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Summary: Purpose: Controversy persists about when EEG
became a fundamental tool in the preoperative investigation for
epilepsy surgery. We revisit Penfield’s first use of invasive EEG
monitoring, emphasizing its historical importance for the evolu-
tion of epilepsy surgery.

Methods: Patients’ hospital charts and articles published be-
fore 1940 regarding EEG and epilepsy or EEG and cerebral
lesions were reviewed to evaluate the historical context of the
surgery.

Results: In April 1939, Penfield performed trephination over
both temporal regions and placed electrodes on the dura, in-
tending to lateralize seizure origin in a patient with bitemporal
epilepsy. The patient underwent serial EEGs with this technique.
The final report of the recordings from epidural leads was “con-

tinued random delta activity in the left temporal region indicat-
ing a cortical lesion on this side.” The pneumoencephalogram
showed “the presence of diffuse cerebral atrophy, particularly in
the left cerebral hemisphere.” Based on these findings, the pa-
tient underwent surgery on April 21, revealing a meningocere-
bral scar in the posterior part of the left temporal lobe. Brain
stimulation and electrocorticography delineated the extent of
resection, while preserving the speech area. Seizures did not
improve.

Conclusions: We revisit the first case of epidural EEG mon-
itoring for epilepsy surgery and show that the concept of EEG-
directed surgery was already present at the Montreal Neuro-
logical Institute in the late 1930s. Key Words: Epilepsy—
History—Neurosurgery—Penfield—Jasper.

Engel divides surgery for epilepsy into three histori-
cal phases: lesion-directed surgery, EEG-directed surgery,
and imaging (lesion)-directed surgery (1). In the first
phase, operations were aimed at resection of brain lesions
diagnosed by a detailed review of seizure pattern and by
neurologic examination. The second phase started when
clinicians acknowledged EEG as a tool of prime impor-
tance for localization of epileptogenic areas in the brain
(2). A monograph by Penfield and Erickson in 1941 con-
tains a chapter by Jasper, in which he remarks, “that a
consistently localized random spike or sharp-wave focus
worked out on the scalp surface is a faithful guide to a focal
cortical epileptic discharge” (3). Nevertheless, the article
written by Bailey and Gibbs in 1951 (4) has been consid-
ered the milestone between the first and second phases (1).
The advent of new methods of imaging brought new per-
spectives to the understanding of the interaction between
lesions and epileptogenic areas in epilepsy.
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Invasive monitoring was a risky procedure carried out
only by neurosurgeons convinced of the reliability of EEG
to define an epileptic area, and as such, it should be in-
cluded in the second phase of epilepsy surgery. Penfield
(5) described the first case of intracranial EEG monitoring
for surgical treatment of epilepsy in 1939. We revisit this
case, emphasizing its historical importance in the evolu-
tion of epilepsy surgery.

CASE REPORT

The patient, 32 years old, had a head injury in a car
accident in March 1937. He had a period of unconscious-
ness lasting for 3 days, followed by irritability and aggres-
sive behavior for 13 days. On day 17, his mental faculties
cleared, and he was discharged apparently without perma-
nent sequelae. Associated with the accident was bleeding
from the left ear and a skull fracture of the base and the
left parietal bone. Over the following year, he had two
episodes of loss of consciousness, one in January and other
in April 1938, but without aura and questionably no con-
vulsive movements. Aggressive behavior lasting ~30 min
followed the episodes.
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FIG. 1. Patient's pneumoencephalogram done in 1938, 1 year

after his car accident, showing bilaterally enlarged ventricles with
selective dilatation of the left temporal horn.

His first admission at the Montreal Neurological In-
stitute (MNI) was on May 15, 1938. During evaluation
for the loss of consciousness, he underwent a radiograph
that showed the old parietal fracture without depression.
Pneumoencephalography disclosed diffuse cerebral atro-
phy (Fig. 1), more apparent on the left side. On May 29,
he was discharged to his home with no medication.

His second admission occurred April 8, 1939. Between
admissions, he had an additional four episodes of loss of
consciousness, similar to the earlier ones. EEGs showed
bitemporal epileptiform discharges. Pneumoencephalo-
grams again showed bilateral atrophy, more apparent on
the left side. Because of bilateral findings on scalp EEG
and imaging, the patient underwent placement of epidu-
ral single-contact electrodes through burr holes over both
temporal lobes (Fig. 2). A series of EEG, using a four-
channel ink-writing EEG apparatus, were done during
daytime hours over a 3-day interval. At night, he was taken
back to the ward. The invasive monitoring, recording si-
multaneously from both sides, showed continued random
delta activity in the left temporal region, indicating a cor-
tical lesion on this side, as compared with the normal EEG
on the right side. Based on the dural lead finding, the pa-
tient was taken to the operating room on April 21, where
a meningocerebral scar was removed from the posterior
part of left temporal lobe. Because the lesion was very
close to the speech area, the surgery was done under local
anesthesia, and the patient encouraged to talk constantly
to Dr. Donald Hebb, who drew him out on various subjects
while the area of scar was being removed. Intraoperative
brain stimulation was used to map the motor and sensory
cortex. Electrocorticography (ECoG) showed no epilepti-
form activity over the scar but slow waves on the adjacent
cortex. Afterdischarges lasting for <4 s were recorded on
one occasion while stimulating close to the scar tissue.
At the end of the surgery, the electocorticographically ac-

FIG. 2. Patient with the epidural lead and reference electrode
on ear lobe positioned for recording. He was monitored for 3 days
until enough data were gathered for surgery.

tive area was only partially removed, and no improvement
was found on the postoperative EEG (Fig. 3). Immediately
after the surgery, the patient did well, but on the first post-
operative day, he developed aphasia, and on the second
day, epileptic attacks, both focal and generalized. Seizures
lasted for 6 days, after which the patient improved, and he
was discharged to his home.

The patient’s seizures did not improve, and he was ad-
mitted for a third time in 1940. Scalp EEG showed sharp
spikes over the anterior part of the left temporal lobe, in
front of the area of previous resection. Surgical treatment
was not performed because the EEG focus was too close
of the speech area. Follow-up to 1950 disclosed no im-
provement of the seizures.

To evaluate whether the procedure was original at
that time, we reviewed articles published before 1940
regarding EEG and epilepsy or EEG and cerebral le-
sions, compiled by International Federation of Electroen-
cephalography and Clinical Neurophysiology (6). We
used information about identity and location of authors
and title of the article to select articles from neurologists
and neurosurgeons in which EEG technology was avail-
able for study of seizures.

DISCUSSION

The outcome was disappointing in this case, but the case
illustrates several important points. It displays the technol-
ogy available and the difficulties of performing surgery for
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FIG. 3. Operative map showing the ar-
eas delineated by EEG (horizontal lines),
ECoG (vertical lines), extent of the le-
sion (dots), and surgical resection (solid
lines). The letters represent responses
from mapping of sensorimotor strip by
stimulation. As the resection did not en-
compass completely the ECoG active
area, the prognosis was defined as poor.

epilepsy in the 1930s. It also shows Penfield, Jasper, and
Hebb working together as team during the surgery, attest-
ing to the MNI multidisciplinary approach. In addition, the
case shows adoption of the EEG as a fundamental tech-
nique to define an epileptic focus, because it disclosed the
abnormality only on one side, despite bilateral atrophy on
radiographs. It emphasizes the importance for epilepsy of
the epileptogenic area, and not just the lesion. The idea
of the epidural leads presumably came from Jasper. He
was working with epidural ECOG in cats and had stated
earlier that scalp could be an important source of artifacts
and errors for EEG (7). Prolonged invasive EEG had not
been used in humans before. Carrying out such procedure
indicates that Penfield had a high degree of confidence
in Jasper and in EEG. The EEG-directed approach for
epilepsy surgery was reaffirmed when a second surgery
was discussed a year later because of persistent spikes in
the temporal lobe, even after most of the scar had already
been removed.

In Europe, the most prolific groups working with
epilepsy and neurophysiology were in Germany. Berger
(8), despite his work with EEG, was not interested in using
it to localize intracranial lesions. Even epilepsy occupied
only a small part of his efforts. After the ascension of
Nazism, he had difficulties pursuing his research and di-
gressed from the evolution of his invention. Foerster (9),
conversely, was doing epilepsy surgery on a routine basis
in 1935 and described the use of ECoG during surgery.
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Like Berger, he had poor relations with the German gov-
ernment and came under intense stress because his wife
was Jewish. His work was interrupted before implement-
ing scalp EEG. In this context, Berlin became the most
prominent site for work with EEGs in Germany. Tonnis
(10), working with Kornmiiller as an electrophysiologist,
did cases of epilepsy surgery, but his field of interest was
tumor surgery. In his article in 1939, describing 34 cases of
scar resection for epilepsy, Tonnis did not mention EEG.
During the war, his work was diverted to treatment of
wartime wounds.

In North America, after Jasper published the first article
abouthuman EEG, the technique gained wider acceptance.
Some groups disputed the supremacy of clinical EEG be-
fore 1940: Jasper at Providence and Schwab, Davis, Gibbs,
and Lennox at three different units at Harvard. In Lennox’s
extensive review of 1941 (11), fewer than 2 pages were
dedicated to surgery for epilepsy. Nevertheless, one patient
seen by Cobb and Gibbs underwent frontal lobectomy by
Mixter in 1938, based on EEG findings. Unfortunately,
the outcome was not successful (12). After Gibbs moved
from Harvard, no epilepsy surgery was done at that insti-
tution until the arrival, much later, of Welch, Blume, and
Cosgrove, who had trained at the MNI.

In the second half of the 1930s, several authors pub-
lished articles using scalp EEG or ECoG to confirm local-
ization of epileptogenic lesions, which had been diagnosed
by neurologic or other auxiliary examinations (13-17).
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In Argentina, Manuel Balado (18) published several ar-
ticles about using EEG to localize brain tumors. He even-
tually wrote a textbook about EEG in 1939. As he always
wrote in Spanish, his work had some impact on Latin
America but was not acknowledged in the English lan-
guage literature. He was not known to have used invasive
EEG.

In the late 1930s, most of neurologists were working
with epilepsy, whereas neurosurgeons were working with
brain lesions, presenting as seizures. In this scenario, the
close relation and mutual respect of Jasper and Penfield,
associated with their interest in epilepsy, created an envi-
ronment for research and treatment for this disease at the
MNI. The history of their accomplishments has been told
before (19,20). The case reported offers another exam-
ple of their valuable pioneer work in the field of epilepsy
surgery.
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