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A PRACTICAL APPROACH TO OBJECTIVE ADHD
DIAGNOSIS AND MANAGEMENT

ADHD is one of the most prevalent of all the cognitive disorders. The prevalence rate in
North American schoolchildren is at least 5% (1-3). In the majority of cases, the symptoms of
ADHD persist into adult life. ADHD can be as troublesome to adults at work or at home as it is to
kids at school.

The diagnosis of ADHD, in the vast majority of cases, is based entirely on subjective
reports of perceived symptoms. Medication follow-up is also largely based on subjective reports.
Neuropsychological testing and direct classroom observations are objective measures that can
strengthen the diagnosis process, but they are expensive, time-consuming, and simply
unavailable to the large majority of ADHD patients.

Many, if not most, psychiatrists and psychologists who specialize in ADHD utilize
cognitive tests for patient evaluation and treatment monitoring. The most commonly used tests
are variants of the CPT (4), like the Conners CPT-Il (Conners) and the TOVA (5). The CPT is
problematic, because of problems with reliability, and because it measures sustained or vigilance
attention and nothing more. Modern theories of ADHD posit an underlying deficit in executive
control functions, for example, in the efficient allocation of attentional resources and behavioral
self-regulation in response to changing environmental demands (6).

Expert panels have tended to diminish the importance of cognitive testing as a diagnostic
instrument in ADHD (7). Studies of the CPT have, not surprisingly, demonstrated little correlation
between test performance and clinical diagnosis or clinical outcome (8-11). This may simply
reflect the dubious utility of the CPT itself. On the other hand, it may simply reflect the erroneous
reliance on testing as a diagnostic measure. ADHD is a clinical diagnosis, made by a physician
who is appropriately trained in and experienced with the condition. Proper diagnosis of ADHD,
like virtually all other medical conditions, requires the synthesis of data from many different
sources. One of those sources is cognitive testing. In our opinion it is inappropriate to diagnose
or to treat a cognitive disorder like ADHD without taking an objective measure of the patient’s
clinical state.

In the next few pages, we shall describe a method for evaluating and treating patients
with ADHD, using computerized neurocognitive testing, in the context of a modern
neuropsychiatric clinic. The purpose is to elevate the process to a level that reflects the
importance of the clinical problem and the aspirations of our field to the most rigorous standards
of practice.

The system that we shall describe is in current use at the North Carolina Neuropsychiatry
Clinics in Chapel Hill and Charlotte. It is made up five steps:

1. Web-based data collection prior to the patient’s first visit.
2. The clinical examination

3. Interpretation of neurocognitive testing

4. A “test dose” of a short-acting stimulant
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5. Obijective comparison of treatment efficacy

1. WEB-BASED DATA COLLECTION.

The clinical history, family history and rating scales are essential for clinical diagnosis.
These are the most time-consuming elements of the diagnostic process. A proper history and
analysis of rating scale results will take at least an hour, and sometimes longer.

Much of this data, however, can be obtained before the patient ever arrives at the
physician’s office. Medical history forms and rating scales can be attached to the practice
website and downloaded by prospective patients. Forms can be downloaded, completed and
brought to the clinic on the occasion of the first visit.

Web-based versions of neurocognitive tests can also be downloaded from the website,
completed by the patient, and uploaded to the practice database. Data from rating scales and
cognitive tests can be analyzed, and a report generated, before the patient arrives for his or her
first visit.

Since ADHD usually runs in families, prospective patients can be invited to test other
family members as well. These data can also be reviewed at the first visit. Thus, an ADHD
evaluation includes not only a systematic evaluation of the prospective patient, but also a
screening battery for other family members.

An example of how this works can be seen by visiting our website at
www.ncheuropsych.com. Go to Patient on the menu, and download the forms you are interested
in seeing. To take a web-based screening test, go to Neurocognitive Screener, and register
using this password: Psychiatry2005.

2. THE CLINICAL EVALUATION.

The neuropsychiatric office should employ a medical office assistant who can take vital
signs, measure height and weight, perform urine drug screening and venipunctures. The offices
should include an examining table, and several comfortable chairs for prolonged interviews and
counseling. A couple of very small offices, big enough for a computer and two small chairs,
should be devoted to neurocognitive testing.

The initial evaluation should include the following steps:

A medical/developmental history

Physical, neurological and mental state examination

Height, weight, pulse, blood pressure

Rating scales for ADHD and other likely disorders

Urine drug screening for adolescents and selected adults.

Differential diagnosis, and exclusion of alternative pathology (e.g., substance
abuse, bipolar disorder, OCD).

7. Review data from web-based cognitive testing.

3. INTERPRETING THE RESULTS OF NEUROCOGNITIVE
TESTING

A number of different computerized neurocognitive tests are appropriate for ADHD
testing (See Table 1). As a rule, computerized test batteries are composed of a number of
different tests that address different cognitive domains, like memory, information processing
speed, complex, divided and sustained attention, working memory and executive control.
Measures of attention, processing speed and executive control are especially pertinent to the
evaluation of ADHD patients.

ogkrwnE
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Table 1. Computerized Neurocognitive Tests Appropriate for ADHD

ANAM www.dtic.mil/matris/ddsm/srch/ddsm0082.htm
CNS Vital Signs WWW.CNSVS.com
CogScreen WWW.cogscreen.com
CogState WWW.cogstate.com
CogTest www.cogtest.com
HeadMinder www.headminder.com
Microcog Psychological Corporation
NES3 12
Neurotrax www.mindstreamshealth.com

The following data is taken from our research with CNS Vital Signs, a battery we
developed ourselves, and that is available (like the other tests listed in Table 1) for the reader’s
evaluation at the website listed. Tests in the CNS Vital Signs battery that are especially relevant
to ADHD evaluation are: the Stroop Test, the Shifting Attention Test and the Continuous
Performance Test.

INSERT BOXES AROUND HERE: THE STROOP TEST, THE SHIFTING
ATTENTION TEST, THE CONTINUOUS PERFORMANCE TEST

The ADHD patient is capable of doing poorly on any or all of the tests in CNS Vital Signs.
ADHD patients are notorious for ignoring the instructions for a particular test, terse as they are;
they hasten to take the test with no idea at all what they are supposed to be doing. Even though
the test results are invalid, the patient’s performance in taking the test is telling.

Tests in the CNS Vital Signs battery can be taken by children with a fourth grade reading
level, without assistance. Some ADHD children are simply too inattentive to take the test at all,
unless one of their parents is there to make sure they understand the instructions and take the
tests in an appropriate manner. Even with their parents’ help, though, ADHD patients usually
make a lot of mistakes.

How ADHD PATIENTS PERFORM

The following data were generated from a clinical series of 175 ADHD patients age 10-29
evaluated at the Neuropsychiatry Clinics, compared to 175 normal controls matched for age, race
and gender. The ADHD patients were tested during their initial work-up. They were all drug-free,
and had no significant psychiatric, neurological or medical comorbidity. Data from normal
subjects were taken from the CNS Vital Signs normative database.


http://www.cnsvs.com/
http://www.cogscreen.com/
http://www.cogstate.com/
http://www.cogtest.com/
http://www.headminder.com/
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THE CPT

Tests of sustained attention, like the CPT, have been traditionally used for the diagnosis
of ADHD. ADHD patients make fewer correct responses and more errors on the CPT, and their
CPT reaction time is usually longer than normals’.

Figure 1. CPT Correct Responses in ADHD Patients & Matched Controls, t=4.5, P<0.0001

Figure 2. CPT Errors in ADHD Patients & Matched Controls, t=2.5, P<0.01
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Figure 3. CPT Reaction Time in ADHD Patients & Matched Controls, t=7.82, P<0.00001

Normal people over the age of 10 seldom make more than 2 errors on the CPT and
rarely, if ever, make more 4 errors. In some cases, for example, intelligent and motivated
adolescents with ADHD who are not particularly hyperactive or impulsive, performance on the
CPT may be normal. Or, the results may only be suggestive: scores in the 50" percentile, for
example, in a patient whose 1Q is clearly superior.

It may be surprising to learn that ADHD patients have reaction times on the CPT that are
slower than normals. It is, however, in keeping with modern theories of ADHD that refer to a
primary deficit in executive control systems, and a relative inefficiency in processing information
in effortful tasks.
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THE STROOP TEST

The ST is a measure of executive control, specifically, inhibition/disinhibition. ADHD
patients also have slower reaction time scores on the Stroop test — for simple RT, complex RT
and the Stroop RT. On the average, they are about 58 msecs slower. This indicates their relative
inefficiency in this complex task.

Figure 4. ST Reaction Times in ADHD Patients and Normal Controls

ST REACTION TIMES
P<0.0001

They also make more mistakes on Part 3 of the ST. So: not only do they take longer, but
they make more mistakes. As ADHD patients grow older, they learn to make fewer mistakes on
tasks like the ST, but their RT’s remain comparatively slower.

Figure 5. ST Errors in ADHD Patients and Normal Controls

STROOP TEST ERRORS t=2.75, P<0.01
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THE SHIFTING ATTENTION TEST

The SAT is another test of executive control, specifically, a test of cognitive flexibility.
ADHD patients tend to do poorly on this test. Of all the tests in CNS Vital Signs, it is probably the
most sensitive. In the figure below, ADHD patients make fewer correct responses than normals,
and more errors.

Figure 6. The SAT in ADHD Patients and Normals

ADHD patients, as a group, have longer reaction times on the SAT.
Figure 7. SAT Reaction Time in ADHD Patients and Normals, P<0.02
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The SAT, however, is also what is called a “speed-accuracy tradeoff test.” That means
the subject can choose to go faster on the test, with more correct responses and a shorter
reaction time. That strategy, though, will generate more errors. An alternative strategy is to
minimize errors by going more slowly; in this case, the subject will get fewer correct responses
and will have a longer reaction time. As a group, ADHD patients are slower and less accurate
than normals. However, some ADHD patients are much faster than normals on this test, but
much less accurate.

The key to interpreting the SAT is the number of errors made. A high number of errors
with a short reaction time indicates an impulsive response style. A high number of errors with a
slow reaction time indicates cognitive inefficiency.

SENSITIVITY AND SPECIFICITY

The seven tests in the Vital Signs battery generate six domain scores: the “Cognitive
Flexibility” domain is calculated from the ST and the SAT; the “Complex Attention” domain score
is calculated from the ST, the SAT and the CPT; the “Attention/Vigilance” is generated from the
CPT alone. Patients with ADHD will usually do poorly in cognitive flexibility and the two attention
domains.

This is a typical pattern for the domain scores in an ADHD patient:

Table 2. Neurocognitive Profile of a Patient with ADHD

Above Average Below Well Below

NEUROCOGNITION INDEX (NCI)

MEMORY

PSYCHOMOTOR SPEED

REACTION TIME*

COMPLEX ATTENTION*

COGNITIVE FLEXIBILITY

ATTENTION/VIGILANCE

Factor Analysis indicates that performance on tests of cognitive flexibility and complex
attention (ST, SAT, CPT) are the most important components of the ADHD diagnosis.

Another way to examine CNS Vital Signs in the diagnosis of ADHD is sensitivity and
specificity analysis. Taking the data from 175 ADHD patients and 175 normal controls, we can
draw what is called a Receiver Operating Characteristic Curve (ROC). The area under the ROC
curve is a measure of the sensitivity and specificity of the different tests in CNS Vital Signs.
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Table 3. ROC Curve Data for the NCl and Six CNS Vital Signs Domains

AUC P< Domain scores generated by the Stroop test
NCI 0.670 0.0000 and the shifting attention test (reaction time,
MEMORY 0.519 0.5376 cognitive flexibility and complex attention)
PSYCHOMOTOR | 0.601 | 0.0011 yielded  the  highest  levels  of
REACTION TIME 0641 0.0000 sensitivity/specificity.  The Neurocognition

index, a general summary score, was even

COGN FLEX 0.651 0.0000 better, indicating that ADHD affects cognitive
COMPL ATT 0.664 0.0000 performance in general. The CPT
VIGILANCE 0.512 0.7076 (Vigilance) did not yield impressive results.
Null hypothesis: true area = 0.5 Neither did the Memory domain.

4. THE “TEST-DOSE PARADIGM”

The next step in ADHD evaluation is the “test-dose” parading. If the diagnosis of ADHD
is supported by the evaluation thus far, it is appropriate to administer a “test dose” of
methylphenidate (0.30 mg/kg/dose) or amphetamine (0.15 mg/kg/dose). The patient can be sent
away to have some lunch, and then return after an hour. Then the test battery is repeated, the
patients pulse and blood pressure are measured, and inquiries are made about subjective
response, parents’ observations and side effects. The comparative test scores are reviewed with
the patient and his or her parents. (This is also an opportunity to teach patients how the tests
work, so they can use the web-based screener for follow-up testing on their own.)

The following data is taken from a study of 127 ADHD patients, age 7-55, who were given
the “test dose” procedure as part of their initial evaluation. Seventy three patients were
administered a single dose methylphenidate (0.40 mg/kg, maximum 30 mg), and 54,
amphetamine salts (0.15 mg/kg, maximum 20 mg). Domain scores are reported as standard
scores (mean of 100, standard deviation of 15). In addition, a “Neurocognition Index” is also
presented, an average score generated from the various domain scores. The differences are
highly significant (two tailed t test) except for the memory domain score.

Table 4. Domain Scores Before and After a Test Dose of Stimulant

DOMAIN SCORES METHYLPHENIDATE AMPHETAMINE
PRE POST P< PRE POST P<

NCI 84.8 95.9 0.0007 87.5 98.0 0.0000
MEMORY 89.8 88.5 0.7555 91.8 90.9 0.7774
PSYCHOMOTOR SPEED 87.3 100.0 0.0006 89.2 98.0 0.0150
PROCESSING SPEED 86.3 98.7 0.0051 90.0 99.7 0.0032
COGNITIVE FLEXIBILITY 83.1 99.7 0.0000 85.5 100.3 0.0000
COMPLEX ATTENTION 78.8 97.5 0.0000 82.0 98.0 0.0000
VIGILANCE ATTENTION 79.6 98.7 0.0000 83.5 100.2 0.0000
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Figure 8a. Test Dose Data with Methylphenidate

Table 8b. Test Dose Data with Amphetamine

10
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The changes after a test dose, either with methylphenidate or amphetamine are clearly
apparent. Multivariate analysis indicates equal effects for both drugs, and no effect relative to
age or gender.

Nor can the changes be attributed simply to taking the test twice — a “learning effect.” For
illustrative purposes, here is data from 24 ADHD patients, age 7-55, who took the Vital Signs
battery on two occasions, off-drug both times. None of the differences are significant (two-tailed t
test):

Figure 9. CNS Vital Signs Scores in ADHD Patients Tested Twice on No Medications

BFIRST
I B SECOND

5. OBJECTIVE TREATMENT EVALUATION

The “test dose” paradigm” yields a great deal of data about the patient and his or her
response to a psychostimulant drug. It is also a good way to educate patients about how drugs
work, and how psychiatrists monitor drug treatment. It does not, however, indicate how well a
patient will do clinically on a particular drug, or even which drug, or dose, is ideal for that patient.

It has been our custom to write two prescriptions for patients who do, in fact, have ADHD,
and who seem to do well after a test dose. One is for a two-week trial of long acting
methylphenidate, and the second is for a two-week trial of long-acting amphetamine. We give the
patient a likely dose range to try, and make arrangements to adjust doses and deal with problems
by phone. We arrange for follow-up in one month, to determine which drug was preferable, and,
if necessary, consider trials of alternative medications.

During these clinical trials, the patient is invited to use the tests on the Internet Screener,
under different drug and dose conditions, and to take advantage of the rating scales on the
website as well. These data can be printed out by the patient, or downloaded as a report from
the database, for the next follow-up visit.

Improvement in performance on Vital Signs or the Web Screener is not the only criterion
one should use to determine whether an ADHD drug is indicated, or effective. But it certainly
does address several of the cardinal problems of ADHD: inattention, impulsive responding,
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deficits in complex attention, and executive dysfunction. It is not sufficient for diagnosing and
managing ADHD, but it is certainly a necessary component.

This is an extremely informative and cost-effective approach to the management of
ADHD. It combines clinical evaluation with computerized tests and systematic evaluation of drug
response. It takes advantage of the rapid onset of action of the psychostimulant drugs, and the
drug-sensitivity of CNS Vital Signs. It establishes continuity between evaluation and treatment.

SUMMARY

Poor performance on a neurocognitive battery does not prove that a patient has ADHD,
or that a stimulant drug is warranted. ADHD is a clinical diagnosis, and physicians have to
synthesize data from numerous sources to generate a proper diagnosis. But it is appropriate to
integrate neurocognitive data into the evaluation of any cognitive disorder, and also into the
complicated process of treatment monitoring.

A positive response to a stimulant in the test dose paradigm does not prove that the
patient really has ADHD, or that the test dose drug is the one the patient ought to take long-term.
But it does give you confidence in trying a couple of drug alternatives, and it teaches the patient
(or parents) a little about how to evaluate drug effects. (For the same reason, we recommend
that one or both parents take CNS Vital Signs sometime during the kid’s evaluation. It teaches
them how the tests work; the kids like to see their parents suffer through the same test they had
to take, twice; and, sometimes, you pick up a parent with ADHD.)

Similarly, a negative response to the test dose does not mean that the patient does not
have ADHD or that drug treatment is unwarranted. It does give pause, though; you may take the
opportunity to reconsider your differential diagnosis before proceeding. The test dose paradigm
is not an infallible procedure. But it does give the physician objective data upon which to base his
or her clinical decisions.

Psychiatry has not had good luck as a procedure-based discipline, with unfortunate
consequences for the economic stature of psychiatrists. As a rule, procedure-based specialties
are much more remunerative than their non-procedure-oriented counterparts; compare invasive
cardiology to non-invasive cardiology. That economic reality reflects what patients want from a
specialist: not simply the ability to fill out a DSM checklist, but rather, the generation of
specialized information in the service of proper diagnosis and appropriate, individualized
treatment. The availability of efficient computerized neurocognitive screening measures provides
psychiatrists with procedures that are precise, reliable, and sensitive. They are good for
psychiatrists, and good, too, for the patients.
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THE STROOP TEST

In 1935, the psychologist JR Stroop demonstrated that naming is slowed when subjects
are asked to name the ink color of an incongruous color word; for example, the word “blue”
printed in red ink (13). The incongruity of word color and word meaning generates an
“interference” effect.

The Stroop test is still used as part of standard neuropsychological batteries and several
computerized versions of the test have been developed. It is a favorite test in studies of the
neurocognitive effects of CNS drugs, especially anti-epileptic drugs.

There have been several versions of the Stroop test over the years. The modification
adopted for CNS Vital Signs uses only four colors/color words (red, green, yellow, blue), and only
one key is in play, the space bar. The test has three parts. In the first, the words RED, YELLOW,
BLUE and GREEN (printed in black) appear at random on the screen, and the subject presses
the space bar as soon as he or she sees the word. This generates a simple reaction time score.

In the second part, the words RED, YELLOW, BLUE and GREEN appear on the screen,
printed in color. The subject is asked to press the space bar when the color of the word matches
what the word says. This generates a complex reaction time score.

In the third part, the words RED, YELLOW, BLUE and GREEN appear on the screen,
printed in color. The subject is asked to press the space bar when the color of the word does not
match what the word says. This part also generates a complex reaction time score, called the
“Stroop reaction time.” The Stroop reaction time is, on average 120 msecs longer than the
complex reaction time generated in part two of the test (range, 78-188 msecs). Part three also
generates an error score.

A domain score for “reaction time,” or, to be more precise, information processing speed,
is generated by averaging the two complex reaction time scores from the Stroop test.

THE SHIFTING ATTENTION TEST

The Shifting Attention Test (SAT) measures the subject’s ability to shift from one
instruction set to another quickly and accurately. In the SAT test, subjects are instructed to match
geometric objects either by shape or by color. Three figures appear on the screen, one on top
and two on the bottom. The top figure is either a square or a circle. The bottom figures are a
square and a circle. The figures are either red or blue; the colors are mixed randomly. The
subject is asked to match one of the bottom figures to the top figure. The rules change at
random. For one presentation, the rule is to match the figures by shape, for another, by color.
This goes on for 90 seconds. The goal is to make as many correct matches as one can in the
time allotted. The scores generated by the SAT are: correct matches, errors, and response time
in milliseconds.

There is not a precise parallel to the SAT in the compendium of conventional
neuropsychological tests, although Trails B and the Wisconsin Cart Sort are considered to be
tests of shifting attention. Computerized tests, however, like the NES2, CogState and CANTAB
have shifting attention tests that are not dissimilar to the SAT, and color-shape tests like the SAT
have been used in cognitive imaging studies (14,15).

A domain score for cognitive flexibility is generated by taking the number of correct
responses on the SAT and subtracting the number of errors on the SAT and the Stroop test.
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THE CONTINUOUS PERFORMANCE TEST

The CPT is a measure of vigilance or sustained attention or attention over time (16). It
has been a popular test because of its robust relationship to psychiatric disorders. Poor
performance on the CPT has been reported in ADHD (17,18), learning disabilities (11,19,20),
patients with epilepsy (21) and schizophrenics (22,23). It is sensitive to CNS dysfunction in
general, and is not specific to any particular condition (24).

The CPT is also sensitive, for better or worse, to the effects of various drugs. In ADHD
children, performance on the CPT is reliably improved by stimulant medications (25,26). Alcohol
consumption (27) adversely affects performance on the CPT, but nicotine tends to improve
performance on the test (28). Certain anticonvulsant medications impair performance on the CPT
(29).

The CPT in Vital Signs is a conventional version of the test, although it is shorter than
some other versions. In the Vital Signs CPT, the subject is asked to respond to target stimulus
“B” but not to any other letter. In five minutes, the test presents 200 letters. Forty of the stimuli
are targets (the letter “B”), 160 are non-targets (other letters). The stimuli are presented at
random, although the target stimulus is “blocked” so it appears eight times during each minute of
the test.

Scoring is correct responses, commission errors (impulsive responding), and omission
errors (inattention). The CPT also reports subjects’ choice reaction time for each variable. A
domain score for “complex attention” is generated by adding the number of errors committed in
the CPT, the SAT and the Stroop.
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