncertain.
Preventive measures like NIM and RAIMIE might be useful, but further validation is needed.
Management strategies, including rehabilitation and surgical interventions, aim to restore function
and improve outcomes. Future research efforts should focus on refining preventive measures and
optimizing therapeutic interventions to mitigate the impact of RLN palsy on patient quality of life
following esophagectomy.
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