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Introduction
Catatonia is a frequently diagnosed disorder in psychiatry. 

The following scenarios are the most common: the patient ar-
rives at the Emergency Department with behavioral changes that 
interfere with communication, or on the medical floor the pa-
tient develops significant behavioral changes that interfere with 
communication. The main features of catatonia are the same, 
regardless of the cause, and the clinical picture is dominated by 
three or more of the following symptoms: stupor, cataplexy, waxy 
flexibility, negativism, mutism, posturing, mannerism, stereotypy, 
agitation, grimacing, echolalia, and echopraxia.1 

The differential diagnostic should include illnesses that 
mimic catatonia, such as akinetic Parkinson disease, malignant 
hyperthermia, stiff-person syndrome, conversion disorder, 
selective mutism (selective mutism is a social anxiety disorder 
in which people who can speak normally in some situations 

cannot speak in other situations—especially in performance 
scenarios), locked-in syndrome, and other hypokinetic and 
hyperkinetic states.2 Selective mutism, as seen in manifestations 
of personality disorders, malingering disorder, or factitious 
disorder, does not share the other features of catatonia and is 
relatively easily excluded. 

After the patient is seen by the neurology and the psychiatry 
service and structural brain damage (such as stroke, tumor, or 
abscess) in the dominant hemisphere as well as severe dementia 
or delirium are excluded, the next line of differential diagnosis 
will include other medical conditions, including metabolic, 
neurologic, and substance-induced disorders. According to a 
review of 261 cases of catatonia, mental illness contributed to 
only up to 25% of those cases.3 

Historically, catatonia is related to schizophrenia and other 
mental illnesses, such as severe depression, bipolar disorder, 
and psychosis.4 However, the causes of catatonia are numerous, 
ranging from psychiatric to medical illnesses. Therefore, it is not 
surprising that there are several proposed underlying mecha-
nisms of catatonia—including top-down modulation, cholinergic 
and serotoninergic rebound hyperactivity, sudden and massive 
blockade of dopamine, and hyperactivity of glutamate.

One theory suggests that catatonia involves a “top-down 
modulation” in self-related processing of basal ganglia resulting 
from a deficiency of gamma aminobutyric acid (GABA).5 Top-
down modulation is described as a bidirectional process that 
determines our ability to focus on stimuli relevant to our needs 
and to ignore background information. Therefore, successful 
interplay between the enhancement and suppression of the 
neuronal activity generates the contrast necessary for success-
ful representation of relevant information. Benzodiazepines 
bind to a specific site on a GABA receptor, making it more 
efficient. As a result there is an increase in chlorine ions that 
leads to an increase in polarization of postsynaptic neurons, 
therefore making them less excitable and more able to filter 
the relevant stimuli. One report states that malignant catatonia 
can occur in the setting of benzodiazepine withdrawal.6 Other 
research suggests that hyperactivity of glutamate can be another 
underlying chemical dysfunction,7 especially at the decrease in 
N-methyl d-aspartate receptor.8
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Abstract
Diagnosis and treatment of catatonia in the psychiatry con-

sultation service is not infrequent. Usually, the patient either 
presents to the Emergency Department or develops catatonia 
on the medical floor. This condition manifests with significant 
behavioral changes (from mildly decreased speech output to 
complete mutism) that interfere with the ability to communicate. 
After structural brain disorders are excluded, one of the diag-
noses that always should be considered is catatonia. However, 
the causes of catatonia are numerous, ranging from psychiatric 
causes to a plethora of medical illnesses. Therefore, it is not 
surprising that there are many proposed underlying mechanisms 
of catatonia and that controversy persists about the etiology of 
specific cases.

There are only 6 reports of hyponatremia-induced catatonia 
and psychosis in the literature. Here, we present the case of 
a 30-year-old woman with catatonia and psychosis induced 
by hyponatremia, and we use this report to exemplify the 
multitude of biologic causes of catatonia and to propose a 
new way to look at the neuroanatomical basis of processing, 
particularly the vertical processing systems we believe are 
involved in catatonia.
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Catatonia can also happen in clozapine withdrawal. The pro-
posed mechanism for clozapine-withdrawal-induced catatonia very 
likely happens owing to cholinergic and serotoninergic rebound 
hyperactivity.9,10

Significant dopamine blockade can also cause catatonia. 
England et al11 reported that first-generation antipsychotic 
medications caused worsening catatonia symptoms. However, 
second-generation antipsychotic medication on several occa-
sions did treat the symptoms of catatonia.12 In addition, there 
are many reports that strongly suggest that stimulant medication 
can treat catatonia symptoms in patients with bipolar disorder13 
or depression.14

Imaging results are different in various stages of catatonia. 
For example, in a patient with very-late-onset schizophrenia, 
hypoperfusion in the thalamus and striatum and hyperperfusion 
in the left lateral frontal cortex and left temporal cortex during 
the catatonia was reported. This scan was compared with the 
scan after the treatment.15 In another report,16 the imaging results 
of a patient with schizoaffective disorder in the acute phase of 
catatonia showed dramatic decrease in perfusion in the left pari-
etal and motor cortex that reversed to normal after resolution of 
the episode. In addition, in cases of chronic catatonia, functional 
imaging identified abnormalities that happen bilaterally in the 
thalamus and frontal lobes.17

It is always interesting to look at the evolutionary perspec-
tive—is this part of a survival mechanism, when perceived 
impending doom leads to catatonia? And do the mechanisms 
presented above overlap with those circuits leading to what we 
morphonalytically assess as catatonia?18 

Case Presentation
Ms A was a 30-year-old single woman living by herself and 

working as a factory operator for clean room production. She 
was born in the Philippines, came to the US as an infant, and 
was raised in San Diego, CA. She had an intact family and was 
the second of three children. Her father was in the military and 
was strict and a disciplinarian. He was occasionally physically 
abusive with her and her siblings. The patient was very close 
to her siblings and her mother.

In grammar school, she was a very good student. As a teen, 
she became more rebellious. She started college but was unable 
to finish. She dated, and her last relationship ended abruptly six 
months before she came in to the Emergency Department. Ms 
A was depressed as a result of that loss and received therapy 
through church counseling. Her depression improved without 
medications. 

Her medical history was significant for papillary thyroid can-
cer, which was diagnosed 14 years before this incident and was 
successfully treated but had resurfaced recently. A few months 
after her recurrence of cancer, she received iodine-131 therapy 
for metastatic papillary thyroid cancer, and one day later she 
became confused and was found to have severe hyponatremia 
(Figure  1). At the same time she was taking the following medica-
tions: levothyroxine 125 mcg every morning, enoxaparin 40 mg 
subcutaneous every 24 hours, atenolol 50 mg daily, and docusate 
sodium 100 mg twice a day. On the second day of hospitalization, 
her confusion worsened, and the next day she developed auditory 

hallucinations, hearing Britney Spears sing. The patient was danc-
ing: taking small steps, rotating 180 degrees, and repeating this 
about a dozen times. Then, she would touch the perfusion pole, 
approximately in the same place, and would repeat the sequence 
over a period of several hours. She would answer with one or 
two words to selective questions. When asked to hold a paper, 
she did and continued to hold it for the next 10 minutes. The 
psychiatrist ordered clonazepam 0.5 mg orally three times a day 
and risperidone 0.5 mg orally three times a day.

The following day she was able to sit in a chair, stereotypic 
activity resolved, and she was able to recognize the psychiatrist. 
She answered most questions with complete sentences. When 
asked what happened the day before, she replied, “I had a mild 
concussion … which is severe … because it is a concussion.” 
In the following days she recovered entirely. Medications were 
stopped 3 months after her full recovery. There have been no 
similar psychiatric symptoms 18 months after her recovery.

Discussion
There have been some reports of hyponatremia following 

radio-contrast iodine therapy.19 The etiology is thought to 
be caused by a low-iodine diet and withdrawal of thyroxine 
therapy, which leads to a hypothyroid state.20,21 In this case, 
the iodine-131 protocol was followed, and she had no other 
changes in her medications or diet shortly before admission. 
In the absence of other identified confounding factors, we are 
suggesting that hyponatremia was caused by the radio-contrast 
iodine therapy. 

Hyponatremia is defined as a decrease in serum sodium 
concentration below 135 mmol/L, and it can occur with high, 
normal, or low plasma tonicity.22 In hypervolemic hyponatremia, 
the body has too much water; this is generally caused by kidney, 
heart, or liver failure. Euvolemic hyponatremia (normovolemic 
state) is commonly caused by chronic health conditions including 
cancer (as in this case) or certain medications; it is often seen in 
syndrome of inappropriate antidiuretic hormone but also with 
primary polydipsia and low dietary solute intake. In hypovolemic 
hyponatremia, there is too little water; this can happen in certain 

Figure 1. Patient’s Na serum concentration reported during her 
hospitalization.

h = hours; mmol/L = millimoles per liter; Na = sodium.
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conditions such as strenuous exercise in hot conditions, blood 
loss, gastrointestinal losses (vomiting or diarrhea), or renal losses 
(most often thiazide diuretics).

Hypotonicity carries a risk of inducing cerebral edema. The 
most common causes of hyponatremia are iatrogenic acquisition, 

cerebral salt wasting, and inappropriate secretion of 
antidiuretic hormone.23 The severity of symptoms is 
proportional to the severity of hyponatremia (usually 
more pronounced at concentrations less than 120 
mmol/L) and the rate of sodium decline in serum.24 
In general, hyponatremia is treated with 3% saline, 
or more rapidly with 120 mmol/L if the patient is 
symptomatic, and then the dosage is corrected more 
slowly, a maximum of 10 mmol to 12 mmol per day 
and/or 18 mmol/L for any 48 hours,25 slower if sodium 
has been chronically low. Each correction would 
need to be individualized on the basis of specifics of 
the patient course.26 Most common initial symptoms 
of symptomatic hyponatremia are a combination of 
confusion, anorexia, nausea and vomiting, muscle 

cramps, and aches. Catatonia symptoms may develop in rare 
situations, such as in this case. Neurologic examination can re-
veal cognitive changes and occasionally decreased deep tendon 
reflexes. Left untreated, patients can develop rapid complications 
from cerebral edema such as generalized tonic-clonic seizures, 
coma, and death as a result of brain herniation. 

Catatonia has a clinical presentation that is similar regardless 
of the precipitating or causing factors. When a clinical presenta-
tion can be the result of various etiologies, it is also expected 
to have a variety of neurochemical dysfunctions identified as 
the underlying mechanisms. Knowing the specific dysfunction 
involved becomes paramount; we chose the medications to treat 
on the basis of the particular clinical presentation. In this case, 
by the time of the psychiatrist’s evaluation, the hyponatremia 
was resolved, but the psychosis and catatonia were getting 
worse. The prompt response can be explained, in our opinion, 
as follows: catatonia responded immediately and to a significant 
though incomplete degree to benzodiazepines; the second-
generation antipsychotic medication helped with the residual 
catatonic symptoms and resolved the emerged psychosis over 
the next eight days.

There has been much progress in understanding catatonia 
since it was first described by Kahlbaum27 as an illness charac-
terized by mood syndromes as primary features and by motor 
disturbances as characteristic features. Processing seems to be 
integrally involved in catatonia. A comprehensive discussion of 
the neuroanatomical basis of processing is beyond the scope of 
this article and has been addressed elsewhere.28

The neuroanatomic basis of processing includes vertical and 
horizontal processing systems and neuroplasticity. Neuroplastic-
ity29 includes:
a.	dendrite rebranching and its participation in formation of new 

associations
b.	hippocampal learning with formation of new neurons in the 

hippocampus
c.	synaptic processes that include a large array of long-term-

memory-related mechanisms.

Horizontal processing systems include:
a.	interhemispheric processing, which addresses hemispheric 

synchrony and is essential in processing30

b.	intrahemispheric processing, which assures the basis for 
ipsilateral coordination between different brain structures.31 
Vertical processing systems include:

a.	self-related processing and subcortical and midline structures 
that assure integrative bodily functions and basic emotional 
systems32

b.	re-entrance circuits that are essential in bidirectional mirroring 
between subcortical and cortical neural activity33-35

c.	prefrontal-subcortical circuitry, which has a major role in 
mood regulation.36,37 
We suggest that self-related processing is involved in catatonia. 

In addition, it is possible that the neurochemical dysfunction 
potentiates the observed response, such as the observed lim-
ited processing of the information from the outside world and 
behavioral abnormalities.

Self-related processing belongs to the vertical processing 
systems. It is attributed to a set of midline structures that start 
in the brain stem, in the reticular activating system, and are 
interconnected with higher brain structures in the subcortical 
and cortical areas, referred to as the subcortical-cortical mid-
line system. They accomplish the integrative bodily functions 
and the convergence of basic emotional systems to form the 
proposed “bodily self or proto-self.”38-46 These regions are hier-
archically organized and functionally connected. Of particular 
importance is the ascendant reticular activating system, which 
receives various direct and indirect collaterals with ultimate 
function of influencing various aspects of consciousness and 
wakefulness.47

Conclusion
Catatonia is a condition frequently identified in medical set-

tings and is often induced by organic reasons. Even though the 
treatment for catatonia is essentially the same, as most of the 
patients respond well to benzodiazepines and electroconvulsive 
therapy, identifying the specific organic cause is as important as 
addressing the underlying condition.	

The above-suggested involvement of self-related processing 
in the development of catatonia provides a unitary explanation 
for a multitude of described causes, and we believe that further 
research to elucidate the neuroanatomical pathways of this 
condition is warranted. v
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