Computer-Assisted Management of Attention-Deficit/

Hyperactivity Disorder

WHAT’S KNOWN ON THIS SUBJECT: Medication is effective in \
reducing attention-deficit/hyperactivity disorder symptoms, but
community management is suboptimal. Computer-assisted
decision-making can improve quality of care. Structured titration
procedures can improve outcomes, but centralized procedures to
identify optimal levels may be difficult to implement.

WHAT THIS STUDY ADDS: Brief physician training alone did not
lead to greater clinical improvement, but adherence to a protocol
that involved titration until a clinically significant change
resulted, by using a medication management software program,
led to greater symptom reduction. j

OBJECTIVES: Medication management of attention-deficit/hyperactiv-
ity disorder (ADHD) is often suboptimal. We examined whether (1) brief
physician training plus computer-assisted medication manage-
ment led to greater reduction in ADHD symptoms and (2) adherence
to the recommended titration protocol produced greater symptom-
atic improvement.

METHODS: Arandomized medication trial was conducted that included 24
pediatric practices. Children who met criteria for ADHD were randomly
assigned by practice to treatment-as-usual or a specialized care group in
which physicians received 2 hours of didactic training on medication man-
agement of ADHD plus training on a software program to assist in moni-
toring improvement. Parent and teacher reports were obtained before
treatment and 4, 9, and 12 months after starting medication.

RESULTS: Children in both specialized care and treatment-as-usual
groups improved on the ADHD Rating Scales and SNAP-IV, but there
were no group differences in improvement rates. Brief physician train-
ing alone did not produce improvements. When recommended titration
procedures were followed, however, outcomes were better for total
and inattentive ADHD symptoms on both the ADHD Rating Scales and
SNAP-IV parent and teacher scales. Results were not attributable to
discontinuation because of adverse effects or failure to find an effec-
tive medication dose.

CONCLUSIONS: Brief physician training alone did not lead to reduc-
tions in ADHD symptoms, but adherence to a protocol that involved titra-
tion until the child’s symptoms were in the average range and had shown
a reliable change led to better symptom reduction. Computer-assisted
medication management can contribute to better treatment outcomes in
primary care medication treatment of ADHD. Pediatrics 2011;128:e46—€53
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Medication management for attention-
deficit/hyperactivity disorder (ADHD)
in primary care practice is often sub-
optimal." Guidelines for pharmaco-
logic treatment of ADHD have been de-
veloped by the American Academy of
Pediatrics  (AAP)23 and others.*”
Treated children whose physicians
were trained in the AAP guidelines im-
prove,t10 but it is not clear if they im-
prove more than those of untrained
physicians. In that study and oth-
ers,'"2 central committees deter-
mined optimal dose, a process difficult
to replicate in community practice,
and used forced-choice titration pro-
cedures, with each child administered
each designated dose of study medica-
tion 810 Reluctance to deploy this ap-
proach may have contributed to less
than half of diagnosed children receiv-
ing a titration trial.!

Inthe present study, in which the effec-
tiveness is examined of a brief physi-
cian training program to improve
primary care ADHD medication man-
agement, we addressed 2 limitations
of previous studies by (1) including a
comparison group to assess the ef-
fects of physician training on child
behavior, (2) providing training in
the use of an office-based, computer-
ized program to determine optimal
dose, and (3) examining whether ad-
herence to the recommended titra-
tion protocol produced greater
symptomatic improvement.

METHODS

Study Design and Setting

We enrolled children with ADHD from
24 Chicago-area pediatric practices in
2003 to 2009. Following a cluster ran-
domized trial design, we stratified
practices according to demography (3
clinics that serve low-income fami-
lies; 21 private practices), number of
pediatricians, and geography (city,
suburb) and, with institutional re-
view board approval, we randomized
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Enrollment: Assessed for
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randomization eligibility (n = 562)

Not meeting inclusion/
exclusion criteria (n = 236);
172 not screen-high on both
parent and teacher screens; 24
not ADHD on structured
interview; 32 low IQ; 12 other
mental health problems; 6 tics;
some excluded for multiple
reasons

Refused to participate (n =
56); 35 before starting baseline
evaluation; 21 decided against
medication treatment after
diagnosis of ADHD

Allocated to SC
intervention (n = 137)

Allocation

Allocated to TAU
intervention (n = 133)

Completed 4-mo
Interval assessment (n=115)
assessments Completed 9-mo
assessment (n = 87)

Completed 4-mo
assessment (n =109)
Completed 9-mo
assessment (n = 87)

Completed 12-mo
assessment (7= 112)

12-mo Excluded from analysis

Completed 12-mo
assessment (n = 114)
Excluded from analysis

assessment (n=0)

gLl

(n=0)

FIGURE 1
Enrollment flowchart.

12 pairs of practices to specialized
care (SC) or treatment-as-usual
(TAU) interventions.

Participants

Participating physicians referred pa-
tients with suspected ADHD for screen-
ing. The screening sample included
562 children aged 5.9 to 11.11 years
(mean: 8.3 years), with 419 (74.6%)
boys. To be eligible, children had to
meet Diagnostic and Statistical Man-
ual of Mental Disorders, Fourth Edi-
tion, criteria for the diagnosis of ADHD.
Exclusion criteria were (1) ADHD med-
ication in previous 2 months, (2) child
not with primary caretaker for previ-
ous 6 months, (3) enrolled in class-
room for children with intellectual dis-
abilities or 10 < 70, (4) taking
medication incompatible with stimu-
lants, (5) history of intolerance to stim-
ulants, (6) suicidal ideation or autism
spectrum disorder, and (7) medical ex-
clusions (antipsychotic medication in
previous 2 months, chronic tics/
Tourette syndrome, major illness, or

abnormally high blood pressure or
pulse). Of 562 screened, 236 were ex-
cluded, and 56 declined participation
(Fig 1) before consenting to treatment
or receiving information specific to
TAU or SC treatment procedures.

Final Sample

There were 270 families who con-
sented to participation in the treat-
ment phase of the study after their
child was diagnosed with ADHD. This
included 208 boys (77.0%) and 62 girls
(23.0%) (mean age: 8.2 years). Self-
identified race/ethnicity was white
(81.5%), Hispanic (12.2%), black
(2.5%), other (2.2%), and not reporting
(1.5%).

There were 137 (50.7%) children in the
SCand 133 (49.3%) inthe TAU condition
(Table 1). There were no group differ-
ences in child’s age, parental marital
status, or socioeconomic status, but
there was a significant group gender
difference, x2 (1, N=270) = 4.66 (P =
.031), with the SC group having more
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TABLE 1 Demographics and Methylphenidate Equivalents for Children Who Enter Treatment

SC Group (N = 137) TAU Group (N = 133)

Age at study entry, y (=SD)
Gender, n (%) male
Race/ethnicity, n (%)
NonHispanic white
Black
Hispanic
Other
Missing
Marital status, n (%)
Married or remarried
Not married
Not reported
Socioeconomic status (Hollingshead class), n (%)
1 (highest)
2
3
4
5 (lowest)
Mean dose (methyl-phenidate equivalent), n (%)

8.25 (1.38) 8.19 (1.62)
113 (82.5) 95 (71.4)
101 (73.7) 119 (89.5)

6 (4.4) 1(8)

23 (16.8) 10 (7.5)
3(2.2) 3(2.3)
4(2.9) 0

105 (76.6) 103 (77.4)

18 (13.1) 21(15.8)

14 (10.2) 9(6.8)

19 (13.9) 20 (15.0)

70 (51.1) 59 (44.4)

30(21.9) 35(26.3)

13 (9.5) 15 (11.3)

5 (3.6) 4(3.0)

27.68 (12.9) 30.37 (15.41)

boys (82.5%) than the TAU group
(71.4%). There were more minority
(Hispanic, black, or other) children in
the SC group, x? (1, N = 266) = 8.51
(P = .0041), and whites comprised
75.9% of the SC condition and 89.5% of
the TAU condition. Because of these dif-
ferences, minority status and gender
were entered as covariates in analyses.

For the total treated sample, there
were 120 children  with  ADHD-
combined type (49.0%), 24 with hyper-
active/impulsive type (9.8%), and 101
with inattentive type (41.2%). The 2
study groups did not differ on ADHD

type.
Measures

ADHD Diagnosis

The Diagnostic Interview Schedule for
Children IV-Parent version's is a struc-
tured, parent-report, psychiatric diag-
nostic interview. Eligible children had
to meet criteria for any ADHD type.

Outcome Measures

The ADHD Rating Scales-IV (ADH-
DRS)™-'6 are parent- and teacher-
reported scales with items derived
from the Diagnostic and Statistical
Manual of Mental Disorders, Fourth
Edition ADHD symptom list. The ADH-
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DRS is the only ADHD rating scale with
available test-retest reliability and nor-
mative data. The SNAP-IV,'"'8 used
widely in assessment of ADHD, was
completed by parents and teachers
before treatment and at 4, 9, and 12
months after. SNAP and ADHDRS total
and inattention scores were used.

Adverse Effects

The Side Effect Rating Scale," which
lists common adverse effects of medi-
cations for ADHD, was completed by
the parent at 4, 9, and 12 months after
treatment began. Children completed
the Beck Anxiety Inventory for Youth
and the Beck Depression Inventory for
Youth?® at baseline, 4 months, 9
months, and 12 months to screen for
suicidal ideation and high levels of anx-
iety or depression.

Procedure

Screening and Pretreatment
Evaluations

If parent and physician thought
screening for ADHD was indicated, par-
ents and teachers completed the
ADHDRS and SNAP. Children with
scores > 75th percentile on both par-
ent and teacher forms were eligible
for the pretreatment evaluation, at

which time the Diagnostic Interview
Schedule for Children IV-Parent ver-
sion was administered. Those with a
diagnosis of ADHD-combined, inatten-
tive, or hyperactive/impulsive types,
regardless of comorbidities, were in-
vited to participate in the medication
trial. If families agreed, the physicians
were notified of the child’s diagnosis
and eligibility, and an office visit was
scheduled to initiate treatment.

Home visits were conducted at 4 and
12 months after treatment began. At 9
months, questionnaires were mailed
home. Of 270 families, 83.0%, 64.4%,
and 83.7% completed assessments at
4,9, and 12 months, respectively.

Interventions

For the SC group, we derived medica-
tion management procedures from
the ADHD guidelines of the AAP the
American Academy of Child and Ado-
lescent Psychiatry,5?' and Texas Chil-
dren’s Medication Algorithm Project.67
Physicians received 2 hours of office-
based training in using stimulant med-
ications and atomoxetine. A bachelor’s
degree-level ADHD specialist pro-
vided 1 hour of training to office staff
in the use of software (Focus on
ADHD Medication Management Pro-
gram [ie, the Focus program] [Chil-
dren’s Memorial Hospital, Chicago,
IL]) designed for monitoring and
guiding medication titration, and re-
turned to the office for the first 3 pa-
tients per physician to ensure that
staff understood program use. Free
software for managing ADHD medi-
cations per this procedure is avail-
able at www.childrensmemorial.org/
professionals/focus-on-adhd.aspx.

The SC protocol called for physicians
to educate families about ADHD and
medications used in its treatment.
Blood pressure, pulse, height, and
weight were to be obtained. For titra-
tion, physicians were encouraged to
start children on a short-acting stimu-



lant whenever possible (as in the MTA
study'). Because there are no clinical
predictors of which stimulant is best,
physicians chose to start the child on
methylphenidate, dexedrine, or mixed
salts amphetamine. Following proto-
col, the standard regimen was 3 times
daily, with adjustments in timing or
dose made forthe third dose to reduce
effects on appetite and sleep onset.
Protocol called for medication use dur-
ing weekends and summer.

Physicians were to encourage parents
and teachers to complete the ADHDRS
weekly during the mediation titration
phase. After receiving and scoring the
ADHDRSs, a telephone call or office
visit was made with the family to ad-
just doses or make medication
changes. This process was to be re-
peated until the optimal dose level (see
below) was decided on. Subsequently,
physicians were encouraged to meet
quarterly with families.

The study involved a novel clinically
significant change (CSC) titration pro-
cedure that draws on mental health
research to determine if rating scale
improvements represent clinically
meaningful change.22% (SC required
(1) scores on the monitoring measure
moved from the dysfunctional to the
normal range and (2) amount of
change exceeded the amount ex-
plained by the reliability of the out-
come measure. A reliable change in-
dex (RC2224 on the basis of the
measure’s (ADHDRS) test-retest reli-
ability was calculated by the Focus
software; change was considered
reliable if the RCI exceeded the 95%
confidence interval. The optimal
dose for maintenance was the lowest
dose resulting in (1) change from
clinically elevated pretreatment
level to the average range (<68th
percentile) for the child’s age and
gender and (2) a degree of change
that exceeded the 95% confidence
level for the ADHDRS’s RCI.
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In each office, ADHDRS scores were en-
tered into the Focus program on a
computer located in the office suite at
before treatment and for each new
dose. Program output (in paper-based
format; only 1 practice used an
electronic medical chart) indicated
whether the child’s scores were in the
average range and the RCl was signifi-
cant. If both criteria were met, optimal
dose was achieved:; if not, the dose was
to be increased incrementally and the
ADHDRS obtained again. If a CSC was
not obtained when reaching the maxi-
mum dose for the chosen medication,
a second stimulant was tried and the
titration plan reapplied. If no CSC re-
sulted with the second stimulant, ato-
moxetine was prescribed. If that was
ineffective, a referral to a child and ad-
olescent psychiatrist was recom-
mended. This occurred with 3 children.
Per protocol, pediatricians monitored
daytime dose using teacher ADHDRS
and evening dose with parent ADHDRS.
After deciding on an optimal dose, phy-
sicians and families decided whether
to change to a long-acting formulation.

For the TAU group, children in TAU
practices were identified and evalu-
ated as in the SC practices. Pediatri-
cians then provided treatment per
their usual procedure.

Assessing Protocol Adherence

Two research assistants reviewed
transcriptions of medical charts of
SC physicians and independently rated
(1) whether medication was started on
the lowest dose, (2) whether medica-
tion was prescribed 3 times per day,
(3) whether medication was titrated
sequentially, and (4) whether CSC
titration procedures were followed. In-
terrater agreement was high (mean
k = .99 [range: .95—-1.0]).

Data Analysis

Linear mixed model analyses exam-
ined treatment differences using 2 (SC
versus TAU) X 4 (before treatment and
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at months 4, 9, and 12) repeated mea-
sures analysis in an intent-to-treat
design (previous-observation-carried-
forward method). Treatment group
and practice were entered as fixed ef-
fects; gender and race/ethnicity were
entered as covariates to control statis-
tically for their effects. In this design,
the trials effect indicates whether
there was a significant change over
time on the outcome measure for both
intervention groups (SC and TAU) com-
bined. The treatment X trials interac-
tion indicates whether there was a sig-
nificant difference between the 2
groups in the rate of improvement
over time. Because of the effect of
ADHD on classroom functioning,
teacher SNAP and ADHDRS ratings
were primary outcome measures. In
examining the effects of protocol ad-
herence in the SC group, a similar 2
(achieved a CSC change versus did not
achieve a CSC change) X 4 (trials) re-
peated measures intent-to-treat analy-
sis was conducted. x? analyses were
conducted to examine whether specific
protocol components were associated
with achieving a CSC change, and ttests
were used to compare differences in to-
tal daily medication dose.

RESULTS

Main Effects for Treatment

InTable 2, the trials and treatment con-
dition (SC versus TAU) X trials effects
are presented. For both total ADHD
symptoms and inattentive symptoms
on the ADHDRS and SNAP scales, there
were significant trials effects, with
large gains noted by the 4-month as-
sessment and continued improvement
at 9 and 12 months. This finding is con-
sistent with previous studies that re-
veal an overall effect of medication on
child ADHD symptoms.

There was, however, no significant dif-
ference in the rate of change over time
between the 2 treatment conditions
for either measure. Thus, the brief
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TABLE 2 Trials and Treatment (SC Versus TAU) X Trials Effects 3 Not titrated To C5C
Measure Rater Time (Trials Effect), Group Differences Over Time 2.5 —mTitrate to CSC
F PES (Treatment X Trials Effect),
F P ES 2
ADHDRS ADHDRS parent 4 \
ADHDRS total scale Parent 12.00,.001, —.32 92,NS score \
Teacher 15.74, 001, —.39 1.9,NS 1 > —
ADHDRS inattention scale ~ Parent 10.20,.001, —.32 T3,NS 0s -_-\L
Teacher 13.65,.001, — .48 1.64,NS ’
SNAP 0
SNAP total scale Parent 2249, 001, —.28 .83, NS & &® & &
Teacher 17.82, 001, — 46 94,NS R A 44
SNAP inattention scale Parent 16.14, .001, —.36 39, NS Q@é
Teacher 14.86,.001, —.78 .90, NS

ES indicates effect size; NS, not significant.

training for the SC physicians was not

sufficient to produce improvement in - \ya axamined whether outcomes were Lo - Not titrated to CSC
child functioning versusthe TAUgroup.  associated with adherence to the 4 \ [-m=tiate o csc
These results did not differ when elim-  treatment protocol. Although adher- 12— \

inating the 9-month data, where the
larger number of missing cases re-
sulted in more previous observations
carried forward.

Adherence to the SC Protocol

ence could be viewed as a physician
function (ie, did the physician follow
protocol), adherence to protocol is
also a function of the family’s willing-

FIGURE 2

Results for ADHDRS parent-total score. ADHDS
scores are standardized so that 0 is average for
child’s age and gender; 1.96 = +1 SD.

ADHDRS
0.8
teacher score

L
f

Additional analyses to examine ness to follow recommendations and

whether treatment effects were spe- teacher’s willingness to provide re- 0 = e e o
cific to ADHD subtype revealed no sig- ports. Thus, we viewed adherence as z,,,é““ o 0&
nificant treatment condition X trials a function of the physician-family Q&“

differences on parent or teacher to-
tal SNAP or ADHDRS scales for the
combined ADHD subtype, or ADHD-
inattentive subtype on the ADHDRS
or SNAP inattention scales (ADHD-
hyperactive/impulsive subtype was
not examined because of the small n).

teacher team.

Adherence to Titration Procedure

The most critical protocol component
involved the titration procedure. For 38
children, the recommended titration
procedure (titrating until a CSC change

FIGURE 3

Change in ADHRS teacher scale. ADHDS scores
are standardized so that 0 is average for child’s
age and gender; 1.96 = +1 SD.

occurred and average-range scores
were attained) was followed; for 99, it

was not. When followed, children had
better outcomes for parent and teacher
report on the total and inattentive sub-
scales for both the ADHDRS parent and
teacher total scales and inattentive
scales, and the SNAP parent and teacher
total and inattentive scales (Table 3)

TABLE 3 Trials and Adherence Group (Titration Criteria Met Versus Not Met) X Trials Effects

All Children in the SC Group Children in the SC Group
Without Adverse Effects

Measure Rater

Time Adherence X Time Adherence X

(Trial Effect), ~ Time (Trial) ~ (Trial Effect), ~ Time (Trial) N .
£ p Effect, £, P Fp Effoct £, P (Flgs 2 and 3 illustrate chahge across
ADHDRS time for ADHDRS scores, with similar
ADHDRS total scale Parent  14.62, 001 3.57, 014 10.69,.001 18,NS results for SNAP scores).
Teacher  19.15,.001 3.92,.009 18.86,.001 3.89,.009 We examined whether adherence to
ADHDRS inattention scale ~ Parent 12.21,.001 2.96,.032 9.44,.001 1.41,NS . . .
Teacher 16,50, .001 3.5, 021 16.49, 001 330, 020 the titration procedures was associ-

SNAP ated with demographic factors, which

SNAP total scale Parent 26.49, .001 4.44, 004 20.68, .001 2.68,.046 raises the possibility that demo-
Teacher  22.15,.001 5.24, 001 25.72, 001 5.44, 001 hic fact ted for th
SNAP inattention scale ~ Parent 1866, 001 287, 036 14.29, 001 132,N8 graphic factors accounted for the
Teacher  17.24,.001 2.75, 042 19.45, .001 3.20, 031 titration adherence effects. Adherence

NS indicates not significant. to titration procedures was unrelated
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to minority status, gender, socioeco-
nomic status, age at baseline, or
ADHD diagnostic type.

[t was possible that some children ex-
perienced adverse effects that pre-
vented them from achieving scores in
the normal range. To examine this pos-
sibility, children who were discontin-
ued from medication because of ad-
verse effects were eliminated from
analyses. Trials effects (Table 3) were
similar to the analyses for all SC chil-
dren, with significant improvements
for both ADHDRS and SNAP measures,
parent and teacher raters, and total
and inattentive scores. For teacher rat-
ings, the treatment X trials effects
were the same for the minimal-
adverse effect children as for the total
SC sample, with greater improvement
for both measures, total and inatten-
tive symptom scales. The results were
less consistent for the parent mea-
sures. For the total SC group, there
were improvements for the good ad-
herence group on each measure. For
the children with minimal adverse ef-
fects, the parent ratings continued to
be significant for the SNAP total score,
but not for the SNAP inattention scale
or either ADHDRS total or inattention
scales.

We also examined whether some chil-
dren failed to meet the criterion for
clinically significant change because
medications were ineffective, ie, they
received the maximum dose and did
not exhibit a clinically significant
change. This did not occur; only 6 chil-
dren inthe SC group received the max-
imum dose of a medication.

Adherence to Other Protocol
Components

We examined whether other specific fac-
tors contributed to outcome. Nonsignifi-
cant elements included starting on a
short-acting versus long-acting stimu-
lant; starting on the lowest dose; and
proceeding sequentially when titrating
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evening medications. Significant effects
were associated with progressing se-
quentially, x> (1, N=137) = 4.24 (P =
.039) for daytime medications.

Dose Differences

Comparisons between groups were
made for the highest daily dose of
medication given, with stimulant med-
ications converted to methylphenidate
equivalents. The groups did not differ
on total daily dose (Table 1). In addi-
tion, there was no significant differ-
ence (t,o; = .30, P = .76) in total daily
medication dose between the group
adhering to the titration procedure
(mean: 27.1 mg/day, SD: 12.6) and the
nonadhering group (mean: 27.9 mg/
day, SD: 13.1).

Adverse Effects

There were no differences on the
Barkley adverse effects scale be-
tween SC and TAU groups at 4, 9, or
12 months.

DISCUSSION

Inthis study we examined the effective-
ness of brief didactic training plus
training in, and use of, computer-
assisted titration for pediatricians in
the management of first-line ADHD
medications (stimulants and atomox-
etine). There were 3 major findings.
First, consistent with many previous
studies, children treated with medica-
tion improved. Second, the brief training
provided to the special care group physi-
cians was not sufficient to produce bet-
ter outcomes for their patients as re-
ported by parents or teachers. Thus,
these data highlight the need for includ-
ing a comparison group in studies that
test guideline implementation.

Third, protocol adherence is important
for improving clinical outcomes. Previ-
ous studies have revealed that
computer-assisted  decision-making
increases adherence to guidelines.?5.%
This intervention differed from previ-
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ous work in using a computer-assisted
titration procedure to assess reliable
and clinically meaningful change, with
optimal dose being the lowest dose
producing a reliable change and symp-
tom ratings in the average range
(<68th percentile) for the child’s age
and gender. When the physician/par-
ent/teacher team titrated the medica-
tions to the point where a GSC was
achieved, there were significant im-
provements in classroom behavior on
parent and teacher measures not used
in the titration process. The improve-
ment associated with a CSC could not
be attributed to adverse effects inter-
fering with achieving a CSC in some
children, or to inability to find a medi-
cation dose sufficient to produce de-
sired improvements in others. In addi-
tion, improvement associated with
titration to a CSC did not result in a
higher total daily dose of medication,
raising the possibility that some chil-
dren who did not achieve a GSC did not
receive an adequate dose, whereas
others may have been medicated be-
yond the point of achieving a CSC and,
thus, were overmedicated.

The titration procedure used in this
study is preferable to those in which
the maintenance dose moves the
child’s symptom scores below a clini-
cal cutoff without guidelines for deter-
mining optimal dose. The latter proce-
dure may result in unreliable
improvement (ie, if the child’s scores
initially were low in the clinical range),
ending the titration when the child’s
score reaches the average range
(<<68th percentile) may result in a
suboptimal level of symptom reduc-
tion because a CSC has not been
achieved. Hand-calculation of the RCI
and searching manuals to identify
average-range scores per age and gen-
der is too time-consuming for clinicians;
this is an ideal situation for computer
application. In addition, unlike forced
titration procedures, the CSC procedure
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means that children are not required to
try a dose that may be higher than nec-
essary to achieve a GSC.

Observations by the ADHD specialist
during office visits and comments by
office staff and physicians during
those visits reveals that some prac-
tices were more successful at imple-
menting the use of software and med-
ication management than others.
Practices that identified 1 or 2 support
staff members who became very com-
fortable with the program’s use
were more successful, as were prac-
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