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Abstract

Introduction—Neurologic deterioration occurring days to weeks after a cerebral hypoxic event 

accompanied by diffuse white matter demyelination is called delayed post-hypoxic 

leukoencephalopathy (DPHL). Manifestations of DPHL are diverse, and include dementia, gait 

disturbance, incontinence, pyramidal tract signs, parkinsonism, chorea, mood and thought 

disorders, akinetic mutism, and rarely catatonia.

Methods—The authors report a case of malignant catatonia in a patient diagnosed with DPHL 

that was refractory to electroconvulsive therapy (ECT), and review the literature on catatonia in 

DHPL.

Results—The patient was a 56 year-old female with schizoaffective disorder who was admitted 

with catatonia two weeks after hospitalization for drug overdose and respiratory failure. Her 

catatonic symptoms did not respond to lorazepam, amantadine, methylphenidate, or ten sessions of 

bilateral ECT at maximum energy. Repeat magnetic resonance imaging revealed extensive 

periventricular white matter lesions not present on admission scans, and she was diagnosed with 

DPHL.

Discussion—No treatment for DPHL has been proven to be widely effective. Hyperbaric 

oxygen treatments may reduce the rate of development, and symptom improvement has been 

reported with stimulants and other psychotropic agents. Review of the literature reveals rare 

success with GABAergic agents for catatonia after cerebral hypoxia, and no cases successfully 

treated with ECT. There are seven case reports of neurologic decompensation during ECT 

treatment after a cerebral hypoxic event.

Conclusion—Caution is advised when considering ECT for catatonia when delayed sequelae of 

cerebral hypoxia are on the differential diagnosis, as there is a dearth of evidence to support this 

treatment approach.
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Introduction

Prolonged cerebral hypoxia, regardless of etiology, may result in a wide spectrum of acute 

neurologic manifestations in humans.1,2 Cortical gray matter, basal ganglia, white matter, 

cerebellum, midbrain, and hippocampus may all show evidence of acute damage following 

hypoxia.1-3 Common causes of cerebral hypoxia include strangulation, carbon monoxide 

inhalation, cardiac arrest, anesthesia, overdose from sedatives and narcotics, and respiratory 

failure.3-5 A delayed neurological syndrome (DNS) may develop following a symptom-free 

interval up to 40 days after cerebral hypoxia, although cases of symptoms emerging up to 

one year later have been reported.6,7 Contemporary estimates of the prevalence of DNS after 

carbon monoxide poisoning range from 3 to 9%.6,8 The most common symptoms of DNS 

are confusion, incontinence, gait disturbance, mutism, and parkinsonism, but may include 

pyramidal tract signs, rigidity, pathologic reflexes, chorea, dementia, mood disorders, 

psychosis, hysteria, and akinetic mutism.1,2,6,7 Risk factors for DNS include more severe 

acute hypoxic symptoms, acute neuroimaging abnormalities, and age greater than 40.9,10 

Although initial scan abnormalities do not necessarily predict the development of DNS, 

symptom improvement tends to correlate with resolution of neuroimaging findings over 

time.11,12 Prognosis is encouraging: up to 75% of cases of DNS recovered fully after carbon 

monoxide poisoning in a large cohort study of this phenomenon.6 When DNS is 

accompanied by demyelination of cerebral white matter seen on neuroimaging or at autopsy, 

it is termed delayed post-hypoxic leukoencephalopathy (DPHL).13,14 Bed rest, hyperbaric 

oxygen, and psychotropic medications have been described in case reports and case series to 

be helpful, but no proven treatments exist for DNS or DPHL.1,14,15

Catatonia is rarely described after cerebral hypoxia.6 The authors report a case of malignant 

catatonia in a patient with schizoaffective disorder that did not respond to benzodiazepines, 

dopamine agonists, or ten sessions of bilateral ECT, and was later diagnosed as DPHL. The 

literature on catatonic symptoms in DNS and DPHL is reviewed, including epidemiology, 

diagnosis, and treatment.

Case Report

The patient is a 56 year-old female with an established history of schizoaffective disorder 

and cirrhosis secondary to hepatitis C, who presented to a tertiary care center with three days 

of progressive change in behavior. Two weeks prior to this presentation she had 

unintentionally overdosed on her narcotic analgesics and was found unresponsive by family 

in bed. She was taken to a local hospital where she was diagnosed with aspiration 

pneumonia and hypoxic respiratory failure, and was intubated and admitted to intensive 

care. After four days of mechanical ventilation and sedation she was extubated with only 

mild transient confusion. She was observed for three more days then discharged home where 

she functioned at her usual baseline for four more days. She then became progressively 

slowed and confused, with complaints of nausea, neck stiffness, and back pain, and urinary 

incontinence. She also was noted to stand in one place for several hours, holding her arms 

over her head, stamping her feet repetitively, and repeating what others would say to her. On 

the day of admission she was found to be floridly disoriented, agitated, and withdrawing in 

pain when touched or moved.
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She had an allergy to doxycycline, and was taking alendronate, ketoconazole, clopidogrel, 

fentanyl, oxycodone, escitalopram, divalproex sodium, gabapentin, risperidone, and 

benztropine. Her psychiatric history included a diagnosis of schizoaffective disorder, with a 

remote history of hospitalization fifteen years prior to presentation for depression and 

delusions. She had continued receiving her psychiatric medications during and after the 

previous hospitalization. She had last used recreational cocaine and alcohol over 15 years 

ago.

On examination, her temperature was 36.3 degrees Fahrenheit, respiration rate 25 per 

minute, heart rate 98 beats per minute, blood pressure 127/61. The patient was agitated and 

mute to most simple questions, with antigravity posturing of the left arm, echolalia of the 

examiner's questions, verbigeration, staring at the ceiling, bilateral grasp reflexes, and 

rigidity in all four limbs without cogwheeling. Neurological examination of cranial nerves 

and deep tendon reflexes was without abnormality. Attempted passive neck flexion elicited 

pain response.

The patient was admitted to the hospital for work up of her altered mental status. Given the 

concern for meningismus on examination, vancomycin, ceftriaxone, and acyclovir were 

started while lumbar puncture was attempted unsuccessfully. Magnetic resonance imaging 

(MRI) of the brain without contrast did not reveal abnormalities. Electroencephalograph 

(EEG) revealed a background of generalized polymorphic 6-7 Hz theta waves, 2-3 Hz delta 

waves, and superimposed beta waves, without epileptiform abnormality. Laboratory testing, 

including urinalysis, complete blood count, complete metabolic panel, hepatic function tests, 

B vitamin and homocysteine levels, thyroid function tests, human immunodeficiency virus 

(HIV) antibody, erythrocyte sedimentation rate (ESR) and c-reactive protein (CRP), 

coagulation studies, lactic acid, troponin and creatine kinase, lactate dehydrogenase (LDH), 

arterial blood gas, and hemoglobin A1c were unrevealing. Mean corpuscular volume was 

elevated at 105. Iron studies revealed elevated serum iron of 232 ug/dL, iron saturation of 

90%, and elevated ferritin at 625 ng/mL, which were felt to be acute phase reactants. 

Ammonia was mildly elevated at 52, and normalized without clinical improvement. 

Additional tests for plasma porphyrins, cortisol, antithyroid antibodies, ceruloplasmin, urine 

heavy metals, and paraneoplastic antibodies (including to the NMDA receptor) were 

unrevealing.

Over the first week of hospitalization the patient's heart rate ranged from 61 to 109 beats per 

minute and blood pressure varied from 99/55 to as high as 199/114 mmHg. The patient was 

diagnosed with malignant catatonia/neuroleptic malignant syndrome on the basis of 

autonomic instability, rigidity, and stupor, and all psychiatric medications were discontinued 

without change in symptoms. Bush-Francis Catatonia Rating Scale score was 25. A 

benzodiazepine challenge with 2 mg intravenous lorazepam brought about sedation and 

improvement in rigidity, but as soon as the patient awoke her catatonic symptoms returned 

immediately. Standing doses of lorazepam up to 6 mg per day for one week had no further 

benefit and caused oversedation. Administration of intravenous benztropine 2 mg TID and 

amantadine up to 400 mg daily for one week yielded no improvement.
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With the consent of the patient's family, the patient was given ten rounds of bitemporal 

electroconvulsive therapy (ECT) with a Thymatron System IV (Somatics LLC, Lake Bluff, 

IL) for malignant catatonia/neuroleptic malignant syndrome. Induction agents included 

methohexital and ketamine (to lower seizure threshold), and modification was achieved with 

rocuronium to reduce risk of hyperkalemia from depolarizing muscle relaxants. EEG seizure 

lengths ranged from 20 to 48 seconds. No complications of anesthesia or ECT occurred.

By the tenth treatment there had been no improvements in the patient's condition, and ECT 

was ceased. Neurology was consulted, and repeat MRI without contrast was obtained, which 

showed new extensive bilateral periventricular white matter changes (see Figure 1). An 

exhaustive workup for causes of leukoencephalopathy included serum and urine protein 

electrophoresis, cancer markers, antinuclear antibody titer, angiotensin-converting enzyme 

level, arylsulfatase level, serum fatty acid levels, and cerebrospinal fluid analysis, all of 

which were unrevealing. Trials of intravenous steroids and plasmapheresis for possible 

autoimmune encephalopathy brought about no improvement in the patient's condition. 

Methylphenidate 10 mg bid was trialed for two weeks without benefit. The patient was 

discharged to skilled nursing care with a diagnosis of delayed hypoxic leukoencephalopathy, 

and after one year continued to manifest near-complete mutism and stupor.

Discussion

DPHL is a rare sequel of cerebral hypoxia, and is estimated to occur in 0.06-2.8% of patients 

with carbon monoxide poisoning.6 Severity of initial hypoxia or coma is not consistently 

correlated with risk of DPHL.4 Arylsulfatase A pseudodeficiency has been found in several 

cases, but this is neither sufficient nor necessary to cause the condition.13 The mechanism of 

injury in DPHL is not known, although the limited arteriolar distribution in white matter and 

delayed apoptosis of oligodendrocytes responsible for myelin production have been put 

forward as theoretical contributors.14 The pattern of damage typically involves subcortical 

and periventricular frontal and parietal white matter of the centrum semiovale; in contrast, 

toxic leukoencephalopathy caused by substances such as methadone and heroin is more 

often found in the cerebellum, internal capsule, hippocampus, and brainstem.16-18 

Neuropathologic findings of intramyelinic vacuolar edema may also distinguish toxic from 

hypoxic etiologies.19 Blood-brain barrier disruption and elevated choline and creatine levels 

in white matter on magnetic resonance spectroscopy have been observed after hypoxic 

injury.20,21 Functional imaging reveals altered cerebral blood flow and hypometabolism in 

damaged regions, while diffusion tensor imaging of white matter demonstrates reduced 

fractional anisotropy and tends to correlate with neuropsychiatric outcome.22-24 Many cases 

of DPHL exhibit spontaneous improvement, some with full functional recovery.25,26

Diagnosis of DPHL is made on the basis of clinical characteristics and neuroimaging 

findings, and requires ruling out other causes of leukoencephalopathy.14 The delayed nature 

of the disorder, occurring days to weeks after the inciting event, can make accurate and 

timely diagnosis difficult. No treatment for DPHL has been proven to be widely effective. 

Hyperbaric oxygen treatments have been shown in several studies of acute carbon monoxide 

poisoning to reduce the rate of development of neurological symptoms, as well as to 

improve symptoms once diagnosed,9,15 but this is not a consistent finding.27 Medications 
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associated with symptom improvement in case reports and case series include stimulants and 

dopamine agonists, levodopa, magnesium sulfate, steroids, antipsychotics, and coenzyme 

Q-10.28-34

Cerebral Hypoxia and Catatonia

European neuropsychiatrists of the early 20th century were well-acquainted with 

neurological symptoms following hypoxia owing to the extensive use of carbon monoxide 

(CO)-containing gases in domestic and industrial settings. The delayed neurological 

syndrome was originally described by Sibelius in 1906.35 Emil Kraepelin in 1919 was the 

first to describe catatonia in hypoxia: an 18 year-old man poisoned by smoke from a flue 

developed stupor and catalepsy ten days later, and Kraepelin questioned whether the man 

had dementia praecox.36 Fritz Kant in 1926 reported longitudinal data on the same patient 

that supported the etiology of CO poisoning, as well as a second case of catatonia in a 

blacksmith with mutism, stupor, stereotypy, and catalepsy following chronic CO 

intoxication from a malfunctioning furnace.37 Several English-language descriptions of 

catatonia after hypoxia followed in the 1930s and 40s, all featuring delayed symptoms of 

stupor, mutism, and catalepsy.38-40 These authors made clear in their reports that catatonia 

and parkinsonism were both common phenomena after hypoxic episodes.

However, as electricity replaced fossil fuels for methods of illumination and mechanization 

in Europe and the United States, cases of catatonia stemming from hypoxia seemed to 

dwindle. Gelenberg's 1975 review of the catatonic syndrome listed hypoxia as a potential 

etiology based on only one of the above cases.41 Few cases in the modern literature describe 

patients with DNS or DPHL manifesting catatonia, suggesting this is now a rare 

phenomenon.7,16,25,42 Of the published cases of DPHL in the National Library of Medicine 

database (Pubmed) after 1980, when MRI scanners became commercially available, only 

nine cases were identified as meeting DSM-5 criteria for catatonia due to general medical 

condition (see Table 1).43 However, this apparent rarity is contradicted by the ubiquity of 

documented catatonia-spectrum symptoms in the modern hypoxia literature. For instance, in 

Min's 1986 series of 86 patients with DNS after CO poisoning, 100% had apathy, 95% had 

hypokinesia, 95% had mutism, 87% displayed grasp reflex, 86%) displayed muscle rigidity, 

70% showed bizarre behavior, 41% displayed mannerisms, and 2% displayed echolalia.32 In 

Hsiao's small series of 12 patients with DPHL after CO poisoning, 50% displayed mutism, 

50%) had rigidity, and 42% were bradykinetic.12 No patients in either of these studies were 

identified as having catatonia per se. In Choi's seminal retrospective series of 2360 cases of 

carbon monoxide poisoning, catatonia is mentioned as a rare delayed sequel but no specific 

prevalence is given.6 The predilection for damage to the basal ganglia and frontal/parietal 

white matter after cerebral hypoxia may help explain why rigidity, apathy, catalepsy, and 

mutism are prevalent in these patients, given the neuroimaging evidence that dysfunction in 

these areas contributes to catatonic symptoms.44 See Table 2 for the differential diagnosis of 

catatonia after a hypoxic event.

Misunderstanding of catatonia due to a general medical condition likely contributes to its 

perceived rarity after cerebral hypoxia: a recent published review of DPHL considered the 

presence of MRI abnormalities to exclude a diagnosis of catatonia, DSM-5 
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notwithstanding.14 There is also significant overlap between catatonia and other motor 

disorders commonly associated with DNS and DPHL such as parkinsonism and akinetic 

mutism, a problem alluded to in the German literature nearly 100 years ago.37,45 The 

neurologist C. Miller Fisher, in his treatise on catatonia, grappled with the similarities 

between akinetic mutism and catatonia but ultimately failed to parse them into distinct 

disorders with distinct etiologies.46 Akinetic mute patients, who display little to no volitional 

movement or speech but manifest alertness and engagement with their eyes, easily qualify 

for caseness on the Bush-Francis Catatonia Rating Scale by having 2 of the 14 cardinal 

symptoms;47,48 utilizing these criteria the number of DNS and DPHL cases with catatonia 

would reach into the hundreds.

Perhaps owing to continued misunderstanding, standard treatments of catatonia such as 

high-dose benzodiazepines and electroconvulsive therapy (ECT) have not been extensively 

studied in patients with cerebral hypoxic injury. Diazepam and sodium amobarbital 

successfully alleviated delayed akinetic and catatonic symptoms in two cases of carbon 

monoxide poisoning.49,50 Lorazepam was partially effective for catatonia in DPHL after a 

methadone overdose, and several cases of akinetic mutism after DPHL responded to 

zolpidem.25,51,52 Dopamine agonists are routinely used for akinetic mutism, and may also 

have efficacy in catatonia, underlining the overlapping nature of these syndromes.29,53

There are three reports in the medical literature of ECT used unsuccessfully for catatonia 

symptoms in the context of cerebral hypoxia (Table 3).54-56 Cavioto et al in 1960 briefly 

described a 57 year-old woman hospitalized after twenty-two hours' exposure to natural 

gas.54 She opened her eyes to stimulation and demonstrated generalized rigidity, but was 

otherwise mute and stuporous. Laboratory studies were normal and EEG showed diffuse 

slowing. Ten sessions of ECT did not bring about change in her status and she expired 2.5 

months after admission. In 1971 Wajgt reported a case of acute carbon monoxide poisoning 

in a 25 year-old male manifesting negativism, agitation, and restlessness who received one 

session of ECT three days later and abruptly went into coma and expired.55 A third case by 

Rasmussen described a 65 year-old female who developed delayed catatonic symptoms 

three weeks after a narcotic overdose.56 She received eight bitemporal ECT for presumed 

catatonic depression, with worsening of her symptoms. MRI post-ECT showed “dramatic 

white-matter hyperintensities” ascribed to small-vessel ischemic changes that were not 

detected on pre-ECT computed tomography scan.

Our case represents a fourth instance of ECT failing to ameliorate catatonic symptoms after 

cerebral hypoxia. The absence of a single case of successful ECT is on the one hand 

surprising, as ECT can be safe and effective in patients with organic brain disease in general, 

after acute stroke, and in elderly patients with pre-existing leukoencephalopathy.57-59 On the 

other hand, several authors have observed that ECT for catatonia is generally less 

efficacious in neurologically based disorders than in primary psychiatric disorders and that 

patients with certain neurological conditions may be at higher risk of adverse effects of 

ECT.56,60,61 A small case series of patients with multiple sclerosis undergoing ECT 

suggested that white matter damage predisposed to neurologic deterioration during 

treatment.62 Other authors have expressed specific concern that ECT after cerebral hypoxia 

may cause further harm by increasing metabolic demand in neurons damaged by oxygen 
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deprivation.50,63 The historical basis for this concern is comprised of seven cases of ECT 

performed for major depression within three weeks following suicide attempts by carbon 

monoxide poisoning (Table 3), with development of delayed neuropsychiatric symptoms 

during the ECT course.50,63-65 A recent review of these cases made note that several of the 

patients had risk factors for DNS (older age, severity of hypoxia) and that ECT was 

administered well within the window for DNS to occur.66

Despite the lack of evidence for causation in these cases, it has been recommended that in 

acute neurologic illness, ECT should be used only in the absence of other treatment options, 

and after a one-month waiting period if following hypoxia.56,66 However, moving with 

alacrity to ECT in cases of malignant catatonia has also been strongly recommended given 

the risk of medical complications and fatality from cardiovascular collapse.67 Two cases of 

safe and successful ECT after cerebral hypoxia have been described, both for depression in 

the subacute/chronic phase (Table 3).66,68 Thus clinicians are left with a meager evidence 

base on which to formulate the risk-benefit analysis, between offering ECT to the patient 

with catatonic symptoms after hypoxia given its broad efficacy, versus withholding ECT 

given potential for worsening.

Our case is noteworthy in that the patient's catatonic symptoms of DPHL preceded the 

appearance of leukoencephalopathy by several weeks. Without neuroimaging findings on 

MRI during the pre-ECT workup, the possibility of a structural neurologic condition was 

considered less likely compared to a systemic illness or exposure to antipsychotics and 

anticonvulsants, tipping the risk-benefit analysis toward treatment. It is possible our patient's 

opiate overdose itself rather than hypoxia per se could have caused her delayed 

leukoencephalopathy. However, she had tolerated the opiates at prescribed doses without 

problem, and the pattern of damage was more consistent with that seen in hypoxia than in 

toxic effects. The contribution of ECT to the appearance of leukoencephalopathy on our 

patient's brain MRI cannot be completely excluded. ECT in its current technical practice 

causing structural brain damage or significant hypoxia has been amply refuted by 

prospective trials,69,70 and biomarkers of brain damage such as CSF levels of S-100b or 

neuron specific enolase are absent after ECT treatment.71,72 In a recently published review 

of neuroimaging studies in ECT by the authors, four positron emission tomography (PET) 

studies found reduced cerebral metabolism in bilateral medial and inferior frontal areas after 

ECT, corresponding to response of depressive symptoms to treatment.73 This, along with the 

common occurrence of post-ECT delirium, may at first glance lend credence to the concern 

that metabolic effects of ECT could be harmful in hypoxia-damaged brain. However, it has 

also been shown that antidepressant medications and cognitive behavioral therapy can 

induce frontal and limbic hypometabolism, and these interventions are generally not 

considered harmful after cerebral hypoxia.74 It is not clear at this time whether brain 

metabolic changes accompanying ECT response necessarily represent a harmful process for 

the DNS/DPHL patient.

At this time there continues to be no published evidence that ECT is successful for catatonia 

after cerebral hypoxia. We believe this has significant implications for treatment of future 

cases. Considering that a majority number of patients recover with less aggressive measures, 

we agree with the recommendations of prior authors that treatments such as hyperbaric 

Quinn and Abbott Page 7

Psychosomatics. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



oxygen, benzodiazepines, stimulants, antidepressants, and cognitive enhancers should be 

fully explored, a careful risk-benefit analysis performed, and the window for possible DNS 

allowed to pass before moving to ECT when cerebral hypoxia is on the differential.
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Figure 1. 
Initial and 1-month brain MRIs (without contrast) in patient manifesting catatonic symptoms 

after respiratory failure. Angles of cut account for minor discrepancies in anatomy.
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Figure 2. 
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Table 2

Differential Diagnosis of Catatonia after Cerebral Hypoxia.

Metabolic Derangements

Lactic acidosis

Carbon dioxide narcosis

Hypoxemia

Hypo/hyperglycemia

Renal ischemia/Uremia

Hepatic ischemia

Nutritional deficiency

Cardiovascular Complications

Hypotension

Hypertension

Anemia

Congestive heart failure

Myocardial infarction

Posterior reversible encephalopathy syndrome (PRES)

Infection

Meningo-encephalitis

Pneumonia/Aspiration

Urinary tract infection

Sepsis

HIV/Neurosyphilis

Toxin-related

Acute intoxication

Withdrawal

Toxic effect

Heroin/Opioids

Alcohol

Organic solvents

Immunosuppressants

Chemotherapy

Heavy metals

Stimulants

Radiation

Herbal extracts

Acute Cerebral Injury

Trauma

Axonal shearing

Intraparenchymal hemorrhage

Subdural/Epidural hematoma

Subarachnoid hemorrhage
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Ischemia

Inflammation

Hypoxia

Basal ganglia/thalamus

Cerebellum

Brain stem

Hippocampus

Cortex

White matter

Delayed Neurological SyndromesM

Coma

Mutism

Parkinsonism

Apathy/Akinetic mutism

Dystonia

Chorea

Gait disturbance

Dementia

Psychiatric Disorders

Depression

Mania

Schizophrenia

Acute stress disorder/dissociation

Personality disorder

Conservation withdrawal
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