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ABSTRACT

Objective: This study explored the association between long-term epilepsy surgery outcome and
changes in depressive symptoms.

Methods: Adults were enrolled between 1996 and 2001 in a multicenter prospective study to
evaluate outcomes of resective epilepsy surgery. The extent of depressive symptoms and depres-
sion case status (none, mild, or moderate/severe) were assessed using the Beck Depression In-
ventory (BDI) preoperatively and 3, 12, 24, 48, and 60 months postoperatively. A mixed-model
repeated-measures analysis was performed, adjusting for covariates of seizure location, gender,
age, race, education, and seizure control.

Results: Of the total 373 subjects, 256 were evaluated at baseline and 5 years after surgery. At
baseline, 164 (64.1%) were not depressed, 34 (13.3%) were mildly depressed, and 58 (22.7%)
had moderate to severe depression. After 5 years, 198 (77.3%) were not depressed, 20 (7.8%)
were mildly depressed, and 38 (14.8%) were moderately to severely depressed. Five years after
surgery, the reduction in mean change from baseline in BDI score was greater in subjects with
excellent seizure control than in the fair and poor seizure control groups (p � 0.0006 and p �

0.02 respectively). Those with good seizure control had a greater reduction in BDI score than the
poor seizure control group (p � 0.02) and borderline significant reduction compared with the fair
seizure control group (p � 0.055).

Conclusion: Although study participants had initial improvement in depressive symptoms, on av-
erage, after resective surgery, only patients with good or excellent seizure control had sustained
long-term improvement in mood. Neurology® 2011;77:1972–1976

GLOSSARY
BDI � Beck Depression Inventory; CIDI � Composite International Diagnostic Interview.

Approximately 20%–50% of people with epilepsy have significant mood problems.1 In cross-
sectional studies, severity of depressive symptoms is more strongly associated with poor quality
of life than seizure frequency.2 However, depressive symptoms may occur peri-ictally,3 suggest-
ing that seizures may cause mood changes.

A few short-term clinical trials showed that antidepressants and psychotherapy modestly
improve depression in people with epilepsy.4 In contrast, we previously found that resective
epilepsy surgery significantly improves mood 2 years after resection.5 In patients without epi-
lepsy, the 5-year risk of depression relapse is up to 80%.6 This study explores the association
between seizure control and depression symptom 5 years after surgery.

METHODS The study sample, surgical protocol, data collection, and psychiatric evaluation were described in detail previously.7 Adult
subjects were enrolled between 1996 and 2001 in a multicenter, prospective study to evaluate outcomes of resective epilepsy surgery.
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A standardized protocol to record history, neurologic evalua-
tion, MRI, video-EEG monitoring, and neuropsychiatric assess-
ments was administered. The Beck Depression Inventory (BDI)
was validated for depression assessments in people with epilepsy,8

including subjects from this cohort.5 BDI scores between 0 and
11 were classified as not depressed, scores between 12 and 15
were classified as mild depression, and scores �15 were classified
as moderate/severe depression. Assessments were conducted at
baseline preoperatively and at 3, 12, 24, 48, and 60 months
postoperatively. Epilepsy control was rated as excellent for sub-
jects who were seizure-free (and no auras) for all 5 years, good if
subjects were seizure-free for 2 consecutive years but not all 5,
fair if subjects were seizure-free for 1 year but never 2 consecutive
years, and poor if subjects never had a 1-year period of seizure
freedom.

Standard protocol approvals, registrations, and patient
consents. An institutional review board approved all proce-
dures in the study.

Statistical methods. The change from baseline BDI score was
calculated at each follow-up time point, and the distribution was
examined. A mixed-model repeated-measures analysis (imple-
mented with SAS PROC MIXED) was performed to compare
change from baseline BDI score among different seizure control
groups. The model included resection location, gender, age,
race, education, time, and seizure control as fixed effects as well
as random intercept and slope. Baseline depression and anxiety
diagnosis, as established by the World Mental Health Composite
International Diagnostic Interview (CIDI), were also further
controlled in the model in the separate analysis. The significance
level was set at 0.05.

RESULTS Of the 373 adult subjects who were re-
cruited and completed at least one BDI (table 1), 164
(64.1%) were not depressed, 34 (13.3%) were mildly
depressed, and 58 (22.7%) had moderate to severe
depression at baseline, as classified by BDI score cut-
offs. After 5 years, among 256 subjects who were
reevaluated, 198 (77.3%) were not depressed, 20
(7.8%) were mildly depressed, and 38 (14.8%) were
moderately to severely depressed (figure 1). Of the sub-
jects with missing data at 5 years, 13 had moderate to
severe depression, and 94 were not depressed at their
last visit. There was no significant difference in baseline
BDI score between completers and those with missing
BDI data at 5 years (p � 0.39). Among the 164 sub-
jects who were not depressed at baseline, 10 subjects
had BDI scores at the moderate to severe depression
range at 5 years (figure 1). Of the 10 subjects who devel-
oped moderate to severe depressive symptoms at the 5
year follow-up, 4 met the criteria for an anxiety disorder
within 1 year before their surgery and 2 had depressive
disorders, as determined by the CIDI, within 1 year
before their surgery; furthermore, 2 had excellent, 3 had
good, 1 had fair, and 4 had poor seizure control after
surgery.

Five years after surgery, differences in mean
change from baseline BDI scores were demonstrated
between excellent and poor seizure control (p �

0.006) as well as between excellent and fair seizure
control (p � 0.02), respectively (figure 2; table e-1
on the Neurology® Web site at www.neurology.org).
Study participants with good seizure control had
greater reductions in BDI scores (less depressive
symptoms) than those with poor seizure control
(p � 0.02) (figure 2). Seizure location (including
laterality), age, race, and education were not associ-
ated with depression outcomes. Subjects with depres-
sive disorder and anxiety disorders at baseline, as
determined by the CIDI, had greater reductions in
the change in BDI score during follow-up than peo-
ple without depressive and anxiety disorders at
baseline (figure e-1, table e-2). The association be-
tween seizure control and BDI was similar with or
without controlling for baseline diagnosis.

DISCUSSION Whereas most study participants in
this cohort had initial improvement in depressive
symptoms after surgery, only subjects with good or
excellent seizure control had sustained long-term im-
provement 5 years after surgery. In contrast to cross-
sectional studies showing no relationship between
seizure frequency and depression score,2 we found
that good seizure control was associated with more
improved depressive symptoms. Further, we previ-
ously found that subjects with excellent seizure con-

Table 1 Demographic and clinical
characteristics of study sample

Characteristics Valuea

No. 373

Age, y, mean (SD) 37.7 (10.4)

Male, % 46.4

Ethnicity, %

Caucasian 81.0

African American 8.9

Hispanic 5.4

Other (Native American or Alaskan
Native, Asian or Pacific Islander)

4.6

Education, y, mean (SD) 13.8 (2.6)

Age at seizure onset, y, mean (SD) 14.8 (11.6)

Surgery, n

Temporal lobe 325

Extratemporal 48

Seizure outcome over 5-y period, n (%)

Excellent: Seizure-free all 5 y 108 (29.0)

Good: >2 consecutive y of seizure
freedom but at least 1 seizure within
the 5-y period

105 (28.2)

Fair: >1 y seizure-free but less than 2
consecutive y of seizure freedom

36 (9.7)

Poor: Never 1 full y of seizure freedom
throughout the 5-y period

58 (15.6)

a Numbers may not sum to totals because of missing data.
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trol have an improvement in quality of life (including
the mental health component of the quality-of-life
measure) compared with subjects with persistent sei-
zures after surgery.9 In contrast to previous studies,
this study demonstrated that patients with good sei-
zure control had depressive scores comparable to
those of subjects who were seizure-free throughout
the 5 years. Interestingly, even subjects with poorly
controlled seizures demonstrated an initial drop in
BDI score. The initial drop may be due to a pla-
cebo response postoperatively, a transient effect of
surgery, a result of the additional care provided by
being enrolled in a study, or partial improvement
with seizure frequency. Conversely, 10 subjects
who reported no depressive symptoms at baseline,

reported moderate to severe depressive symptoms
after 5 years. However, at least 2 of those patients
had a history of depression, and 4 had comorbid
anxiety disorders. Some of these patients may
continue to have emotional lability due to limbic
dysregulation.

Although the linear mixed-effects model we used
demonstrates how BDI scores changed per subpopu-
lation over time, it does not link the timing of seizure
breakthrough to depressive symptoms. Our data can-
not determine whether depressive symptoms are a
part of a peri-ictal phenomenon or a psychological
response to experiencing breakthrough seizures. An-
other limitation of the study is that access to and
quality of mental health care including antidepres-
sant medication use, cognitive behavioral therapy, or
other therapeutic strategies shown to be efficacious
for epilepsy and depression were not recorded sys-
tematically. In depression clinical trials as well as the
clinical setting, as many as 70% of patients discon-
tinue antidepressant medications within 1 year of
treatment,10 but we do not know the patterns of
mental health care in this study cohort. Another lim-
itation is that depression assessments were done by
BDI score, which reflects state rather than trait char-
acteristics, is based on self-reporting of symptoms,
and may be systematically biased on persons with
epilepsy because of overlap of the disorder with so-
matic symptoms and side effects of antiepileptic drug
use. Whereas the CIDI was administered at baseline
and at 2 years after surgery, it was not administered
at 3, 4, and 5 years after surgery.

Figure 1 Baseline and 5-year postsurgery depression frequency

Figure 2 Change in depression over time

BDI � Beck Depression Inventory; LS � least-squares.
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Because psychotherapeutic and psychotropic
management were not adequately monitored in this
study, we may not draw conclusions on whether epi-
lepsy surgery directly improves mood symptoms.
However, subjects who achieved good seizure control
after surgery also experienced long-term mood im-
provement. Those with only fair or poor outcomes
after surgery did not, in the long term, appear to
experience similar benefits. Further research is
needed to explore the long-term temporal relation-
ship between seizures and mood symptoms. Mea-
surement of access to and quality of mental health
care should be incorporated into epilepsy surgical
outcomes studies.
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Historical Abstract: September 1, 1959

NONINFECTIOUS GRANULOMATOUS ANGIITIS WITH A PREDILECTION FOR THE NERVOUS SYSTEM

Humberto Cravioto and Irwin Feigin

Neurology 1959;9:599-609

The central nervous system is only rarely affected in patients with most forms of noninfectious angiitis. In a small proportion
of patients with periarteritis nodosa, the vessels of the nervous system alter as do other organs and cause hemorrhage and/or
ischemic changes in the brain with neurologic signs and symptoms.

In pulseless disease, temporal arteritis, giant cell arteritis, and thromboangiitis obliterans, the vessels of the nervous system
generally escape direct involvement. However, in a few patients, pathologic changes in the great vessels of the neck induce
neurologic manifestations which indicate ischemic changes in the brain.

Free Access to this article at www.neurology.org/content/9/9/599

Comment from Steven M. Greenberg, MD, PhD, FAAN, Editorial Board Member: This article was among the first to delineate
the entity now generally known as primary angiitis of the central nervous system. This disorder remains difficult to diagnose,
leading generations of neurologists to follow scrupulously the authors’ suggestion that “this process should be considered
among the diagnostic possibilities in those patients in whom a protean neurologic symptomatology does not permit a definite
diagnosis of a more common disease.” The 50 intervening years have nonetheless seen important gains, particularly in
identifying many more secondary triggers of cerebrovascular inflammation as well as some at least partially successful
treatments.
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