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SUMMARY
We report a case of severe amnestic syndrome 
following theophylline overdose. A woman in her early 
30s was admitted to hospital where she developed 
status epilepticus following an intentional overdose 
of theophylline and lansoprazole. She developed a 
profound acidosis and required intubation in the 
intensive care unit. Following extubation the patient was 
noted to have a severe amnestic syndrome with poor 
short-term memory. A work-up to exclude infectious, 
autoimmune and paraneoplastic causes for encephalitis 
was undertaken. Cerebrospinal fluid analysis was normal 
and autoimmune encephalitis titres were negative. Initial 
MRI brain imaging demonstrated hyperintensities of the 
mesial temporal lobes bilaterally. Follow-up imaging 
at 4 months identified further interval reduction but 
persistent hippocampal hyperintensities. Theophylline 
toxicity with corresponding amnestic syndrome and 
hippocampal hyperintensities has been rarely reported. 
We believe this case with persistent abnormal Montreal 
Cognitive Assessment Score at 12 months correlates with 
persistent hippocampal abnormalities seen on imaging.

BACKGROUND
This case highlights the toxic effects of suprath-
erapeutic dosing of theophylline. Theophylline 
is a widely prescribed medication used as adjunc-
tive therapy in obstructive airways disease such as 
in asthma management.1 2 Given that it is a drug 
widely prescribed we believe it is important that the 
medical community is aware of the neurotoxicity 
profile seen even at therapeutic or low-toxic serum 
concentrations.3 This includes long-term neuro-
logical consequences with persistent short-term 
memory problems.3 Although rarely reported in the 
literature this side effect of theophylline toxicity 
should be highlighted to general practitioners and 
hospital doctors alike.

CASE PRESENTATION
A woman in her 30s was brought to hospital by 
ambulance following an intentional overdose of 
12.6 g theophylline and 630 mg lansoprazole. The 
patient had taken an intentional overdose 6.5 hours 
before presenting to hospital with dizziness, 
diaphoresis, nausea, vomiting and abdominal pain. 
On arrival she was transferred to the resuscitation 
bay. At the initial assessment her heart rate was 110/
min, blood pressure was 144/89 mm Hg, oxygen 
saturations 98% on room air and a respiratory rate 
of 17. She was apyrexic. The patient developed 
generalised seizure activity terminated with intrave-
nous midazolam. This was followed by a recurrent 

generalised seizure 30 min later which failed to 
terminate with 8 mg of intravenous lorazepam. 
At this time the patient had a sinus tachycardia of 
148/min, blood pressure of 75/40 mm Hg, a respi-
ratory rate of 17/min, oxygen saturations of 94% 
on room air and a temperature of 36.5°C. She was 
reviewed by the intensive care team and in order to 
manage the evolving acidosis and recurrent seizures 
a decision to intubate and ventilate was made. The 
patient’s blood pressure was closely monitored 
and a mean arterial pressure of >65 mmHg was 
maintained.

This woman had a medical history of asthma 
and depression. She was prescribed theophylline as 
part of her asthma treatment for a number of years 
and there had been no previous concerns about 
thoughts of self-harm or overdose.

The patient remained in the intensive care unit 
for 7 days. On day 5 there was no concern for 
further seizures and the patient was extubated. 
The intensive care unit staff noted the patient 
appeared to have very poor short-term recall. This 
was confirmed on Montreal Cognitive Assessment 
(MoCA). The patient was extensively worked up 
for evaluation of amnesia. Other causes of enceph-
alitis were investigated and excluded.

INVESTIGATIONS
Within 3 hours of presenting the patient devel-
oped a profound mixed respiratory and metabolic 
acidosis with a raised anion gap (see table 1).

On serial blood gases the acidosis had corrected 
within 14 hours of admission (see table  1). The 
patient was noted to have a theophylline level 
of >40 mg/L (normal range 10–20 mg/L). She 
was treated with continuous haemofiltration 
until the theophylline level was not detectable. 
Following extubation the patient was noted to 
have a persistent short-term memory deficit and 
was worked up for other causes of encephalitis. A 
MoCA score was 15/30 (points missed: visuospa-
tial/executive:1, naming:1, attention:3, language:1, 
abstraction:1, delayed recall:5, orientation:3). 
Ten days following extubation an MRI brain was 
performed and demonstrated bilateral hippocampal 
hyperintensities (figure  1A). Cerebrospinal fluid 
analysis was normal. Anti-NMDA, anti-VGKC, 
anti-AMPA1, anti-AMPA2 and anti-GABA anti-
body titres were negative. Electroencephalogram 
(EEG) was performed 21 days into admission and 
demonstrated runs of sharp theta occurring inde-
pendently in the temporal regions, more marked on 
the right, suggesting significant bitemporal dysfunc-
tion, but without epileptiform features. Repeat 
MRI brain imaging after a further 14 days showed 
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partial interval improvement corresponding to an improved 
MoCA score of 19/30 (points missed: naming:1, attention:2, 
language:1, delayed recall:5, orientation:2). Additional interval 
imaging was carried out at 4 months and identified improved 
but persistent bilateral hippocampal hyperintensities (figure 1B).

DIFFERENTIAL DIAGNOSIS
We considered status epilepticus in the first instance as the 
cause of the bilateral hippocampal hyperintensities. Given the 
amnestic syndrome other causes of encephalitis were investigated 
including infectious, autoimmune and paraneoplastic. Serum and 
cerebrospinal fluid tests failed to identify any other autoimmune 
or infectious aetiologies of the amnestic syndrome. EEG was also 
considered and carried out as non-convulsive status can present 
in many ways. Of note the electroencephalograph recording did 
not identify any suggestion of epileptiform activity.

On review of the literature we identified a number of case 
reports where theophylline toxicity was found to cause a 
persistent amnestic syndrome with corresponding MRI changes 
evident in some cases.4 Given no other cause was found to be 
responsible for the persistent neuroimaging abnormalities in our 
patient; we believe theophylline toxicity is responsible for the 
patient’s persistent amnestic syndrome.

TREATMENT
The patient was transferred to the intensive care unit where she 
was intubated and ventilated following the unsuccessful treat-
ment of the generalised seizure activity with lorazepam. Sedation 
was maintained with a combination of propofol and midazolam. 
The patient was commenced on anticonvulsant therapy with 

intravenous levetiracetam to aid seizure control. Furthermore, 
the patient was placed on continuous venovenous haemofil-
tration. In addition, the patient received activated charcoal via 
nasogastric tube as part of the treatment regime to aid theoph-
ylline clearance. Norepinephrine therapy was required in the 
initial 24 hours to maintain blood pressure, and was weaned on 
day 2. Due to development of fever and elevated inflammatory 
markers the patient was commenced on intravenous piperacillin-
tazobactam for management of lower respiratory tract infection 
on day 3 of admission. Sedation was weaned after 3 days and 
the patient was extubated on day 5. Antibiotic therapy was 
completed after 1 week at which time the patient had been dees-
calated to the high dependency unit. The patient was transferred 
to the ward on day 9 of admission. At this point the multidisci-
plinary team was involved in the patient’s care with a focus on 
cognitive function and rehabilitation.

OUTCOME AND FOLLOW-UP
After 4 weeks in hospital the patient was discharged to reha-
bilitation locally. The patient spent a number of months here 
before a dedicated neurorehabilitation bed was available in a 
national rehabilitation centre. On further outpatient assessment 
at 12 months the patient had persistent short-term memory 
difficulties and required ongoing supervision at home. This was 
evidenced on a repeat MoCA 20/30 (points missed: visuospa-
tial:1, attention:3, language:1, delayed recall:5). This woman 
will be continued to be followed up in the outpatient setting. She 
has ongoing input from the Community Mental Health Team 
and has been linked with local organisations for patients with 
brain injuries.

DISCUSSION
Seizures have been reported as a complication of theophylline 
toxicity.3 On review of the literature seizures can occur even in 
instances where patients have ingested therapeutic or what is 
deemed ‘low toxic’ levels of the drug.3 In a case series by Bahls 
et al, 9 of 12 patients had prolonged seizure activity despite 
aggressive anticonvulsant therapy. Of note this cohort cannot 
be directly compared with our patient as this patient group 
was older with a mean age of 67.2 years. 66% of the patients 
had underlying neurological conditions which likely increased 
their risk of developing seizures. However, this report highlights 
the need to cautiously prescribe theophylline to patients with 
underlying seizure risk factors.3 As mentioned earlier the young 
woman we report had a profound mixed metabolic and respira-
tory acidosis. On review of the literature, an excellent clinical 
response to lipid emulsion and activated charcoal for a mixed 
overdose of salbutamol and theophylline was described in one 
patient.5 Similarly, in this case activated charcoal was given to 
aid elimination of theophylline. Furthermore, theophylline 
clearance was aided by continuous venovenous haemofiltration. 
The literature suggests that the combination of haemofiltra-
tion and oral activated charcoal is useful treatment method in 
such cases.6 The patient described in this case report developed 
distributive shock; this appears to be a feature of theophylline 
toxicity.7 The haemodynamic instability resolved in our patient 
following theophylline removal.

Theophylline toxicity with corresponding amnestic syndrome 
and hippocampal hyperintensities has been rarely reported.4 8 
The presumed pathogenesis of this is via inhibition of adenosine 
receptors resulting in hippocampal damage.4 Adenosine acts 
as both a homoeostatic regulator and neuromodulator in the 
central nervous system.9

Table 1  Serial arterial blood gas (ABG) measurements

ABG 1 ABG 2 ABG 3 ABG 4 ABG 5 ABG 6

pH 7.19 6.99 7.25 7.32 7.27 7.4

pCO2 (kPa) 5.0 7.8 5.2 4.9 6.5 4.4

pO2 (kPa) 10.1 37.3 27.7 21.3 11.5 10

HCO3 (mmol/L) 14.2 14 17.1 18.9 22.1 20.5

Lactate (mmol/L) 5.8 13.9 6.8 2.8 2.1 1.2

Glucose (mmol/L) 8.9 10.6 9.6 8.1 9.1 7.8

Initial measurement taken after first generalised seizure in the emergency department. 
The patient was intubated following the second ABG outlined above. ABG 6 taken 10 
hours post-intubation.
pCO2, partial pressure of carbon dioxide; pO2, partial pressure of oxygen.

Figure 1  (A) MRI brain T2-fluid attenuated inversion recovery 
(FLAIR)—admission scan demonstrating bilateral hyperintensities in 
the hippocampi. (B) MRI brain T2-FLAIR—4-month follow-up scan, 
demonstrates significantly reduced bilateral but persistent hippocampal 
hyperintensities.
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The neuromodulatory role relies on balancing the activation 
of inhibitory A1 receptors and facilitatory A2 receptors via 
the control on excitatory glutamatergic synapses.9 Dragunow 
by using an animal model demonstrated that aminophylline 
may prolong seizure activity through the inhibition of A1 
receptors.10

This lends support that other methylxanthine drugs likely play 
a role in the prolongation of seizure as was seen in our case. Kohl 
et al hypothesise excitation of glutamate due to failure of acti-
vation of A1 inhibitory receptors results in structural damage. 
We postulate that in our patient the persistent bilateral hippo-
campal MRI signal intensities and abnormalities on neurological 
testing are supportive of theophylline induced status epilepticus 
and damage to the hippocampi. This is supported by a number 
of cases of theophylline associated seizures resulting in cerebral 
damage. A case series that reviewed the neuropathology of five 
patients who died following status epilepticus and concurrent 
theophylline treatment identified lesions in the amygdala, hippo-
campus and thalamus.11
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Learning points

►► Theophylline while a commonly used drug in obstructive 
airway disease can have profound and long-lasting 
neurological sequelae if consumed in supra-therapeutic 
quantities as seen in overdose.

►► Theophylline should be administered with caution in older 
patients and those with underlying seizure risk factors.

►► Mesial temporal lobe hyperintensity can be seen following 
status epilepticus. These changes typically resolve following 
recovery. We postulate that in this case, the toxic effect 
of theophylline significantly contributed to the persistent 
neuroimaging abnormalities.
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