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Accelerated long-term forgetting (ALF) is a condition in which normal memory performance is displayed after
short delays, but significant memory loss is detected when memory is tested after several days or weeks. This
condition has been reported in patients with epilepsy, but there are few normative scores available for its detec-
tion in clinical practice. In the present study, we assessed 60 healthy control subjects 18–60 years of age on three
memorymeasures [Rey Auditory Verbal Learning (RAVLT), Logical Memory (LM), and Aggie Figures] at delays of
30 min and 7 days. With these normative values, we determined cutoff scores to look for ALF and then catego-
rized the performance of 15 patients with focal epilepsy on the same tasks. Seven of the patients showed ALF,
and, in four of these, no other memory deficits (i.e., deficits at 30 min on at least one task) were detected. Of
the several demographic and epilepsy factors examined, only higher estimated IQ and older age predicted ALF
(and only on one task: RAVLT). The findings provide a useful set of data to be applied in the clinic and some in-
sight into the factors that influence retention within the first week.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Accelerated long-term forgetting (ALF) [1,2], also known as long-
term amnesia [3–5], is a condition in which a person shows normal
memory in the short run (i.e., 20–30 min postpresentation) but signifi-
cant loss of material after longer delays (e.g., days or weeks). Because
neuropsychological tests usually only involve assessment of memory
at shorter intervals, this condition cannot be detected under standard
conditions. However, when special efforts are made to measurememo-
ry over longer periods, ALF has frequently been reported in studies of
patients with both temporal lobe epilepsy (TLE) [6–8] and transient ep-
ileptic amnesia (TEA) [9]. Recently, it has also been identified in patients
with extratemporal foci [10]. Furthermore, patients' complaintswith re-
gard to everyday memory have been found to better correlate with im-
pairments in long-term delayed recall than with deficits in recall at
30 min [9,11,12], emphasizing the importance of capturing longer
term memory deficits as part of the clinical assessment.

Many of theprevious investigations of ALF have employed “in-house”
material specifically designed to address particular study questions
(e.g., [5,12–18]). In the subset of studies that have tested long-term per-
formance on routinely presented clinical material [e.g., Rey Auditory
Verbal Learning Test (RAVLT), Rey Complex Figure Test, and Wechsler
Memory Scale subtests], normative values from matched control sub-
jects either are based on a small sample (e.g., [12,19–21]) or have yielded
no significant differences between the control group and the patient
group [22]. However, in 1997, Geffen et al. [23] provided norms for the
RAVLT word list, including mean recall scores after 7 days, from a large
normative sample. They found that younger (20–39 years of age) and
older (40–59 years of age) groups performed similarly on both learning
and 7-day delayed recall. They also determined that long-term recall re-
sults obtained over the telephonewere not different from those obtained
in face-to-face testing.

In a recently published critical review of ALF studies, Elliott et al. [24]
concluded that the creation of a set of standardized clinical ALF tests
that involve both verbal stimuli and nonverbal stimuli and have suitable
sensitivity would be ideal. Although the RAVLT and the Logical Memory
(prose passages) subtests of theWechsler Memory Scale are commonly
used to assess verbal memory in epilepsy centers (at least at short de-
lays), there is more variability in the tests used to assess nonverbal
memory [25,26]. Jones-Gotman and colleagues [26–28] introduced the
use of lists of abstract designs (e.g., Aggie Figures) for learning and re-
tention as a visual analogue to the RAVLT. For this sort of material,
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patients with large right hippocampal removals show deficits in
(1) learning over the first few presentation trials and (2) percent reten-
tion over a 24-hour period [28]. Longer delays were not considered. The
first goal of this study was to provide normative data for long-term
(i.e., 7 days) recall of threememory tests: RAVLT,WMS-IV LogicalMem-
ory, and Aggie Figures.

Interestingly, in healthy subjects, sex effects have been found on
tests of anterograde verbal memory. On the RAVLT, Geffen et al. [23]
found that women outperformed men in memory for words at both
30-min and 7-day recall. Women also tend to show better memory for
stories (at least until 30-min delay) [21,29], but, to our knowledge, sex
differences in story retention over longer intervals have not been stud-
ied. With regard to memory for visual material, in one study, women
performed better than men at remembering the position of an object
in an array [30], but no one has found evidence of sex differences on
tasks involving memory for abstract designs. For the present study, we
considered possible effects of sex, along with age and education level
when determining normative values for the target tasks.

With respect to identifying ALF in patientswith focal epilepsy, previ-
ous investigations have tended to compare the mean score achieved by
the patient group with that achieved by the control group to determine
whether the patients with epilepsy (as a group) show pattern charac-
teristic of ALF (e.g., [7,19,31,32], see also [19]). Hence, it is not clear
whether (and how often) one would detect ALF in individual patients
with focal epilepsy using cutoff scores. This could be done by establish-
ing a quantitative definition of ALF (i.e., normal memory initially with
greater-than-expected loss over time) based on normative values. The
second goal of this study was to examine rates of ALF in patients with
focal epilepsy.

Several factors have been found to contribute to ALF. In a review
paper [33], we concluded that older age and higher IQ seem to be linked
with this diagnosis. In adults with epilepsy, ALF has primarily been
identified in those with a temporal lobe focus [3–5,8,34–36] but is not
necessarily linked to hippocampal abnormalities [9,22,37]. Consis-
tent with this, Lah et al. [32] reported a steep decline in memory over
a 24-hour period in patients with TLE with hippocampal pathology on
MR imaging but a more gradual decline in memory over several days
in patients with TLE with no hippocampal abnormalities. Side of lesion
has also not been found to predict its occurrence in a material-specific
fashion [22,31]. That is, there is little evidence that left-sided epilepsy
results in selective ALF for verbal material and that right-sided epilepsy
causes ALF for visualmaterial (whichwould be suggested frompatterns
seen after shorter intervals) [38–41]. Instead, there is some indication
that patients with left-sided epilepsy havemore pervasivememory def-
icits (i.e., affecting both verbal retention and nonverbal retention),
whereas patients with right-sided foci have shownALF limited tomem-
ory for designs (sparing long-termverbalmemory) [6,12]. The third aim
of the present study was to consider the possible influence of these fac-
tors in a prospective sample of patientswith focal epilepsywhopresent-
ed to our clinic for assessment. Finally, we looked at the overlap and the
differences between patients found to have ALF and those who showed
memory defects at 30min.We hypothesized that the presence of a hip-
pocampal lesion might be more likely in the latter case.

2. Method

2.1. Subjects

Sixty healthy normal control (NC) subjectswere recruited as a sample
of convenience from amongst friends and relatives of the three investiga-
tors as well as relatives of patients seen at the Neuropsychology Unit at
Royal Prince Alfred Hospital. Subjects were asked to participate if they
met the following criteria: spoke English as their best language and had
no psychiatric or neurological history (including no previous seizures).
We intentionally sought equal numbers of males and females evenly dis-
tributed in older (40–60 years of age) and younger (18–39 years of age)

groups. In addition to age, subjects were divided according to gender
(male or female) and education level (less than or equal to 12 years of ed-
ucation or post-high school education). Participants with any post-high
school education were not divided further because analyses indicated
no differences between those with postgraduate qualifications and
those without postgraduate qualifications on any of the memory mea-
sures. Two NC participants failed to return the Aggie Figures response
sheet after one week, so those data points are missing.

A prospective sample of 23 patients thought to have epilepsy who
presented to the seizure clinic for neuropsychological evaluation
also underwent assessment on all three long-term memory mea-
sures described below. These subjects met the same criteria listed
above with the exception of having a history of seizures. Nine of
these patients were eliminated from this study either because epi-
lepsy was not confirmed or because they had primary generalized
as well as focal-onset seizures. The 15 patients with EEG-confirmed
focal epilepsy who were tested in this study included 8 women and
7 men between 18 and 61 years of age (mean = 37). See Table 1
for information on the distribution of the NC and patient participants
with regard to demographics.

On the basis of imaging, EEG studies, and clinical history, the side
and site of epileptic focus were determined without knowledge of the
neuropsychological results. There were 9 patients with TLE and 6 pa-
tients with extratemporal epilepsy (ETE). Eight patients had left-sided
foci, 6 patients had right-sided foci, and, in 1 patient, lateralization of
seizure focus had not been determined. Five patients had hippocampal
lesions, 1 patient had undergone hippocampal removal as part of a tem-
poral lobectomy, and the other 4 patients had hippocampal sclerosis.
The remaining 10 patients had no visible hippocampal abnormality on
MRI. A Supplemental Table is provided with all of the patient details.

All subjects gave their informed consent, and the project was ap-
proved by both the University of Sydney and the Royal Prince Alfred
Hospital Human Ethics Committee.

2.2. Materials

Threememory testswere used in this investigation. The stimuli for all
three were administered as part of a larger study in a session that lasted
approximately 90 min. In all three cases, the intervals between immedi-
ate recall and 30-min delayed recall were filled with other tests, as typi-
cally occurs in a clinical assessment. The intervening material was of a
different modality than the test material. Tests were administered in
the order presented below. Following standard protocol, subjects were
not forewarned about any of the recalls. Although often included in a
clinical assessment, for this study, recognition memory was not tested
at 30min to avoid the representation of thematerial serving as a remind-
er. At the end of the standard in-office assessment, arrangements were
made for a convenient time and telephone number at which a follow-
up interview could be performed 7 days post-assessment, and the sub-
ject was provided with a self-addressed stamped envelope and a blank
piece of paper (unbeknownst to them, for the long-term Aggie
Figures recall).

2.2.1. Rey Auditory Verbal Learning Test (RAVLT)
The Rey Auditory Verbal Learning Test is a well-known clinical mea-

sure of verbal learning and memory [42]. A 15-item word list (List A) is
presented over five learning trials. In each trial, the list is read aloud to
the subjects, and they are asked to recall as many words as possible. A
distractor list of 15 items (List B) is then readby the examiner and recalled
by the subject in a similar fashion (but only once), and an unprompted
(“immediate”) recall of List A follows. Twenty to 30min later, delayed re-
call of List A is requested. For this study, subjects were also called 7 days
later, and long-term recall of List A was collected over the telephone.
Scores used in this evaluation were the recall at 30 min and the Percent
Change score: [(30-min recall − 7-day recall) / 30-min recall] × 100.
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