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Abstract

:

The aim of this study was to describe the cognitive and speech results obtained after growth hormone (GH) treatment and neurorehabilitation in a man who suffered a traumatic brain injury (TBI). Seventeen months after the accident, the patient was treated with growth hormone (GH), together with neurostimulation and speech therapy. At admission, the flexible laryngoscopy revealed that the left vocal cord was paralyzed, in the paramedian position, a situation compatible with a recurrent nerve injury. Clinical and rehabilitation assessments revealed a prompt improvement in speech and cognitive functions and, following completion of treatment, endoscopic examination showed recovery of vocal cord mobility. These results, together with previous results from our group, indicate that GH treatment is safe and effective for helping neurorehabilitation in chronic speech impairment due to central laryngeal paralysis, as well as impaired cognitive functions.
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1. Introduction


Laryngeal paralysis appears as a consequence of an injury along its path of the nerve fibers that innervate this structure. It can affect any point of the central regulatory centers, the main nerve branches that emerge from them and the nerves that directly innervate the larynx [1,2]. That is why the symptoms that may occur will depend on whether the affectation occurs at the level of the central nervous system (CNS) or the peripheral nervous system (PNS). In any case, a person affected by laryngeal paralysis can present diverse and variable symptoms such as dysphonia, dyspnea, and dysphagia, with a risk of aspiration. These are not only due to impaired vocal cord motility and the initial phases of swallowing, but also to loss of laryngopharyngeal sensitivity [3,4].



Due to its anatomical characteristics, in lesions of the laryngeal nerve (superior and inferior), the left side is usually the most affected, with the inferior laryngeal nerve (usually known as recurrent laryngeal nerve (RLN) being the most frequently damaged. This usually occurs due to endotracheal intubation [5,6], during any surgery, penetrating or blunt trauma, or direct manipulation of the nerve during surgery in the area that can cause dissection, inflammation, and nerve damage from compression or neuropraxia [4].



The incidence of upper vagus nerve injuries is rare compared to inferior laryngeal nerve injuries [3]. Causes of upper vagal injuries can be the result of traumatic brain injury, stroke, tumors, cervical damage, or they can occur as a consequence of neurosurgical interventions [4,7]. They can affect the brainstem, skull base, and carotid bifurcation, all of which are also associated with vagal neuropathy [8]. In traumatic causes, a plausible explanation for lower cranial nerve deficits after jugular foramen fracture was that some cranial nerves were directly compressed by displaced bone fragments [9] or due to dense ossification [10]. Recurrent bilateral nerve palsy after head injury is a rare clinical possibility but can be life-threatening if not diagnosed correctly [11]. Vascular events involving, for example, the posteroinferior cerebellar artery leading to occlusion, may involve the nucleus ambiguus on the dorsolateral area of the bulb, leading to loss of motoneurons in this zone. Therefore, stroke in this area may be the cause of ipsilateral vocal cord paralysis [12].



Currently, it is already well known that the administration of neurotrophic factors, such as growth hormone (GH) or insulin-like growth factor-I (IGF-I), exerts important neuroprotective and neuroregenerative effects, both centrally and peripherally. In fact, our group was the first to achieve regeneration of vocal cords mobility in two cases: In one the damage had been caused by head trauma, with bulbar involvement [13], while in the other [14] the cause had been the removal of a bulbar astrocytoma that occurred in 1991 and was treated in 2006. In both cases, the recovery, after treatment with GH and neurorehabilitation, was complete, recovering mobility of the vocal cords, swallowing, etc. Later, a meta-analysis carried out by another group [15] confirmed our therapeutic approach, and gene therapy has recently been proposed for the treatment of this pathology [16].



In this study, we will describe the positive evolution of a patient, treated with GH and neurorehabilitation, who presented neurolaryngological and cognitive sequelae after a head trauma (TBI).




2. Case Report


2.1. Medical Background


A 57-year-old male patient, a former smoker, with no relevant medical history, suffered a fall from a ceiling 3 meters above the ground. When emergency services arrived at the scene of the accident, they observed occipital trauma and a low level of consciousness. He was transferred to the Emergency Service of a Spanish Third Level University Hospital, already presenting a right otorrhagia. A computerized tomography of the brain (Figure 1) revealed the existence of a subarachnoid hemorrhage and multiple skull fractures, mainly affecting the right occipital bone and extending to the condyle and occipital clivus. The patient was admitted to the intensive care unit (ICU).



In the following days, the patient developed intracranial hypertension refractory to medical treatment, for which a craniotomy with a left frontal lobectomy was performed. Subsequently, hydrocephalus and intracranial hypertension appeared, for which a ventriculoperitoneal bypass valve was placed. The patient was transferred back to the ICU, with a nasogastric tube and percutaneous tracheostomy. Initial phoniatric examination in the ICU showed a hypophonic voice, with poorly intelligible speech and poor articulatory definition. When trying to swallow with water, a cough appeared on the first sip, without desaturation. Subsequently, the patient began swallowing rehabilitation, which allowed the gradual reintroduction of liquid and solid oral nutrition.



During his stay in the ICU, the patient developed meningitis due to a ventricular catheter infection, which resolved with intravenous administration of meropenem and linezolid. A new ventriculoperitoneal bypass valve had to be placed, which he has been using ever since, and a titanium mesh cranioplasty was performed.



After experiencing a good medical evolution, the patient was transferred from the ICU to the rehabilitation area of the hospital, receiving hospital discharge 4 months later. Due to the existence of cognitive sequelae (limitation of executive functions due to apathy, and problems with verbal fluency, working memory, processing speed, and anosognosia) and neurolaryngological sequelae (mild dysphagia and hypophonia due to cord dysfunction), the patient began to attend to a Rehabilitation Center. In the subsequent follow-up, carried out at 5 months and 1 year after hospital discharge, the left vocal cord showed paralysis, in the paramedian position, a situation compatible with a recurrent nerve injury. The patient underwent cervical CT scan, not included in the article because it was normal.



Figure 2 shows the evolution of brain damage 1 year after the accident and before admission to the Medical Center Foltra.




2.2. Medical Treatment


After a blood test (hematometry, biochemistry, plasma levels of TSH and IGF-I, and tumoral markers CEA and PSA), a starting dose of GH of 1 mg/day/5 days a week was prescribed for 1 month. Then, the dose was adjusted, according to the parameters of blood tests carried out after 1 month of treatment and every 3 months later, to 1 mg/3 days a week for 3 months and finally at 0.8 mg/3 days a week for 3 months. The treatment was approved by the Ethics Committee of the Foltra Medical Center and was carried out with the signed inform consent of the patient’s legal representative and in accordance with national legislation and the Code of Ethical Principles for Medical Research on Human Beings of the World Medical Association (Declaration of Helsinki). No side effects attributable to the treatment carried out were observed, either during the treatment carried out or at discharge or after it. Only a slight increase in plasma IGF-I levels was observed, but within normal levels.




2.3. Neurorehabilitation


Rehabilitation included speech therapy and neurostimulation sessions 3 days a week, 45 min each, for 7 months.



2.3.1. Speech Therapy


The initial evaluation showed a marked tension in the masseter, cervical, and shoulder girdle muscles, with good execution of motor speech and mobility of the right tongue and palate. Before starting treatment, the GRABS perceptual evaluation of voice was 2-3-3-3-2 (values: 0 = absence; 1 = mild grade; 2 = moderate grade; 3 = severe grade). Therefore, exercises aimed at reducing muscle tension, vocal impedance activities, exercises to increase glottic coaptation without constriction, and vocal exercises with anatomical compensation of the affected side were carried out. Seven months later, the GRABS went to 1-2-2-2-1 (Figure 3). Speech modulation improved significantly. Although the patient was under the care of a single therapist, the speech therapy evaluation was performed by three different therapists, as we always do in these cases.



The re-evaluation showed recovery of the mobility of the left vocal cord, with complete opening, that is a normal cordal function, although slightly asymmetric and with some compensatory tension of the right laryngeal musculature (Figure 4). When performing forced inspiration and coughing, mobility is total and symmetrical (see supplementary video).




2.3.2. Neurostimulation


In the initial evaluation, important cognitive deficits were evidenced: dysexecutive syndrome; severe problems in hierarchical attention; and serious difficulties in immediate, recent, and late verbal and visual memory; as well as deficits in prospective memory. Likewise, there were difficulties in expressive language (especially when naming) and his speech was not very elaborated. There was anosognosia. Emotionally, there was great apathy, with disinterest in things and lack of initiative.



Neurostimulation includes mnesic techniques, electroacoustic stimulation, self-confidence stimulation, cognition tests and cognitive stimulation, etc.



After working on these neuropsychological deficits for 7 months, the patient became more aware of the injury he had suffered and some of the sequelae that he was still experiencing. A greater acceptance of the new situation was also observed. Sustained attention had increased and his ability to attend to various stimuli at the same time had improved significantly. There was also better control of inhibition against distracting stimuli. The patient was able to follow cross-talk and tolerate noisy surroundings. Little by little, his mood improved, just as his initial apathy diminished. At the memory level he made important advances. Regarding abstract thinking and expressive language, there was still a difficulty in communicating highly elaborate thoughts, using wild-card expressions. His capacity for frustration and social interaction also improved. The patient was better able to identify the emotions of others and his own. The cognitive tests carried out confirmed this evolution (Figure 5).






3. Discussion


Spontaneous laryngeal reinnervation is possible in lesions that affect the laryngeal nerve, even chronically, at least in animal models [17,18]. This can occur at the expense of a healthy residual nerve or adjacent nerves [19]. However, this regeneration is often incomplete and time dependent [20]. As a peripheral nerve, a cellular response of immune cells and Schwann cells (SC) is triggered in the distal nerve after laryngeal nerve injury, known as Wallerian degeneration. During this process, SCs lose their myelin sheaths and undergo dedifferentiation [21]. This allows SCs to subsequently proliferate in response to signals from regenerating axons to ensure that sufficient numbers of SCs are generated to replace those lost during injury and allow them to mediate remyelination [22]. This remyelination has also been observed in the central nervous system [20]. In experimental models, it has been observed that neurons are identified in the nucleus ambiguus ipsilateral to the injury after RLN injury, without affecting other territories of the brainstem or spinal cord. The majority morphology of these neurons is multipolar, with neurons displaced from the nucleus ambiguus [23].



Following recurrent laryngeal nerve injury, a release of several neurotrophic factors occurs, such as brain-derived neurotrophic factor (BDNF), ciliary neurotrophic factor (CNTF), neurotrophin-4, line-derived neurotrophic factor glial cell (GDNF), or nerve growth factor (NGF) [24]. That is why it has been theorized that a treatment with neurotrophic factors can stimulate nerve regeneration. During regeneration after RLN injury, differences in neurotrophic factor expression levels may have resulted in preferential reinnervation of the thyroarytenoid versus the posterior cricoarytenoid muscles [25].



According to the knowledge in this area, in patients with unilateral and even bilateral recurrent laryngeal nerve injury, surgical reinnervation strategies have been sought that improve muscle tone and allow medialization of the vocal cords, although with limited results in terms of recovery of their motility [26,27]. Research in this field led to medical treatments that can potentially restore laryngeal motility after acquired damage. For example, improvements in laryngeal motility have been reported after early treatment or co-treatment with drugs such as nimodipine or corticosteroids [28,29,30]. Furthermore, several experimental studies have shown encouraging results using gene transduction vectors or gene therapy using these neurotrophic factors targeting laryngeal muscle structures, motor endplate, and motor neurons [16]. Thus, in rats, the creation of recombinant fusion proteins, consisting of BDNF and GDNF fused with laminin-binding domains (LBD) to prevent diffusion of neurotrophins, and injecting LBD-BDNF, LBD-GDNF, and laminin into a collagen tube that was placed at the ends of the sectioned RLN led to acceptable functional recovery [31].



Our group was the first to demonstrate [13,14] a recovery of the ability to swallow and motility of paralyzed vocal cords (along with recovery from other neurological sequelae) in two adult patients after treatment with GH and speech therapy. Since one of these patients had undergone intensive speech therapy rehabilitation for a period of 15 years without any improvement, we concluded that GH treatment was responsible for the response to rehabilitation. The results presented here support our previous conclusions [13,14]. In this sense, we also demonstrated [32] that GH treatment is capable of inducing functional regeneration of the sciatic nerve after its section in rats, with a large proliferation of Schwan cells and complete recovery of nerve histologic morphology, something proven in studies later from other groups [33,34].



It has been shown that GH can act, in an autocrine and/or paracrine manner, as a signaling molecule to promote axonal growth during the development of the nervous system [35]. Even assuming that reinnervation occurred, as clinical data demonstrated, it is unclear how misdirection of the nerve fibers was corrected by GH treatment. However, in addition to the functional recovery of sciatic nerve after its section, we were able to fully promote distal innervation (sensitive, motor, and sphincters) in a child with caudal regression syndrome and sacral agenesis [36]. Therefore, GH administration (by itself or by inducing the expression of other neurotrophic factors) provided the resources to obtaining a response to speech therapy. The existence of spontaneous reinnervation can be completely ruled out in our study because of several reasons. First, while spontaneous recovery may occur after recurrent laryngeal nerve injury, it is unlikely to occur when more proximal vagus nerve involvement exists [25]. In addition, spontaneous innervations have been described in peripheral nerve injuries, but not after CNS lesions, as in the patient in this study and in the other two cases that we previously published [13,14]. Finally, but more importantly, the long period of time from the injury until the onset of the treatment clearly excludes spontaneous reinnervation as a factor responsible for the improvements observed.




4. Conclusions


Growth hormone actively participates in the recovery from laryngeal paralysis, promoting reinnervation and the gain of muscle tone as well as cognitive sequelae following a traumatic brain injury. It remains to be seen to what extent this hormone could be used in other circumstances where vagus nerve is involved differently than a brain event, such as for local damage or for its use in surgical reinnervation treatments. Although, given its effects on axon growth and myelination, it is likely that the administration of this hormone could be promising.
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Figure 1. Computed tomography of the skull on admission to the emergency room: (A) linear fracture without displacement of the right occipital condyle and right part of the occipital bone scale; (B) fracture of the posterior wall of the right glenoid cavity with a fragment displaced toward the interior of the external ear canal. Cranial extension of the scale fracture is also observed. (C) Bilateral frontal cortical/subcortical contusions and subarachnoid hemorrhage. Brain edema. (D) Cortical contusions affecting the poles of the temporal lobes. Cortical contusion in the outer third of the right cerebellar hemisphere. Sinus liquid/gas levels compatible with hemorrhage. 
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Figure 2. Evolutionary MRI: (A) Encephalomalacia of the external third of the right cerebellar hemisphere. (B) Bilateral temporal encephalomalacia. Ex vacuo dilatation of the ventricles. Bypass valve artifact at the right temporal cortex. (C) Bilateral frontal encephalomalacia with ex vacuo dilatation of the frontal horn. 
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Figure 3. Results of the GRABS scale before and after treatment. Note how the initial predominantly hoarse and airy voice was reduced to mild/moderate levels. 
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Figure 4. Changes in vocal cord mobility after medical treatment and rehabilitation: (A): (Pre-) left vocal cord in paramedian position during inspiration (white arrow); (B): (Post-) left vocal cord with complete and symmetrical opening (white arrow). 
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Figure 5. Results in neuropsychological tests before and after treatment: (A) WAIS-III executive functions test, with improvement compatible with an intermediate score; (B) Rey–Osterrieth complex figure test, with a significant percentage advance in memory, time, and precision; and (C) orientation subtest of the revised Barcelona test: good percentiles before and after treatment in spatial and personal orientation and a significant improvement in temporal orientation. 
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