A guide to the tests used to diagnose epilepsy     

                                                                   by Jayant Acharya, M.D.

A seizure is a sudden, brief alteration of behavior due to a transient abnormality in the electrical activity of the brain.  The term epilepsy refers to a longstanding brain condition characterized by recurrent seizures. In other words, a seizure is a symptom of an underlying brain disorder, which is epilepsy. When a patient has two or more seizures that are not due to a specific provoking factor, such as low blood sugar, severe sleep deprivation, withdrawal from alcohol or drugs, s/he has epilepsy. 

When a patient presents with a history of seizures, the physician first tries to determine if they are epileptic or from some other cause. Several conditions can mimic epileptic seizures. These include syncope (fainting), non-epileptic seizures of psychogenic origin, transient decrease in blood supply to the brain (transient ischemic attacks), sleep disorders, panic attacks and migraine. A detailed description of the events from the patient or an eyewitness can be extremely helpful in resolving this issue, but this may either not be available or be insufficient.  Additional testing is often required to establish the true nature of the events.

Once it appears that a patient has epileptic seizures, the physician attempts to determine where the epilepsy originates within the brain and what is causing it. Patients can have different types of seizures and they are classified, based on their origin within the brain, into those that begin within a part of the brain (partial seizures) and those that originate in the entire brain (generalized seizures). Similarly, epilepsy is not a single disorder and, based on its origin within the brain, it is classified into partial (localization-related) epilepsy and generalized epilepsy.  Many causes of epilepsy have been identified. In general, epilepsy can be hereditary or due to unknown cause (idiopathic) or be related to a specific pathology within the brain such as a stroke, brain tumor, head injury, infection.  Knowledge about the type of epilepsy and its cause is essential in planning appropriate medical, including the choice of a specific antiepileptic medication, or surgical treatment and in predicting the likely long-term outcome (prognosis). Although clinical history can provide valuable information in this regard, additional tests are usually necessary to obtain precise information.

Major tests used in patients with epilepsy include sampling of blood, electroencephalogram (EEG), and computerized tomography (CT) scan or magnetic resonance imaging (MRI) of the brain. Additional tests may be necessary in specific situations. For instance, if a brain infection (meningitis, encephalitis) is suspected, a spinal tap may be done to analyze cerebrospinal fluid. In patients with seizures that are not adequately controlled by medications and in whom surgery is being considered, tests such as video-EEG monitoring, positron emission tomography (PET) and single photon emission computerized tomography (SPECT) scans, detailed neuropsychological testing and the Wada test may be done. Video-EEG monitoring is also used to confirm the diagnosis of epilepsy.  

Blood sampling:  In the acute state, i.e. shortly after a seizure, blood testing can be helpful in determining its cause and in instituting prompt treatment. Blood glucose is routinely measured in patients presenting to the emergency room since both low and high levels can cause seizures. Low sodium (hyponatremia) is another important cause that can be easily identified by blood testing.  Alcohol and drug abuse (cocaine, amphetamines, PCP) can be associated with seizures and measurable concentrations of these may be found in blood or urine at the time of the seizure.  Withdrawal from alcohol and some drugs such as phenobarbital or benzodiazepines can also cause seizures, but these may not be present in measurable amounts at the time of the seizure. All these may not only cause provoked seizures but also result in seizure recurrence in a patient with known epilepsy.    

In a patient who is already on antiepileptic medications, blood testing is done in the outpatient setting to check antiepileptic drug levels and to screen for adverse drug effects.  A specific “therapeutic range” of blood levels has been established for each of the older antiepileptic drugs, including phenobarbital, primidone (Mysoline), phenytoin (Dilantin), carbamazepine (Tegretol) and valproic acid (Depakote).   In general, the goal is to keep the patient within the therapeutic range for a particular drug.  Levels above the upper end of the range are likely to result in significant adverse effects, and levels below the lower end of the range are likely to be ineffective. However, this is a general guideline and individual patients may do well in terms of seizure control and side effects with low or high levels.  With newer antiepileptic drugs such as lamotrigine (Lamictal), topiramate (Topamax), gabapentin (Neurontin), levetiracetam (Keppra), oxcarbazepine (Trileptal), zonisamide (Zonegran) and tiagabine (Gabitril), routine estimation of blood levels is usually not done, although it may be helpful in certain situations. Some antiepileptic drugs have the potential to affect blood counts, liver function and sodium. Periodic blood screening is useful in early identification of abnormalities.    

EEG:  The EEG is the most important test in patients with epilepsy. It is used to establish the diagnosis of epilepsy and to determine its likely origin within the brain. It is usually done as an outpatient procedure. The EEG records the electrical activity of the brain by means of several electrodes placed at different points on the head.  A standard recording lasts approximately 30 minutes during which the patient lies down with eyes closed. An attempt is made to obtain part of the record during sleep since abnormalities may sometimes be seen only while the patient is asleep. Procedures such as hyperventilation and intermittent stimulation with a strobe light are also used to activate abnormalities.

In patients with epilepsy, the physician looks for abnormal activity in the form of epileptiform discharges (spikes, sharp waves). These discharges are seen even if the patient is not actively having a seizure. Rarely, patients may actually have a seizure during the recording.  The presence of epileptiform discharges usually confirms epilepsy and the location of the discharges indicates whether the patient has partial or generalized epilepsy.

CT scan and MRI:  These tests are done to look for a structural abnormality in the brain, which could be the cause of epilepsy in a particular patient.  CT creates images of the internal structure of the brain using X-rays and computers. MRI produces more detailed images than CT and uses magnets instead of X-rays.  

An MRI is generally preferred to a CT scan in patients with epilepsy since it can identify relatively subtle abnormalities that may be missed on CT, such as scarring of an area of the brain called the hippocampus (mesial temporal sclerosis). A special MRI technique (epilepsy protocol) is often used to evaluate this region in detail. However, a CT scan is more readily available and faster to perform, so it is often used as an initial screening test to look for major abnormalities, particularly in the emergency room.

If an abnormality such as scarring, tumor, stroke or evidence of brain damage from injury is seen on MRI or CT, it could be the cause of epilepsy, especially if EEG abnormalities are also seen in the same region. If a structural abnormality is identified it also means that it may have to be specifically treated apart from the epilepsy. For instance, a patient with a brain tumor will need surgery for the tumor in addition to antiepileptic medications.  

Video-EEG monitoring: This refers to the simultaneous recording of clinical behavior and EEG. It involves staying for 4-7 days in a hospital with facilities for monitoring. EEG is recorded continuously and a video camera records clinical behavior throughout the stay.  The emphasis is on recording seizures or events and analyzing the recorded behavior and the EEG changes during them, although the physician also looks at the EEG in between events to look for abnormalities. 

Video-EEG monitoring is done for two main reasons. Diagnostic monitoring is done when it is not clear from the clinical evaluation and routine EEG whether the patient has epileptic seizures or non-epileptic events. A careful analysis of the clinical behavior recorded on video and the EEG allows the physician to make this distinction. Epileptic seizures are typically associated with rhythmic changes in the EEG, whereas in non-epileptic events the EEG usually does not change significantly. 

The second indication for video-EEG monitoring is precise identification of the area in the brain from which seizures arise in a patient with partial epilepsy whose seizures are not controlled with antiepileptic medications and in whom surgery for epilepsy is being considered. Since seizures need to be recorded over a relatively short period, the physician may decrease or even stop antiepileptic medications during this period. Studies have shown that this facilitates recording of seizures without significant danger to the patient. The region from where rhythmic changes are first seen on EEG during a seizure is the likely epileptic focus. This information is then compared with any abnormalities seen on MRI.  Additional tests such as SPECT during the event and PET may be done to provide further evidence regarding the location of the epileptic focus. If all the information suggests that a patient’s epilepsy arises in a single region of the brain where surgery is not likely to lead to significant postoperative long-term problems, the patient may be a good candidate for surgery. 

Most often surgery is performed in the temporal lobe where the major concern is impairment of memory after surgery. Usually memory is already severely impaired or lost in the temporal lobe that is generating seizures and the other temporal lobe mediates remaining memory function so that surgical removal of the affected temporal lobe is normally not associated with significant worsening of memory. This can be more objectively confirmed by detailed neuropsychological testing before and after surgery, and by the Wada test (intracarotid amobarbital procedure). The Wada test involves the administration of a short-acting anesthetic drug into the major blood vessel (internal carotid artery) that supplies blood to each half of the brain. This results in temporary paralysis of one half of the brain so that the other half can be tested for language and memory function. After the effect of one injection wears off, the other side is injected. In this way, memory in each half of the brain can be separately tested. The ideal result of the test would be severely impaired function on the side with the epileptic focus and normal memory on the other side, indicating a low probability of further memory impairment after surgery.  

Limitations of tests: All these tests provide very useful information about different aspects of epilepsy but they also have certain limitations. A normal EEG does not exclude epilepsy. Studies have shown that the first EEG records epileptiform discharges in only 50-60% of patients with definite epilepsy.  This is because epileptiform activity is present at brief intervals during the day and no activity may be seen during a routine 30-minute record in some patients. Repeating EEGs (up to four) with additional activating procedures, including partial or total sleep deprivation the previous night, increases the likelihood of recording abnormalities to approximately 90%. Additional EEGs do not provide more information so that in about 10% of patients no epileptiform activity is ever recorded on a routine EEG.   In such patients a definite diagnosis can be established with brief (4-7 days) video-EEG monitoring, but only if seizures are frequent.  As with EEG, a normal MRI does not mean that the patient does not have epilepsy. Many patients with generalized epilepsies, particularly hereditary epilepsies such as absence epilepsy (petit mal) or juvenile myoclonic epilepsy, can have normal MRIs.  Video-EEG monitoring is considered the gold standard for distinguishing between epileptic seizures and non-epileptic seizures. However, no definite epileptic pattern may be seen in the EEG in some forms of seizures, particularly if they are not associated with loss of consciousness (such as auras) and in seizures arising from the frontal region of the brain. In patients being evaluated for epilepsy surgery, EEG may show changes on both sides of the brain or MRI abnormalities may be seen in a different area of the brain than the EEG changes, so that it is not clear which part of the brain is generating seizures.

In the future, newer tests such as magnetoencephalography (MEG), magnetic resonance spectroscopy (MRS) and functional MRI (fMRI) are likely to be increasingly utilized.  However, the most important tool that a doctor has is a careful medical history and clinical evaluation. Laboratory tests are used as a supplement, and ultimately the physician uses clinical judgment in making a final diagnosis and decisions about treatment.
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