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Working memory impairments are prevalent among survivors of aneurysmal subarachnoid hemorrhage
(SAH), but few studies have examined specifically these impairments. Such an examination is important be-
cause working memory processes are vital for daily cognitive functioning. In the current study, patients with
SAH and healthy control participants were administered the word-span and alpha-span test — experimental
tests of working memory. In the word-span test, participants recalled increasingly longer word-lists, requir-
ing the maintenance of information in mind. In the alpha-span test, participants recalled the word-lists in al-
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Cognition phabetical order, requiring both the maintenance and manipulation of information. Patients with SAH were
Memory no different from healthy controls on a battery of standard neuropsychological measures or on the word-span

test. They were, however, significantly impaired on the alpha-span test, suggesting a deficit in the manipula-
tion components of working memory. That is, impairment resulting from SAH is present when a working
memory task requires additional executive processing demands. This deficit in patients with SAH does not
appear to be influenced by aneurysm location, suggesting that some of the effects of SAH on cognition are
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from diffuse rather than focal pathology; however, a larger sample size is needed to reinforce this claim.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

There is a high prevalence of cognitive deficits after aneurysmal
subarachnoid hemorrhage (SAH). These cognitive impairments,
much like those that result from other diffuse injury, cut across
multiple domains including memory and executive function [1].
As such, patients recovering from SAH often experience deficits in
a broad range of tasks, true even for those who are functionally in-
dependent and classified as having made a good clinical recovery
[2-4]. To date, we have a limited understanding of the broad char-
acteristics of these impairments, yet such understanding is critical
given that they lead to a consequential decrease in quality of life
for patients after SAH [5,6]. In this report, we focused on under-
standing deficits in working memory, the short term, temporary
storage and manipulation of information in consciousness [7], fol-
lowing SAH because it is a critical process for many activities in
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daily life. Specifically, we sought to determine if SAH impairs work-
ing memory broadly or only when there are additional demands on
executive function.

Working memory tasks require simple storage of information
and in more complex tasks, the stored information needs to be
manipulated online, requiring additional executive resources
such as attention allocation [8]. Studies that have examined
how SAH affects working memory have used tasks that require
only the storage of information online, with variable results
[9,10]. To our knowledge, no study has specifically examined
the different components of working memory (storage and
manipulation).

Given that standard neuropsychological measures used to as-
sess cognitive function include multiple processes and may not
pick up upon the specificity of such impairment following SAH
[11], we chose to use an experimental measure of working mem-
ory with and without additional executive processing demands,
the word- and alpha-span test [12]. If impairments in working
memory following SAH are specific to when additional processing
are required, then patients recovering from SAH should perform
normally on the test that requires the serial recall or temporary
storage of information (word-span test), but impaired on a test
that requires the ability to manipulate the stored information
(alpha-span test).
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2. Methods
2.1. Participants

Twenty-one patients with surgically treated SAH (seven treated
with neurosurgical clipping and fourteen with endovascular coiling)
were recruited from the neurovascular clinic at St. Michael's Hospital.
The mean age of the patients was 56.4 years (SD = 7.8). Thirteen of
the patients were female. All patients had at least ten years of educa-
tion. The ruptured aneurysms were in the anterior communicating ar-
tery [10], middle cerebral artery [7] and posterior communicating
artery [2] or in the posterior circulation system (basilar tip; 2). The
mean time from SAH to testing was 59 months (SD = 96.8). No pa-
tient was clinically amnesic as determined by clinical interview. The
neuropsychological battery collected for research purposes confirms
this as only one participant was greater than two standard deviations
below the normative score of the California Verbal Learning Test
(CVLT) long delay score.

The initial appearance of the hemorrhages was classified accord-
ing to Fisher Grade [13] based on their computed tomography (CT)
at admission (range = 1 to 4; median = 3). The severity of the sub-
arachnoid hemorrhage was graded according to the World Federation
of Neurosurgical Societies Grade (WFNS) classification (range = 1 to
4; median = 2.5). Global impairment disability status of the patient
was noted via clinical interview with the range of deficits from non
neurological deficits [15] to no functional limitation (1), issues with
anxiety (1) to some short-term memory issues (4).

Twenty-one matched healthy control participants, free from neu-
rological or psychiatric illness were recruited from the community via
online advertisements. Table 1 shows the demographics and perfor-
mance of the two groups on standardized neuropsychological tests.
The Hospital Research Ethics Board approved the study and all partic-
ipants gave informed consent.

3. Materials

The word-span and alpha-span tests were administered alongside
a set of standardized tests (Table 1). These are commonly used exper-
imental tasks to assess working memory [14]. Each list contained
common one-syllable words (e.g., edge; bag) that were matched for
concreteness and frequency. For both tasks, participants were read
aloud the lists of random words at the rate of approximately one
word per second. A list length of two (words) is first used. After com-
pletion of a pair at the given list length, the length is increased by one
and another pair is given. This continues to a maximum list length of

Table 1

Demographic characteristics and average scores (standard deviations shown in the pa-
rentheses) for the patients with SAH and the control participants for neuropsycholog-
ical tests (p-values resulting from independent sample t-tests between the groups).

SAH patients Healthy controls p Value
Demographic
Age 56.4 (7.8) 60.3 (10.4) 0.21
Education 14.6 (2.6) 149 (2.3) 0.81
Number of females 13 11
Neuropsychological tests
NART” est. IQ 106 (9.8) 112 (6.5) >.05
CVLT¥ learning (trial 1 to 5) 479 (8.5) 51.5 (14.6) 0.53
CVLT delay 10.6 (2.8) 10.6 (4.2) 0.91
Digit span forward 8.9 (2.1) 10.0 (2.0) 0.17
Digit span backward 6.3 (1.8) 7.1 (2.5) 0.62
DSST® (120 seconds) 59.9 (14.9) 67.1 (19.2) 0.23
Trails A (seconds) 28.2 (11.1) 31.9 (12.1) 0.69
Trails B (seconds) 70.6 (29.3) 65.2 (24.3) 0.90

# National Adult Reading Test; ¥California Verbal Learning Test; €Digit Symbol Sub-
stitution Test.

eight or until the participant fails at both list-pairs of a particular
length. The participants were unaware of this stopping rule. In the
word-span test, participants are asked to repeat back the words in
the same order in which they heard the words. In the alpha-span
test, participants are asked to repeat the words back in alphabetical
order.

In both conditions, the span score (total score) corresponded to
the length of the list for which at least one of the pairs was recalled
correctly. A partial score was calculated by awarding one point to
each member of a correctly recalled adjacent pair for each list in
both conditions. An individual score ([(score in word-span — score
in alpha-span)/word-span] x 100) was calculated to assess perfor-
mance impairment in the alpha-span relative to the word-span test.

4. Results
4.1. Total scores

To examine the effect of both group (SAH versus control) and span
type (word versus alpha) on the total scores, a repeated-measures
analysis of variance (ANOVA) was run. There was a main effect of
span type on the total score (F(1,38) = 19.063, p <0.001), but
there was no effect of group (F(1,38) = 0.889, p = 0.352) nor an in-
teraction between group and span task type on the total scores
(F(1,38) = 1.238, p = 0.273; Fig. 1: left).

4.2. Partial scores

A repeated-measures analysis of variance (ANOVA) with span
type as a within-subjects variable and group as a between-subjects
variable revealed a significant interaction between span type and
group (F(1,38) = 4.109, p = 0.050) as well as a main effect of span
type (F(1,38) = 7.208, p = 0. 011) when examining partial scores.
Exploring this interaction effect more closely, planned comparisons
revealed no significant difference in the word-span condition
(F(1,39) = 0.699, p = 0.409), but a significant difference between
patients with SAH and controls for the alpha-span (F(1,39) = 4.916,
p = 0.03; Fig. 1: right).

To remove biases within individual output, we also examined
score differences ([(word-span score - alpha-span score)/word-span
score] x 100). An ANOVA determined a significant difference be-
tween patients with SAH and controls in terms of score differences
(F(1,39) = 7.262 p = 0.01). Patients with SAH were more impaired
in the alpha-span condition compared to control participants when
we controlled for word-span scores (Fig. 2).

For all analyses, neither the aneurysm location, type of surgical
intervention, Fisher grade nor Hunt and Hess scores related to span
scores, as assessed with univariate analyses, although our small
sample size likely does not give us power to detect any potential
differences.

5. Discussion

This study reports that working memory impairment after SAH is
present not on a global level but rather only when a working memory
task requires additional executive processes to manipulate informa-
tion held online. Compared to healthy control participants, patients
with SAH were impaired on a working memory test that required
the maintenance and manipulation of information (alpha-span) but
not on a task that required simply storing information in conscious-
ness (word-span). We speculate that this is evidence that impair-
ments after SAH is due to a disconnection of cognitive processes
that are needed to work in concert for demanding tasks, and not nec-
essarily impairment in independent cognitive processes, as suggested
by the intact neuropsychological profile of the patients with SAH.
There was no effect of aneurysm variables (location or surgical
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Fig. 1. Left: the average total scores (span length) for SAH patient and control participants.

word-span and alpha-span conditions. Standard error bars are shown.
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Fig. 2. Average individual difference scores ([(score in word-span - score in alpha-span) /
score in word-span] x 100) indicating alpha-span impairment relative to word-span
performance. Standard error bars are shown.

intervention), which is consistent with findings that some cognitive
impairment after SAH are the result of diffuse damage rather than
focal effects [15]. However, this current report includes a very limited
number of participants. A future investigation with a larger sample
size is needed to better address the finding of a null effect of aneu-
rysm location.

In relation to real-world functioning, tasks such as various house-
hold chores, shopping for recipe items and conversational ability all
require memory and executive processes to work in concert. Deficits
in these and other functions may reflect deficits in daily living, which
has been the case for other clinical populations [16].

Working memory functioning has not been the focus of many
prognostic or rehabilitation tools offered to recovering patients with
SAH. Based on findings of successful working memory interventions
with other clinical populations [17,18], future rehabilitative tech-
niques should apply similar techniques to those recovering from SAH.
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