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Introduction:

Syndrome of Inappropriate Antidiuretic Hormone (SIADH) is a condition in which the body has normal
adrenal cortical function and normal systemic sodium levels, but an “inappropriate” concentration of
antidiuretic hormone (ADH) in relation to body fluid osmolality."® SIADH is a fairly common condition,
accounting for up to one-third of all cases of hyponatremia.’ It can be caused by a variety of conditions,
including brain trauma, hormone-producing neoplasms, advanced age (idiopathic), genetics, nervous
system or pulmonary disorders, medications, endocrine disease, immunosuppressive disease, and
activities such as endurance exercise.? ® Given the wide range of etiologies, SIADH is often broken down
into five main categories: malignancy, lung disease, central nervous system disease, drug use, and
miscellaneous.® Treatment of SIADH is often two-pronged: first, treating the hyponatremic state that is
caused by the condition, and second, addressing the underlying etiology of the SIADH.* ®® Hyponatremia
treatment is largely dependent on the severity and duration of onset, but the overarching goal is to
increase serum sodium levels without secondary neurological complications. This goal can be achieved
through the use of hypertonic saline, loop diuretics with saline, vasopressin-2 receptor antagonist and

fluid restriction.”

If sudden and severe, hyponatremia can lead to encephalopathy and the development of an acquired
brain injury (ABI)." These injuries can have significant physical, psychological and visual sequelae,
which if not managed properly can lead to substantial reductions in quality of life. Proper management
involves comprehensive assessment, appropriate therapy tailored to boost the natural neuroplasticity

process of the brain, and patient education.
Case Report:

A twenty-four-year-old Active Duty Military Caucasian male reported to the Southern Arizona Veterans
Affairs Health Care System's (SAVAHCS) Traumatic Brain Injury (TBI) eye clinic for evaluation and
treatment of constant bilateral visual blur, right-sided peripheral vision loss and difficulty reading. The
patient denied any medication use. His ocular history was significant for a congenital constant right
esotropia, longstanding reduced depth perception, and bilateral overacting inferior oblique muscles. He

reported spectacle wear beginning at age five years, but denied any history of previous vision therapy or
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treatment for his esotropia. His medical history was significant for a brain injury incurred approximately

four months prior during Basic Military Training.

An extensive review of the patient's medical record revealed that eighteen weeks prior he was
transported to an emergency room for treatment after being discovered ill in his bunk. Upon presenting to
the emergency room, the patient's condition worsened: he became incoherent, suffered a seizure, and
developed acute respiratory failure. Diagnostic testing including laboratory work-up, radiology studies,
and electroencephalogram (EEG) was performed, and the patient was found to have severe
hyponatremia with a serum sodium level of 108 mmol/L (normal 136-145), leukocytosis, with a white
blood cell (WBC) count of 26.2 10%mm? (normal 4.3-9.5), and rhabdomyolysis, with a creatine
phosphokinase (CPK) value of 3,475 IU/L (normal 39-308 IU/L). Other findings included fever, dysphagia,
and an irregular delta wave with generalized slowing on EEG consistent with mild acute encephalopathy.*
Magnetic resonance imaging (MRI) of the brain showed generalized hyperintensity also consistent with
mild encephalopathy. All other diagnostic testing including serum and urine analysis, chest x-rays, and

lymphatic vessel density values was normal.

The patient received rapid treatment for his hyponatremia with intravenous (IV) hypertonic saline to
increase serum sodium levels. While no evidence of infectious pathogens were detected in either serum
or urine samples, the patient was also given IV broad spectrum antibiotics as his elevated WBC count
and fever raised suspicion of possible bacterial infection. Given the patient's severely hyponatremic state
in the context of his normal extracellular volume (euvolemia) and hormonal levels, he was diagnosed with
an acute episode of SIADH with a secondary moderate anoxic brain injury.1 The patient spent
approximately one month hospitalized for his injuries, then spent one week in a non-military inpatient

rehabilitation facility for treatment of mild aphasia, ataxia, and right hemiparesis.

Two months after the initial incident, the patient transferred his care to the SAVAHCS, where he was
enrolled for healthcare and rehabilitative services secondary to his anoxic brain injury. His initial visit was
in the SAVAHCS Eye Clinic for a neuro-ophthalmology consult. Evaluation revealed best-corrected visual
acuities (VA) of 20/30"" OD and OS, saccadic dysfunction, oculomotor (fixation) dysfunction, and a

complete right homonymous hemianopia (Figure 1). The neuro-ophthalmologist referred the patient to
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the TBI eye clinic for additional evaluation and treatment and ordered a repeat MRI of the brain (Figure

2), which revealed regions of hyperintensity of the left occipital lobe consistent with areas of increased

metabolic function after brain damage.’

Eighteen weeks after the initial incident, the patient presented to the TBI eye clinic for evaluation where
the authors became involved with his care. His detailed chief complaints included mild bilateral visual
blur, right-sided vision loss with trouble ambulating, and reading and information processing difficulties. A
detailed examination was conducted (Table 2). Relevant findings included best-corrected VA OD 20/32,
and OS 20/20?, a 2® constant right esotropia at distance and near, a right homonymous hemianopia
bifurcating fixation and inveolving 40 degrees of the patient's right visual fields, saccadic dysfunction with
2" overshooting worse in right gaze, and a visual information processing dysfunction of abnormal form
constancy with a Test of Visual Perceptual Skills (TVPS, 3" ed., Academic Therapy Publications, Novato,
CA) score of zero (equivalent age < 4 years old). Accommodative function testing was conducted and
revealed reduced accommodative amplitudes of 6.50 D OD and 6.75 D OS. Throughout the examination,
the provider conversed with the patient covering a wide variety of topics to assess the patient's range and
severity of symptoms. The patient's responses, along with the exam findings, were taken into account

when developing the visual management plan.
Visual Rehabilitation:

Vision rehabilitation was chosen to manage the patient's visual symptoms with a therapy plan focusing on
techniques to improve oculomotor skills and visual exploration. Visual exploration training, reinforced by
ongoing occupational therapy, would address his ambulation concerns. Training consisted of a one-hour
in-office session every week with an experienced vision therapist and daily at-home supplemental

activities (Table 1).

The patient returned for re-evaluation after five weeks of vision therapy. Post-vision therapy results were
generally positive (Table 2). He displayed improvement in his saccadic and visual information processing
functions in addition to a significant reduction in his visual symptoms. Saccadic testing revealed trace
overshooting and his TVPS form constancy score increased from zero to 16 (equivalent age 218 years

old). Moreover, the patient noted a complete resolution of his reading difficulties and stated that extended

3
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reading sessions had become comfortable and enjoyable again. He also reported an improvement in his
reading comprehension and memory. Finally, the patient described improved ambulation and felt as

though his hemianopia was not inhibiting his daily activities.

The patient underwent a total of thirty-six weeks of vision therapy. At the final encounter, the patient
continued to show a persistent right homonymous hemianopia, but displayed stable saccadic,
oculomotor, and visual information processing skills. He denied any return of his initial visual symptoms
and expressed pleasure at the improvement in his visual skills. He was instructed to continue his

previously prescribed home-based therapy as a maintenance mechanism.

Discussion:
Syndrome of Inappropriate Antidiuretic Hormone

One of the leading causes of hyponatremia, SIADH is a condition in which antidiuretic hormone is
produced in excessive levels in relation to the body’s normal osmolality.”® SIADH etiology is generally
grouped into five main categories: malignancy, lung disease, central nervous system disease, drug use,
and miscellaneous.?® It can affect individuals of any age and health level, but is typically seen in
individuals of poor health suffering from chronic disease states.” The amount of antidiuretic hormone
(ADH) secreted by the pituitary gland is based primarily on the concentration of extracellular solute ions
(mainly sodium) in the body.2 It acts on the collecting duct of the nephrons causing increased resorption
of water.? With higher serum ADH concentrations, more water is reabsorbed into the blood stream
thereby causing dilution of serum and resulting in hyponatremia. As this process continues and less
water is passed through the kidneys, the urine solute concentration increases, leading to urinary

hypernatremia.?

The clinical diagnosis of SIADH is largely a diagnosis of exclusion.® ® There are multiple conditions that
should be ruled out prior to a diagnosis of SIADH including but not limited to: cerebral salt wasting,
cardiac failure, hyperglycemia, vomiting, diarrhea, and polydipsia or polyuria.’ Current key diagnostic
guidelines (Table 3) include normal adrenal cortical and thyroid function, normal water body concentration

(euvolaemia), hyponatremia <135 mmol/L and effective serum osmolality <275 mOsm/kg, urinary sodium
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concentration >40 mOsm/kg and no recent use of diuretics.™ Once these key guidelines are met, SIADH
can further be classified into four subtypes (Table 4), depending on specific clinical findings.> Regardless
of subtype, treatment of hyponatremia resulting from SIADH is largely dependent on severity and
symptomology. In the case of this patient, clinical testing and a thorough medical review ruled out any
current or historic pathologic or malignant condition as well as drug use. This narrowed the cause of the
patient's SIADH down to the miscellaneous category, which includes subcategories of transient SIADH
secondary to nausea, pain or stress, hereditary SIADH, exercise associated SIADH, and idiopathic
SIADH.® The patient had no previous episodes of SIADH, nor did he have any family history of SIADH.
Prior to the onset of SIADH, the patient was in the early phases of Basic Military Training with the United
States Army. He was in a high stress environment and was undergoing intensive physical activities. In
addition, he was required to partake in specific meal and hydration plans. Any of these factors could
have triggered the episode of SIADH. While over-hydration was hypothesized as a possible determinant,

the exact causation was never pinpointed, leading to a generalized diagnosis of idiopathic SIADH.

Hyponatremia may result in a range of symptoms, depending largely on the chronicity and severity of the
condition. Low-level hyponatremia may have symptoms of mild headache, confusion, concentration and
memory lapses, as well as stability and gait changes.'? As the severity of hyponatremia increases,
symptoms rapidly elevate and can include limb weakness, disorientation, psychosis, seizures, and
respiratory arrest.” In cases of moderate to severe acute hyponatremia (serum sodium <125 mmol/L in
<48 hours), encephalopathy can occur due to the rapid change in extracellular osmolality. If not treated
promptly, this cerebral edema can result in brain herniation, significant brain damage and even death.?®
The patient in this case was diagnosed with a moderate to severe case of acute idiopathic SIADH. His
severe hyponatremic state resulted in both respiratory arrest and cerebral edema, both of which

contributed to the development of his anoxic brain injury.
Acquired brain injury:

Acquired brain injury (ABI) is a non-congenital injury to the brain. For patients to be diagnosed with an
ABI, they generally must have one or more of the following causative conditions documented in their

medical record: a period of decreased consciousness level, amnesia, skull fracture, neurological and/or



135
136
137
138
139
140
141
142
143
144

145

146
147
148
149
150
151
152
153
154
155
156

157

158
159
160

161

neuropsychological abnormalities, and/or intracranial lesion(s).® The two main ABI categories are
traumatic (TBI) and non-traumatic.® Traumatic brain injuries are fairly common and have a significant
burden on the healthcare system. In the United States over 3.5 million people or approximately 1% of the

population, suffered a traumatic brain injury in 2009 alone®°

. This accounts for $56 billion in long-term
health costs annually.‘o*10 TBIs result from penetrating or non-penetrating (concussive) forces on the brain
and have gained national attention over the past decade in pastimes such as the National Football
League (NFL®) and with military activities including Operation ENDURING FREEDOM (OEF), Operation
IRAQI FREEDOM (OIF), and Operation NEW DAWN (OND)."""® In fact, TBIs have been characterized

as the “signature injury” of recent military operations as studies have shown TBls to be present in up to

9.6% of all OED, OIF, and/or OND veterans, and in 80-93% of veterans who received polytrauma care.”"

13

TBIs can be classified as mild, moderate, or severe with mild TBIs being most prevalent (80%).° While
not as common, non-traumatic brain injuries encompass a wide range of etiologies ranging from anoxia
and metabolic disorders to stroke, neoplasm and even medication use.” Data on non-traumatic ABIs are
not as robust as with TBIs. In 2013, all causes of non-traumatic ABls were estimated to have an
incidence of 917,000 annually in the United States.'® Of the multiple potential causes of ABls, cerebral
vascular accidents are the most common (85%) followed by tumor (7%) and then aneurysms (:3%).1‘*15
Anoxic brain injuries are rare, and national data is not available on their prevalence at this time. While
overall healthcare costs for non-traumatic brain injuries are not currently available, healthcare costs
related to strokes alone is estimated at $34 billion annually.™ Brain injuries often result in both short and
long-term physical, cognitive and psychological symptoms, including visual dysfunction. As such, patient
management including proper diagnostic evaluations and therapeutic management is critical to long-term

recovery ** '®

The sequelae and recovery of ABI largely depend on the location, severity, and chronicity of damage ®% '

The brain is capable of biochemical, physiological and anatomical recovery and reorganization (i.e.
neuroplasticity) at any stage in life."”'® The neuroplasticity process is naturally occurring and can be

. = 3 v 17
broken down into two main categories or phases: recovery and compensation. " The recovery phase
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involves affected tissue recovering its initial function.™ In the compensation phase new tissue takes over

a function originally performed by the damaged tissue.’® These phases are not mutually exclusive and

often occur synergistically.

When it comes to rehabilitation or active engagement of the recovery and compensation phases of
neuroplasticity, providers should be cognizant of neural strategies for improvement.'® After injury, it is
very common for patients to develop avoidance patterns on tasks they now find difficult. Lack of
engagement hinders the neuroplasticity process, minimizing the ability of the patient to recover and adapt
to their post-ABI state. Therefore, rehabilitation should be aimed at actively engaging the patient, and
should involve three basic stages: resuscitation, recruitment, and retraining.18 Resuscitation means
engaging the previously damaged regions of brain tissue, recruitment involves engaging new brain tissue
regions; and retraining focuses on training either damaged or normal tissue to perform new tasks.'®
Finally, providers should be aware of the general timeline for ABI recovery. Studies reveal that visual
recovery peaks between three and six months post-brian injury in stable disease.'®? After six months, it
is unlikely that further recovery vis resuscitation will occur. However, the ability of the brain to adapt via
recruitment and retraining does not decrease, and can persist indefinitely, given continued patient

18-20
engagement. 2

The patient in this case began vision therapy while in the peak phase of ABI recovery, and concluded
active vision therapy almost nine months after his initial injury. While the patient presented with
significant symptomology and oculomotor dysfunction, he had largely been avoiding the activities causing
him the greatest ocular discomfort. Active engagement via vision therapy targeted the patient's
rehabilitative pathways and resulted in significant improvement of this patient's skills and in the near
complete relief of his reported symptoms. At nine months post-injury, it is highly unlikely the patient would
experience any additional improvement in his visual system because the neuroplasticity process of
resuscitation is likely complete. However, the patient might benefit from continued therapeutic
intervention as maintenance mechanisms to strengthen his newly re-developed visual pathways. In fact,
throughout his treatment regimen, the patient continued to express his satisfaction with his treatment

plan, and when asked, maintained that he felt the therapy was beneficial for him in improving his visual
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function. As demonstrated in this case, the ability of providers to recognize the phases of the
neuroplasticity process and the typical recovery timeline can enhance rehabilitative outcomes by guiding

patient-specific management strategies to maximize the rehabilitative process.'”'® %

Visual dysfunction secondary to ABI can impact every part of the visual system due to the complex
afferent and efferent nature of the visual pathway, and the high degree of cognitive interpretation. ®® '
Patients often report long-term symptoms across multiple facets of their visual system including
oculomotor dysfunction (0-56%), photophobia (0-16%), visual blur (18-66.7%), dry eye (9-10.4%), visual
field loss (0-38.8%), diplopia (3-40%), and information processing dysfunction (51-59%).2%% Due to the
prevalence of these symptoms, patients often present to their local eye care provider seeking evaluation

and treatment.

Regardless of the nature of the ABI, a comprehensive evaluation of the visual system is critical in
identification and quantification of visual sequelae. These sequelae can be broken down into four main
categories: ocular motility, visual information processing, accommodation/vergence, and visual field
defects (Figure 4). Within these categories, providers should ensure binocular vision testing is conducted
to provide quantitative evaluations of visual function. Goodrich et al. developed excellent guidelines for
examining patients with TBI as part of their Delphi Study.26 These guidelines include seven procedures
recommended for each TBI evaluation to assess the main oculomotor categories of visual sequelae, but
do not include assessments of visual processing.?® At a minimum, testing should include evaluations of
best-corrected visual acuity, extra-ocular movement, cover test, near point of convergence, saccades,

pursuits and fixation.'* *®

Accommodation and vergence assessments should include amplitude and
facility. Visual fields should be evaluated utilizing confrontations. If a deficit is suspected, automated
visual field testing should be performed. Finally, while not as common in the general optometric
repertoire, providers should evaluate the patient's visual information processing system including testing
for visual neglect and memory, form constancy, midline shift, automaticity and spatial awareness.?' By
evaluating these regions, providers will be able to determine the type and extent of the patient's visual

dysfunction (Table 5) allowing for development of an appropriate management plan. '® '* %22
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The patient in this case had ABI-related sequelae involving multiple systems including vision, speech, and
fine and gross motor muscle control. His visual system sequelae included oculomotor, visual field, and
visual information processing deficits. His fixation and saccadic dysfunction, specifically his saccadic
overshooting worse in right gaze, can be attributed to the dense scotoma in his right visual field. The
patient could track a moving object (pursuit), but as it moved into his right field scotoma, he lost the object
and overshot his fixation, having to track back and re-fixate using his functioning left visual field to locate
the object again. In the area of visual-perceptual skills, testing revealed the patient suffered from reduced
form constancy, which is the ability of a person to perceive an object and find it among other forms,

regardless of size, orientation or color.?”*

Abnormal form constancy can 1) affect a patient’s reading
ability -especially with changes in font style, color or size-, 2) impact spatial awareness including size
constancy and distances-, and 3) cause problems with attention and focus.?® In this case, the patient's

reduced form constancy at his initial neuro-ophthalmology visit and early TBI eye clinic visits may have

contributed to his mild reductions in visual acuity.

As was demonstrated in this case, proper management of visual dysfunction often involves active
rehabilitation in the form of vision therapy. Vision therapy is widely used to treat a multitude of visual
dysfunctions, and multiple studies have shown its effectiveness for treating disorders of the visual system,

21,30-32

especially in ABI patients. Thiagarajan et al. noted up to an 80% improvement in the visual status of

mild TBI patients after only six weeks of bi-weekly therapy sessions.* Therapy should focus on the
regions suffering deficits and, if managed properly, it may bolster the natural neuroplasticity process.'”'®
20.%0 There are a multitude of vision therapy tasks that can be chosen and tailored specifically for the
patient's visual dysfunction.'® ?>?* % The key to maximizing patient recovery is maintaining active patient
engagement.”’1a As such, providers should be aware of the various uses of vision therapy activities and
understand that any one particular activity can be modified to target desired visual functions, maintain

appropriate challenge levels, and enhance patient interest levels.'® %

Madification will also help prevent
false positive gains secondary to patient familiarity with a given task. For example, a patient may be
presented with a rotator and asked to follow a specific target around as the table rotates; this activity
primarily engages the oculomotor (fixation and pursuit) system. As the patient begins to master the task,

the provider can make the task more complex by giving the patient pegs to place on the rotating board in
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different patterns, requiring the patient to follow specific color schemes or placement strategies while
placing those pegs, providing distractions in the form of extraneous noise (e.g., music, requiring the
patient to state certain words or carry a conversation) or even requiring the patient to maintain certain
postures (e.g., sitting, standing on one leg, balancing on a balance board, etc.) while performing the
activity. Any task can be modified and keeping that concept in mind aids providers in developing and

adjusting therapeutic management to maximize patient engagement and recovery. Ll

In addition to the visual system, providers should also be aware of the psychological and physical
sequelae from which ABI patients may be suffering. Studies have shown that intensive therapy targeting
the sequelae of ABIs can lead to earlier and more long-term improvement in symptoms. 2.3 These
patients should receive appropriate systemic rehabilitative care as early in their recovery phase as
pos.sible,zg Rehabilitative therapy with active patient engagement is key to maximizing recovery, not only
through the visual pathways that eye care providers are so familiar with, but also through other disciplines
such as physical and/or occupational therapy.'® '®'® 2 *® providers should determine if their patients are
receiving appropriate systemic care for their ABI, and if not, have a general network of health care
providers to which they can refer their patients for additional rehabilitative services. The patient in this
case was enrolled in the Veterans Affairs Polytrauma System of Care and received care for the multiple
systems impacted by his ABI including visual and occupational therapies. Specialists were able to
actively monitor the patient's progress in all facets of therapy and communicate with fellow healthcare
providers when necessary. This interdisciplinary approach ensured the patient was receiving appropriate
healthcare for his sequelae and helped to bolster the rehabilitative process. Regardless of patients’
backgrounds, if providers suspect the presence of acquired brain injury and the patient is not receiving
the appropriate systemic care, referral to a primary care doctor and/or general neurologist for an initial
assessment is warranted, with the understanding that the patient may be further referred to subspecialties

for additional care.
Conclusion:

Syndrome of Inappropriate Secretion of Antidiuretic Hormone (SIADH) is a metabolic condition that

causes hyponatremia, and in severe cases, encephalopathy and brain injury. Acquired brain injuries
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result from any non-congenital insult to the brain and are fairly common. They can cause significant
physical, functional and psychological disturbances. Damage to the visual pathways can produce visual
field, ocular motility and binocular deficits. As such, the visual system should undergo a comprehensive
evaluation to determine the extent of ocular and visual involvement, and management should be actively
tailored to boost the natural neuroplasticity process and challenge the patient's specific areas of
dysfunction to achieve their goals. Comprehensive rehabilitative treatment is important and patients
should be advised to seek care for their non-visual complications. Finally, some recovery and adaptation
can be expected, but it is largely influenced by patient engagement. Proper education on expectations
and participation are critical to maximize patient buy-in, enhance the rehabilitative process, and improve

the patient's quality of life.
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Figure 1: Automated visual field testing conducted 2 months after the initial incident showing a

homonymous hemianopic defect.

Figure 2A/B: T,-weighted fluid attenuated inversion recovery (FLAIR) MRI of the brain (A, axial view) (B,
coronal view), conducted 3 months after initial incident; note the regions of hyperintensity on the patient’'s

left occipital lobe.

Figure 3: Common Visual Sequelae of Acquired Brain Injury
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