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Evidence from past studies indicates that adults and children with Obsessive-Compulsive
Disorder (OCD) and Tourette syndrome (TS) experience subtle neuropsychological
deficits. Less is known about neuropsychological functioning of children and adolescents with a symptom course consistent with the PANDAS (Pediatric Autoimmune
Neuropsychiatric Disorders Associated with Streptococcal infection) subgroup of OCD
and tics. To provide such information, we administered three tests of attention control
and two of executive function to 67 children and adolescents (ages 5–16) diagnosed with
OCD and/or tics and a symptom course consistent with the PANDAS subgroup and 98
healthy volunteers (HV) matched by age, sex, and IQ. In a paired comparison of the
two groups, the PANDAS subjects were less accurate than HV in a test of response
suppression. Further, in a two-step linear regression analysis of the PANDAS group in
which clinical variables were added stepwise into the model and in the second step
matching variables (age, sex, and IQ) were added, IQ emerged as a predictor of performance on this task. In the same analysis, ADHD diagnosis and age emerged as predictors of response time in a continuous performance task. Subdividing the PANDAS
group by primary psychiatric diagnosis revealed that subjects with TS or OCD with tics
exhibited a longer response time compared to controls than subjects with OCD only,
replicating previous findings within TS and OCD. This study demonstrates that children
with PANDAS exhibit neuropsychological profiles similar to those of their primary
psychiatric diagnosis.
Keywords: PANDAS; Executive functioning; Attention; Obsessive-compulsive disorder;
Tourette syndrome.
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INTRODUCTION
The PANDAS subgroup (Pediatric Autoimmune Neuropsychiatric Disorders
Associated with Streptococcal infections) is defined by five criteria: diagnosis of ObsessiveCompulsive Disorder (OCD) and/or tic disorder; prepubertal symptom onset; abrupt onset
and/or episodic course; neurological abnormalities during symptom exacerbation; and evidence for a temporal association between symptom exacerbations and preceding infections with Group A beta-hemolytic streptococci (Swedo et al., 1998). The etiologic model
for PANDAS is Sydenham’s chorea (SC), the neurological manifestation of rheumatic
fever, in which antistreptococcal antibodies cross-react with basal ganglia antigens and
induce inflammatory changes (Kirvan, Swedo, Heuser, & Cunningham, 2003; Kirvan,
Swedo, Kurahara, & Cunningham, 2006; Kirvan, Swedo, Snider, & Cunningham, 2006).
Neuropsychological functioning in PANDAS has not been assessed previously, although
the cognitive functioning of OCD and Tourette syndrome (TS) has been studied in both
children and adolescents.
Attention in OCD and Tic Disorders
In OCD, research on attention has primarily focused on adults and has shown that
performance on tests of attention generally has not differed from matched controls (see
Greisberg & McKay, 2003 for review). Only two studies of children with OCD have
administered attentional tasks. In a study comparing 21 children with OCD to 21 age-,
sex-, socioeconomic-status-, and intelligence-matched controls, Beers et al. (1999) found
that subjects with OCD performed better on the Stroop test and the Go/No-Go tasks
(Drewe, 1975). In another study, Andrés et al. (2007) administered a battery of neuropsychological tasks to 35 children with OCD without comorbidities, and age- and sexmatched controls. They found no significant differences between the OCD and control
groups on the Wechsler Intelligence Scale for Children-Revised (WISC-R) Digit Span or
Coding (Wechsler, 1974), and moderate differences between groups on the Stroop Test,
with the OCD group performing worse. Studies in TS have produced similarly mixed
results; the only consistent attentional deficit has been a longer response time (RT) in a
computerized continuous performance task.
Executive Functioning in OCD and Tic Disorders
Executive functioning is thought to include the ability to plan, to organize, to reason,
to shift, and to inhibit (Baron, 2004). Kuelz, Hohagen, and Voderholzer (2004) reviewed
the literature on executive functioning in OCD and tic disorders, separating test results
into three categories: set-shifting ability, fluency, and conceptual thinking and planning
ability. In the set-shifting domain, no consistent differences were found between controls
and subjects with OCD on the Wisconsin Card Sorting Test (WCST), though subjects with
OCD have shown decreased performance compared to controls on tests sensitive to orbitofrontal dysfunction, like the Object Alternation Test (OAT; Freedman, 1990). The
authors found 17 controlled studies reported results for fluency tests; in 7 of these,
the OCD group performed more poorly than the controls; however, in the other 10 reports,
the OCD group scored as well or better than the controls. In the conceptual thinking
domain, the authors reviewed three studies using the Tower of London, and four using the
Tower of Hanoi. Five of these seven studies found decreased speed for the OCD group,
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but all found accuracy to be comparable between the OCD and control groups. In children
with OCD, Andrés et al. (2007) found no differences between children with OCD and
controls on the FAS or on two of three WCST variables. Beers et al. (1999) found no differences between the OCD and control groups on the WCST, Tower of Hanoi, or the FAS.
In TS, executive functioning has been assessed most commonly using the WCST and the
Trailmaking Test (TMT); however there have been no consistent findings (Como, 2001).
Studies of patients with focal brain lesions and brain-imaging studies support the
commonly accepted connection between hyperactivity in orbitofrontal-subcortical circuits
and OCD (Saxena, Bota, & Brody, 2001) and TS (Mink, 2006). Likewise, enlarged basal
ganglia have been observed in periods of exacerbation through structural magnetic resonance imaging (MRI) in SC (Giedd et al., 1995), and a similar correlation between obsessions, compulsions, and/or tics and basal ganglia enlargement has been shown among
children in the PANDAS subgroup (Giedd, Rapoport, Garvey, Perlmutter, & Swedo,
2000; Giedd, Rapoport, Leonard, Richter, & Swedo, 1996). Attention and executive functioning are thought to rely on similar neural circuits, suggesting that children with OCD
and TS would show impairment on these tasks. Thus, neuropsychological assessment of
children with PANDAS may add to knowledge of OCD and TS, as well as conferring
information about the unique attributes of the subgroup.
The primary goal of this study was to compare the neuropsychological performance
of children with PANDAS with healthy volunteers. As a secondary goal, we sought to distinguish the demographic and clinical variables that were related to the outcome variables.

METHODS
Subjects
All subjects (Table 1) were recruited from the community for research protocols at
the National Institute of Mental Health (NIMH) within the National Institutes of Health in
Bethesda, MD. Neuropsychological testing was performed as part of larger baseline and
follow-up assessments in those research investigations. Verbal or written assent for study
participation was obtained from each of the pediatric subjects and written assent was provided by their parent(s). The NIMH Institutional Review Board approved the protocols.
Full-scale IQ was tested by a licensed clinical psychologist administering the
WISC-R, Wechsler Intelligence Scale for Children-Third Edition (WISC-III; Wechsler,
1991), Wechsler Abbreviated Scale of Intelligence (WASI), or Wechsler Preschool and
Primary Scale of Intelligence (WPPSI; Wechsler, 1967). Some subjects received a foursubtest estimate of the WISC-R (Kaufman, 1976), a four-subtest shortened version of the
WISC-III (Dumont & Faro, 1993), a two-subtest estimate of the WASI (Sattler, 1992), or
a short form of the WPPSI (Kaufman, 1972). Ages were rounded down to whole integers
to simplify matching and analysis.
Healthy volunteers (HV; n = 98) were recruited as part of a MRI study of typically
developing children. HV were screened through a telephone interview, parent and teacher
rating versions of the Child Behavior Checklist (Achenbach & Ruffle, 2000), and physical
and neurological assessment. Exclusion criteria included psychiatric diagnosis in the subject or a first-degree relative and head injury or other conditions that might have affected
gross brain development. For this study, HV were selected from a larger pool of subjects to
match the PANDAS subjects on age, sex, and full-scale IQ. Subjects with PANDAS and
HV were matched one-to-one for age and for sex, and within 10 points for full-scale IQ.
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Table 1 Demographic Characteristics for the Study Sample.
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Age (yrs)
Full-scale IQ
Age of onset (yrs)
Time between onset and testing (yrs)
CY-BOCS total score
All PANDAS subjects (n = 63)
PANDAS with OCD and OCD + Tic Disorder (n = 38)
YGTSS total score
All PANDAS subjects (n = 62)
PANDAS with Tourette syndrome (n = 25)
NIMH Depression (n = 65)

PANDAS (n = 67)
M (SD)

HV (n = 98)
M (SD)

8.6 (2.0)
110.6 (13.8)
7.4 (2.2)
1.2 (1.3)

8.9 (2.1)
111.5 (12.2)

11.6 (10.7)
17.0 (9.3)
11.9 (9.7)
16.0 (7.9)
3.2 (2.1)
PANDAS (n = 67)
N (%)

Male
Ethnicity
White, not Hispanic
Asian or Pacific Islander
Black, not Hispanic
Primary diagnosis
OCD
Tourette syndrome
OCD + tic disorder
Comorbid ADHD
Comorbid MDD
Subjects taking at least one medication1

HV (n = 98)
N (%)

44 (65%)

70 (71%)

66 (98%)
1 (1%)

87 (88%)
2 (2%)
9 (9%)

15 (22%)
27 (40%)
25 (37%)
13 (19%)
3 (4%)
20 (29%)

Abbreviations: PANDAS, Pediatric Autoimmune Neuropsychiatric Disorders Associated with Streptococcal
infection; HV, healthy volunteer; CY-BOCS, Children’s Yale-Brown Obsessive-Compulsive Scale (range: 0–40);
YGTSS, Yale Global Tic Severity Scale (range: 0–50); OCD, Obsessive-Compulsive Disorder; TS, Tourette
syndrome; NIMH Depression, National Institute of Mental Health Global Depression rating scale (range: 1–15);
ADHD, attention deficit/hyperactivity disorder; MDD, Major Depressive Disorder.
1
Some patients were taking more than one medication; see text for details.

Subjects with PANDAS were recruited for three separate protocols: a yearlong doubleblind study comparing azithromycin and penicillin antibiotic prophylaxis (n = 8, 11.9%),
an 8-month double-blind cross-over study comparing a prophylactic dose of penicillin to
placebo (n = 31, 46.3%), and a comparative study of immunomodulatory treatment with
random assignment to plasma exchange, intravenous immunoglobin, or placebo with
intravenous saline (n = 26, 38.8%). Two subjects (3%) participated in both the second and
third protocols.
Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV;
American Psychiatric Association, 1994) diagnostic criteria and PANDAS criteria
(described by Swedo et al., 1998) were assessed in extensive clinical interviews. Subjects
were diagnosed with TS, OCD, or OCD with tics (i.e., this last group of subjects met criteria
for a tic disorder other than full TS). Tic symptoms were assessed using the Yale Global
Tic Severity Scale (YGTSS; scale range: 0–50; Leckman et al., 1989); and obsessive and
compulsive symptoms using the Children’s Yale-Brown Obsessive-Compulsive Scale
(CY-BOCS; scale range: 0–40; Goodman, Price, Rasmussen, Mazure, Delgado, et al.,
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1989; Goodman, Price, Rasmussen, Mazure, Fleischmann et al., 1989). Although both the
YGTSS and CY-BOCS contain two separate subscales (Vocal and Motors Tics, and
Obsessions and Compulsions, respectively), only the total score is presented here to simplify comparisons. In addition, the NIMH Global Depression scale (scale range: 1–15;
Insel et al., 1983; Murphy, Pickar, & Alterman, 1982) was used to assess depressive
symptoms for 65 of the 67 subjects.
Age of onset of OCD and/or tic symptoms was determined through chart review. Of
the PANDAS subjects, 20 (29.9%) were taking psychotropic medication at the time of
testing, 9 were taking one medication (13.4%), 9 were taking two medications, and 2 (3%)
were taking three medications. Subjects were taking serotonergic agonists, including
sertraline, fluvoxamine, and fluoxetine (n = 12); methylphenidate (n = 4); dopamine
antagonists, including haloperidol, risperidone, and fluphenazine (n = 4); clonidine (n = 4);
tricyclic antidepressants, including clomipramine and imipramine (n = 2); clonazepam
(n = 2); divalproex (n = 1); buspirone (n = 1); and trazodone (n = 1).
Apparatus and Stimuli
All tasks were programmed on either an IBM or Apple computer, and stimulus
presentation, timing, and response collection were controlled by the computer.
Tests of control over attention and response suppression. These tasks
were designed to evaluate suppression of different types of information and at different
levels of attention processing (Casey, Tottenham, & Fossella, 2002). The paradigms have
been used in previous studies of cognitive control in clinical and typically developing populations and are described in detail there (Casey, Durston, & Fossella, 2001; Casey et al.,
1997; Casey, Gordon, Mannheim, & Rumsey, 1993; Casey, Vauss, & Swedo, 1994b).
1. The response execution task is a visual continuous performance task (CPT) used to
assess ability to inhibit, to sustain attention, or to maintain vigilance. Eight letters
(X, K, F, W, P, B, G, and C) were presented in random order with the nontarget, a capital X, presented on 50% of the 84 trials. This task assessed the ability of the subject to
inhibit a compelling response. Stimulus duration was 500 msec and the interstimulus
interval was 1500 msec. The subject responded by pressing the spacebar on a keyboard
when the nontarget appeared on the screen. Performance on 10 practice trials was
assessed to ensure the subject understood the task before testing began. Outcome
variables included RT and accuracy of responses. The sample included 22 PANDAS
and HV pairs with a mean of 9.0 years of age (SD = 1.7). Fourteen (63.6%) of the pairs
were male.1 The full-scale IQ for the PANDAS subjects (M = 113.8, SD = 13.7) did
not differ from the HVs (M = 114.7, SD = 13.2) in a paired-samples t-test, t(21) = −1.08,
p = .29. Within the PANDAS group, 5 (22.7%) were diagnosed with OCD, 6 (27.3%)
with TS, and 11 (50.0%) with OCD with tics. In addition, 6 (27.3%) were diagnosed
with attention deficit/hyperactivity disorder (ADHD) and 1 (4.5%) with Major Depressive Disorder (MDD).
2. The response selection task is designed to measure suppression of a response to a competing response choice rule. The task consisted of the presentation of a digit, either 1, 2,
1

Summary statistics for age and sex are given for pairs, and not for the PANDAS and HV groups separately, because pairs were matched exactly for age and sex.
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3, or 4. The subject’s task was to press the corresponding 1, 2, 3, or 4 button on a
keyboard whenever a digit appeared. To assess the ability to inhibit response tendencies, two conditions were run. In the first condition (“control”), the subject responded
as previously described. In the second condition (“suppression”), the response set was
reversed and the subject had to press the fourth button when a 1 appeared, the third button when a 2 appeared, and so forth. Variables included accuracy and RT for the
control and suppression conditions. In addition, two additional variables were calculated: to determine the degree to which the differences in mean reaction time were
driven by the suppression condition, we converted the two reaction times to difference
scores; and to test whether greater difference scores for subjects could be explained
simply by their larger overall reaction times, we scaled the difference score of each
subject to his or her mean reaction time in the suppression condition. The sample
included 40 PANDAS and HV pairs with a mean of 8.3 years of age (SD = 1.9).
Twenty-eight (70.0%) of the pairs were male. The full-scale IQ for the PANDAS subjects (M = 108.6, SD = 13.3) did not differ from the HVs (M = 108.5, SD = 13.5) in a
paired-samples t-test, t(39) = 0.11, p = .92. Within the PANDAS group, 10 (25.0%)
were diagnosed with OCD, 16 (40.0%) with TS, and 14 (35.0%) with OCD with tics. In
addition, 5 (12.5%) were diagnosed with ADHD and 2 (5.0%) with MDD.
3. In the stimulus selection task subjects were given a forced-choice visual discrimination
task designed to measure suppression of response to a previously attended stimulus
attribute. Three stimuli were presented in a row on a computer screen. The stimuli varied either in shape (circle, triangle, and square) or in whether they were filled or open.
The subject’s task was to determine which of the three stimuli was different from the
other two. The stimuli remained until the subject responded by pressing the 1, 2, or 3
button of the keyboard to indicate which of the three stimuli was different. To assess
deficits specific to shifts in attention set rather than to the task, the stimulus attribute on
which the subject determined uniqueness was either the same for a block of trials (same
trials) or changed from trial to trial within a block (mixed trials). The block pattern of
each session was same-mixed-same-mixed, with each block consisting of 48 trials (192
trials total). Outcome variables for this task were the same as those for the response
selection task (see above). The sample included 44 PANDAS and HV pairs with a
mean of 8.5 years of age (SD = 2.2). Thirty-two (72.7%) of the pairs were male. The
full-scale IQ for the PANDAS subjects (M = 108.8, SD = 12.7) did not differ from the
HVs (M = 109.4, SD = 13.0) in a paired-samples t-test, t(43) = −0.69, p = .49. Within
the PANDAS group, 11 (25.0%) were diagnosed with OCD, 17 (38.6%) with TS, and
16 (36.4%) with OCD with tics. In addition, 6 (13.6%) were diagnosed with ADHD
and 2 (4.5%) with MDD.
Tests of executive functioning.
1. The 64-card version of the Wisconsin Card Sorting Task (WCST; Heaton, Chelune,
Talley, Kay, & Curtiss, 1993) was computer administered (Harris, 1988). Variables
included categories completed, number of trials and errors, perseverative responses,
and number of failures to maintain set. The sample included 40 PANDAS and HV pairs
with a mean of 9.0 years of age (SD = 1.9). Twenty-nine (72.5%) of the pairs were
male. Although the full-scale IQ for the PANDAS subjects (M = 113.4, SD = 13.3) differed from the HVs (M = 115.3, SD = 11.0) in a paired-samples t-test, t(39) = −2.32,
p = .03, the difference between pairs (M = 1.9, SD = 5.3) was not clinically significant.
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Within the PANDAS group, 9 (22.5%) were diagnosed with OCD, 16 (40.0%) with TS,
and 15 (37.5%) with OCD with tics. In addition, 5 (12.5%) were diagnosed with
ADHD and 2 (5.0%) with MDD.
2. The Tower of Hanoi (TOH) is a disk-transfer task that evaluates a child’s ability to plan
and to organize a sequence of spatially controlled moves in an attempt to duplicate the
goal state from the initial problem state. An individual’s response in this task involves a
sequence of spatially controlled motor moves, rather than discrete choices as in the
WCST. It necessitates online representation of intermediate subgoals in working memory and is considered a measure of spatial planning ability, working memory, and
behavioral suppression (Baron, 2004). The TOH condition that was used in this study is
the three-disk problem that was used and described in detail by Casey, Vauss, Chused,
& Swedo (1994a). In part of the paradigm, subjects are presented with two problems,
each of which can be completed in a minimum of seven moves. In addition to the time
and number of moves to complete both tasks, we calculated the mean time and moves
for both tasks, mean number of problems solved/completed and mean number completed in the fewest moves. For subjects who successfully completed only one of the two
tasks, the values from that task were used to calculate the mean time and moves. The
sample included 45 PANDAS and HV pairs with a mean of 8.0 years of age (SD = 2.3).
Twenty-nine (64.4%) of the pairs were male. The full-scale IQ for the PANDAS subjects (M = 113.7, SD = 12.8) did not differ from the HVs (M = 114.3, SD = 11.8) in a
paired-samples t-test, t(44) = −0.79, p = .44. Within the PANDAS group, 11 (24.4%)
were diagnosed with OCD, 19 (42.4%) with TS, and 15 (33.3%) with OCD with tics. In
addition, 6 (13.3%) were diagnosed with ADHD and 3 (6.7%) with MDD.
Analytic Procedure
To test whether performance differed between the PANDAS and HV groups, we
used a within-samples t-test, after matching the PANDAS subjects to HV one-to-one by
sex, age, and full-scale IQ. Certain continuous variables (i.e., accuracy in the response
execution task; accuracy of control condition in the response selection task; and accuracy
of the control and mixed condition in the sensory selection task) showed a strong ceiling
or floor effect, so values were dichotomized; the McNemar test was used to compare these
values. The McNemar test was also used for the number of problems solved and problems
completed in fewest moves in the TOH. The Bonferroni correction was applied to the
significance values after analysis.
To determine which clinical and demographic variables best predicted performance
for variables in which there was a significant difference between the PANDAS and HV,
we used a hierarchical linear regression within the PANDAS group. In the first step, we
entered clinical variables not used to match subjects in the comparison between PANDAS
and HV groups in a stepwise fashion in order to select the best predictors of performance
(i.e., primary psychiatric diagnosis; medication status [whether the patient was taking a
medication]; ADHD or MDD comorbidity; age of onset; time since onset; and OCD, tic,
and depression severity). In the second step, we entered the variables used to match the
PANDAS and HV groups (i.e., age at testing, sex, and full-scale IQ) to determine what
effects these variables had on the model, and reported β values.
Last, we extrapolated from the results of the regression models which variables consistently predicted performance, and controlled for those variables in the comparison between
PANDAS and HV groups. We split the PANDAS-HV pairs into separate groups based on
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the median value of continuous predictor variables, and by group for categorical predictor
variables. Within-subjects t-tests were conducted between the PANDAS-HV pairs of each
subgroup to determine if there was a difference in significance between the subgroups.
All hypothesis tests were evaluated for significance at p < .05, two-tailed.
RESULTS
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Performance Compared Between PANDAS and HV
Results of the comparison between the PANDAS and HV groups are summarized in
Table 2. PANDAS subjects were less accurate than HV subjects in the suppression condition of the response selection task, t(39) = −3.54, p = .001, and exhibited a slower RT on
the response execution task, t(21) = 3.12, p = .005. After Bonferroni correction, only the
former difference was significant.
Table 2 Comparison of PANDAS and HV Performance on Tests of Attentional and Executive Functioning.

Variables
Response execution (n = 22)
RT (msec)
Accuracyb,c
Response selection (n = 40)
Accuracy controlb,c
Accuracy suppression
RT control (msec)
RT suppression (msec)
Sensory selection (n = 44)
Accuracy controlb,c
Accuracy mixedb,c
RT control (msec)
RT mixed (msec)
Tower of Hanoi (n = 45)
Mean time (s)
Problems solvedc,d
Mean moves
Problems completed in
fewest movesc,e
WCST (n = 40)
Categories completed
Trials
Errors
Perseverative
responses
Failure to maintain set

PANDAS
Mean (SD)

HV
Mean (SD)

674.77 (214.85)
9

527.00 (112.66)
11

18
0.84 (0.15)
1216.48 (437.11)
1627.18 (539.74)

25
0.93 (0.07)
1132.63 (277.48)
1533.48 (486.00)

39
40
1680.55 (852.22)
1964.41 (1028.53)

41
40
1584.66 (766.86)
1854.43 (773.61)

77.24 (40.66)
44
10.73 (2.48)
14

t

df

p

3.12

21

.005
.73

−3.54
1.35
1.11

39
39
39

0.66
0.63

43
43

78.98 (43.97)
38
10.16 (2.04)
15

−0.23

44

1.21

44

3.78 (2.02)
119.68 (14.56)
43.93 (23.80)
20.58 (13.31)

4.33 (1.56)
121.10 (11.62)
44.13 (18.96)
21.38 (10.59)

−1.35
−0.54
−0.04
−0.30

2.25 (1.89)

1.93 (1.70)

0.80

.12
.001
.19
.27
.73
1.00
.51
.53

Effect
sizea

1.36

−1.13
0.43
0.36

0.20
0.19

.82
.07
.23
1.00

−0.07

39
39
39
39

.18
.59
.96
.77

−0.43
−0.17
−0.01
−0.10

39

.43

0.26

0.36

Abbreviations: PANDAS, Pediatric Autoimmune Neuropsychiatric Disorders Associated with Streptococcal
infection; HV, healthy volunteer; RT, response time; WCST, Wisconsin Card Sorting Test.
a
Cohen’s d, using the formula d = 2t / √(df).
b
Values represent number of cases in which 100% accuracy was achieved.
c
McNemar’s chi-squared test used to compare groups.
d
Values represent number of cases in which both problems were successfully solved.
e
Values represent number of cases in which at least one of the two problems was solved in the fewest number
of moves.
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Variables Affecting PANDAS Performance
Results of the linear regression are summarized in Table 3. For the response
execution task, ADHD diagnosis emerged as a significant predictor of RT in the first
step (p = .01) and remained significant in the second step (p = .003), in which age
also was a significant predictor (p = .009). For the response selection task, none of
the clinical variables in the first model were significant individual predictors of
outcome, but, in the second model (in which sex, age, and full-scale IQ were
included), full-scale IQ was a significant predictor of accuracy in the suppression
condition (p = .04).
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Analysis of Subgroups Based in Regression Analysis
For the RT of the response execution task, PANDAS subjects with ADHD (n = 6)
exhibited a significantly longer RT than their HV matches, t(5) = 3.85, p = .01; however those
without ADHD (n = 16) did not have significantly longer RTs than their HV matches,
t(15) = 1.79, p = .09.
PANDAS-HV pairs were split by full-scale IQ at the median IQ score for the total
PANDAS group. In the response selection task, PANDAS subjects with a full-scale IQ
of 111 or lower (n = 24) were significantly less accurate than their HV matches, t(23) =
−3.18, p = .004, but subjects with higher IQs (n = 16) were not significantly different in
accuracy from their matches, t(15) = −1.81, p = .09.
Because past literature has indicated that subjects with TS consistently show a
longer RT on the CPT (similar to the response execution task), we divided the PANDAS
group in the response execution task by primary psychiatric diagnosis (OCD, n = 5; OCD
+ tics, n = 11; TS, n = 6). As shown in Figure 1, subjects with TS or OCD + tics exhibited
a significantly longer RT than their controls [TS: t(5) = 3.09, p = .03; OCD + tics: t(10) =
2.53, p = .03], and subjects with OCD did not show a significant difference from their HV
matches, t(4) = −0.35, p = .75.

Table 3 Regression Analyses with RT of Response Execution Task and Accuracy in Inhibition
Condition of Response Selection Task.
R2

ΔR2

pr2

β

Reaction time analysis: D.V. = RT on response execution task
Step 1
.34
.34
ADHD
.33
.58
Step 2
.61
.27
ADHD
.47
.59
Age
.24
−.52
Sex
.00
−.01
Full-scale IQ
.11
−.37
Accuracy analysis: D.V. = accuracy in suppression condition on response selection task
Step 2
.12
.12
Age
.00
.00
Sex
.00
−.04
.35
Full-scale IQ
.12
Abbreviations: D.V., dependent variable; RT, response time.

P

.000
.01
.001
.003
.009
.10
.06
.07
.99
.81
.04

188

M. E. HIRSCHTRITT ET AL.

Downloaded by [Columbia University] at 13:01 31 March 2013

Response time (msec)

*
*

n

n

n

Primary diagnosis
Figure 1 Mean differences between PANDAS and HV subjects in separate diagnostic groups in response time
of the response execution task (* indicates differences between PANDAS and HV groups are significant at
p < .05).

Effects of Medication
Because nearly a third of subjects in the PANDAS subgroup were taking a psychotropic
medication at the time of testing, we conducted a hierarchical linear regression within the
PANDAS subgroup for all outcome variables to examine the effects of medication use.
Medication status predicted RT in the suppression condition of the response selection task
in model 1, β = −.42, p = .01, and in model 2, β = −.30, p = .03, which included age, sex,
and full-scale IQ in the analysis. Using a paired t-test to further study this outcome variable, subjects on medication (n = 12) displayed a significantly longer RT than their HV
pairs, t(11) = 2.881, p = .02; however, subjects not on medication (n = 28) did not differ
from HV on this variable, t(27) = −0.384, p = .70.
DISCUSSION
The current study was designed to assess specific aspects of neurocognitive functioning of children in the PANDAS subgroup. PANDAS subjects differed from matched controls on only one of the measures — the response accuracy in a test of attention and
suppression. These results are consistent with previous studies of OCD, which have shown
few or no deficits in attention (e.g., Boone, Ananth, Philpott, Kaur, & Djenderedjian, 1991;
e.g., Flament et al., 1990; Hollander et al., 1993). Our results suggest that there may be an
effect of age of symptom onset on attentional functioning, which has been studied directly
by at least one study by Roth, Milovan, Baribeau, and O’Connor (2005), who studied children with onsets either above or below age 12. However, the results of this study are not
directly applicable to our study group because the age of onset for most PANDAS subjects
was below 12 years, and none were older than 15 at onset (see Table 1). The results of the
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present investigation are also in keeping with previous reports for the WCST, where OCD
subjects consistently perform as well as matched controls (for review, see Kuelz, Hohagen,
& Voderholzer, 2004). Last, studies of adults with OCD on the TOH have produced mixed
results, with some (Schmidtke, Schorb, Winkelmann, & Hohagen, 1998) showing no deficits, and others (Cavedini, Cisima, Riboldi, D’Annucci, & Bellodi, 2001; Mataix-Cols
et al., 1999) showing deficits compared to controls. Deficits may be a result of dysfunction
within the orbitofrontal-striatal-thalamocortical circuitry, as has been demonstrated in functional imaging studies of OCD (Saxena et al., 2001), or it may represent a separate deficit in
speed and special working memory (Kuelz, Hohagen, & Voderholzer, 2004).
Our results are reflective of the neuropsychological literature of TS in the executive
functioning and attentional functioning domain. In a review of the literature, Como (2001)
found the only reliable deficit in executive functioning (including both tests of executive
functioning and attention) was increased time on the CPT. When the PANDAS group was
divided by primary psychiatric diagnosis, those with tics and OCD or TS performed significantly worse than their controls, while those with OCD (without tics) did not show a
significant difference in performance from their matched controls. However, caution
should be taken when interpreting these results because of the small sample size of each
diagnostic group. Nevertheless, these results may be explained in part by Baron-Cohen
et al. (Baron-Cohen, Cross, Crowson, & Robertson, 1994), who have theorized that children with TS exhibit a dysfunction of the “Intention Editor,” explaining their inhibitory
deficits, manifested in involuntary movements and utterances and obsessive thoughts.
Further, results of intracortical transcranial magnetic stimulation in children with TS have
shown reduced intracortical inhibition and a shortened cortical silent period, providing a
neurological basis for decreased inhibitory control (Moll et al., 2001). However, Ozonoff,
Strayer, McMahon, and Filloux (1998) have shown that ADHD comorbidity may account
for attentional dysfunction in TS. Studies of executive functioning in children with TS
have shown no significant deficits (Ozonoff & Jensen, 1999; Verté, Geurts, Roeyers,
Oosterlaan, & Sergeant, 2005; Yeates & Bornstein, 1996).
Within the response execution task, ADHD and age were significant predictors of
RT; subjects with PANDAS and ADHD and younger subjects exhibited a significantly
longer RT than their matched HV. Both of these results are supported by previous findings using this task by Casey, Durston, and Fossella (2001). In their study of 108 typically developing children, age and RT were negatively correlated. In addition, in a
group of 26 nonmedicated children with ADHD between the ages of 6 and 16 years, the
authors found decreased performance on the response execution task as compared to
matched controls. With regards to the response selection task, the differences between
low- and high-IQ subjects may be explained, in part, by the small sample sizes. Previous
studies of cognitive functioning in OCD and TS have not sustained effects of IQ on
attention or executive functioning (Como, 2001; Greisberg & McKay, 2003).
Results of our analyses on the effects of medication agree with previous studies that
have found little to no neuropsychological differences between medicated and unmedicated pediatric subjects with OCD and/or TS. For TS, one study (Bornstein & Yang, 1991)
found no differences in performance on a wide battery of neuropsychological tests
(including the WCST) between medicated and unmedicated children, even though most of
the medicated children were taking a neuroleptic (clonidine, pimozide, or haloperidol) at
the time of testing. A similar study (Channon, Pratt, & Robertson, 2003) found that medicated children scored lower on only one test of multitasking. Likewise, a study (Mataix-Cols,
Alonso, Pifarré, Menchón, & Vallejo, 2002) that compared SRI-medicated SRI-free
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children diagnosed with OCD found no significant differences between groups in a continuous performance task and the WCST; the groups only differed significantly in the
number of reversions in the TOH. The literature and results of our current investigation
generally argue against a deleterious effect of medication use on neuropsychological
performance; however, to our knowledge, there have been no long-term outcome studies
evaluating this question.
Strengths of our study included a well-defined set of subjects in the PANDAS subgroup,
which were carefully matched to control subjects. Although these tests may not be specific
enough to assess important facets of cognitive functioning in subjects with PANDAS, they
have proven useful in assessing deficits in attention in subjects with ADHD (Casey, Durston, & Fossella, 2001). Our results from the executive functioning task reveal effects of
comorbid ADHD on cognitive functioning in subjects with OCD and/or TS, which warrant further study.
Limitations and Future Directions
This study is limited by the small sample sizes for some measures, and the secondary analyses are further limited by the division of the cohort into smaller samples. The
limited sample size can be explained by two factors: (a) some patients may not have been
available to complete all tests because of time limitations imposed by the schedule of their
primary treatment protocol, and (b) the battery of administered tests differed across the
primary protocols into which the subjects were enrolled; the tests presented here represent
those for which we had the largest sample sizes. In addition, data for some patients were
no longer available at the time of analysis, so that sample sizes for individual tasks vary.
Of particular note, the sample size for the response execution task was considerably
smaller (n = 22) than those of the other tasks. The power of this analysis and several others, including the regression analysis, to detect small differences is thereby reduced,
requiring additional caution in interpreting the results.
Lack of functional neuroimaging data also limited the specificity of our results. Otto
(1992) points out that it is difficult to draw conclusions about specific dysfunction within
the frontostriatal circuitry from cognitive test results without imaging data because caudate dysfunction can mimic frontal lobe dysfunction, other compensatory mechanisms in
the brain may mask basal ganglia or prefrontal dysfunction, and cognitive dysfunctions
may be secondary to the disorder itself.
Future investigations would be strengthened by the addition of neuroimaging data,
such as event-related brain potential (ERP). Studies of ERP in subjects with OCD have
consistently shown hyperarousal of the cortex during attentional tasks (de Groot, Torello,
Boutros, & Allen, 1997; Gohle et al., 2008; Herrmann, Jacob, Unterecker, & Fallgatter,
2003; Towey et al., 1990). In subjects with TS, ERP has begun to help unravel the neurological substrates that separate subjects with and without comorbid ADHD (Drake et al.,
1992; Oades, Dittmann-Balcar, Schepker, Eggers, & Zerbin, 1996; Zhu et al., 2006). Other
methods of functional imaging, such as functional Magnetic Resonance Imaging (fMRI),
may also be considered.
Conclusions
Our results are mainly consistent with past neuropsychogical findings in OCD and
TS. The results of this study reveal that subjects in the PANDAS subgroup do not exhibit
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specific executive functioning or attentional deficits, which may reflect diffuse, nonfocal
dysfunction, similar to subjects with typical (i.e., non-PANDAS) OCD or TS. These findings may add weight to the suggestion by Swedo and Grant (2005) to treat patients with
PANDAS according to standard practices for their primary psychiatric diagnosis.
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