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OBJECTIVES: To assess whether children with medical complexity (CMC) exposed to a hospitalbased comprehensive case management service (CCMS) experience improved health care
quality, improved functional status, reduced hospital-based utilization, and/or reduced
overall health care costs.

abstract

METHODS: Eligible CMC at Seattle Children’s Hospital were enrolled in a cluster randomized

controlled trial between December 1, 2010, and September 29, 2014. Participating primary
care providers (PCPs) were randomly assigned, and CMC either had access to an outpatient
hospital-based CCMS or usual care directed by their PCP. The CCMS included visits to a
multidisciplinary clinic ≥ every 6 months for 1.5 years, an individualized shared care plan,
and access to CCMS providers. Differences between control and intervention groups in
change from baseline to 12 months and baseline to 18 months (difference of differences)
were tested.

RESULTS: Two hundred PCPs caring for 331 CMC were randomly assigned. Intervention group

(n = 181) parents reported more improvement in the Consumer Assessment of Healthcare
Providers and Systems version 4.0 Child Health Plan Survey global health care quality
ratings than control group parents (6.7 [95% confidence interval (CI): 3.5–9.8] vs 1.3 [95%
CI: 1.9–4.6] at 12 months). We did not detect significant differences in child functional
status and most hospital-based utilization between groups. The difference in change of
overall health care costs was higher in the intervention group (+$8233 [95% CI: $1701–
$16 937]) at 18 months). CCMS clinic costs averaged $3847 per child-year.

CONCLUSIONS: Access to a CCMS generally improved health care quality, but was not associated
with changes in child functional status or hospital-based utilization, and increased overall
health care costs among CMC.
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What’s Known on This Subject: At this study’s outset,
preliminary studies had revealed that multidisciplinary
hospital-based comprehensive care programs may improve
health care outcomes and reduce inpatient utilization for
children with medical complexity, but few trials had been
conducted.
What This Study Adds: In a randomized controlled trial,
access to a hospital-based comprehensive case management
service generally improved health care quality, but was not
associated with change in child functional status or hospitalbased utilization, and increased overall health care costs
among children with medical complexity.
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Children with medical complexity
(CMC) require more health care
services compared with children
without chronic illness.1– 3 When
sick, CMC can be challenging for
primary care providers (PCPs) to
care for because of their complex
conditions and limited resources in
the outpatient setting.4 In response,
some children’s hospitals have
created multidisciplinary hospitalbased comprehensive care programs
to address the needs of CMC.3,5,
 6 The
small but growing body of research
using mainly uncontrolled study
designs suggests that programs such
as the medical home,7– 12
 hospitalbased programs,13– 17
 home care,
18–20
 telehealth,21 and disease-specific
specialty clinics22–24
 may improve
health care outcomes for CMC.5 At
this study’s outset, we were unable
to identify previous trials of pediatric
complex care service provision,
but preliminary studies had
revealed the potential for care
coordination interventions to
substantially reduce the costs
of care for CMC by decreasing
inpatient utilization.13,14,
 17,
 25,26

Seattle Children’s Hospital (SCH)
developed a comprehensive case
management service (CCMS), a
multidisciplinary, hospital-based
service focused on improving care
coordination for CMC. SCH does
not provide primary care but has
subspecialty outpatient services
and a dedicated inpatient service
for CMC. With the creation of our
CCMS, we had a unique opportunity
to examine its effect. We conducted
a cluster randomized controlled trial
to assess whether exposure to our
CCMS would improve health care
quality and functional status, reduce
hospital-based utilization, and/or
reduce health care costs among CMC.

Methods
Trial Design and Setting
A cluster randomized controlled
trial of the CCMS clinic at SCH was
2

conducted from December 1, 2010,
to September 29, 2014. The SCH
Institutional Review Board provided
approval.

Eligible Participants

Eligible children were obtained
from 2 sources: (1) application of
a validated algorithm to classify
CMC27 by using 3M Clinical
Risk Group categories 5b, 6, 7,
or 9 from the previous 3 years
of administrative data and (2)
identification by participating PCPs.
Potentially eligible children were
screened for meeting 2 inclusion
criteria: (1) hospitalization or
emergency department (ED) visit
at SCH 1 or more times in 2009 or
2010, or in 2011 until the end of the
enrollment period, and (2) having a
dominant chronic condition, defined
as a “potentially lifelong, serious
chronic medical condition that often
results in progressive deterioration
of health and that contributes to
individual debility, death, or future
need for medical services.”27 We
then excluded children who were (1)
cared for in a SCH subspecialty clinic
that comprehensively addresses
the needs of CMC; (2) age ≤90 days
or (3) age ≥18 years; (4) from
out-of-state; (5) expired; (6) other
than English or Spanish speaking;
or (7) unwilling to participate in
research. Finally, we excluded
children with a length of stay (LOS)
≥27 days who were felt to be in
the palliative care phase of illness
and unlikely to benefit from CCMS.
Final confirmation of inclusion and
exclusion criteria was performed by
review of the child’s medical record
by a research team physician, CCMS
physician, or nurse practitioner
(NP).

Randomization, Recruitment, and
Blinding

Once the pool of 1036 eligible
children was established, we
identified their community-based
PCP by using SCH databases (Fig 1).
We conducted a cluster randomized

controlled trial with PCPs as
the units of randomization to
address logistic and contamination
concerns. To further balance cluster
sizes, we stratified 587 PCPs into
those with ≥5 and <5 eligible
CMC, and we performed random
assignments within each stratum
by using the “sample” command in
Stata.
Eligible PCPs were approached by
mailed letter invitation followed
3 days later by recruitment
by telephone call(s). Up to 10
recruitment calls were made before
assuming a passive declination.
If the PCP refused to participate,
his or her patients were removed
from the pool of eligible children.
If the PCP agreed to participate, we
reviewed his or her list of identified
CMC with the PCP to confirm that
he or she was the PCP for each
listed child and that the PCP agreed
with the CMC designation. We also
solicited the names of additional
patients, whom the PCPs believed
were eligible, from the PCPs’
practices.
Once the PCP for an eligible
child was enrolled, the child’s
parents were approached
by mailed letter invitation
cosigned by the PCP, followed
2 weeks later by recruitment by
telephone call(s). If the parent
expressed interest in participating,
he or she was sent a consent and
Health Insurance Portability and
Accountability Act authorization
form. If the parent chose not to
participate, his or her child was
removed from the pool of eligible
children. Once the consent forms
were returned, parents were
informed of their study group
assignment.

PCPs and parents were blinded to
their assignment until their patients/
children were enrolled in the study.
Study staff remained unblinded to
group assignment throughout the
study.
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FIGURE 1

Consolidated standards of reporting trials diagram.

Interventions
The intervention group had an
initial 3-hour intake visit in the

multidisciplinary SCH-based
CCMS clinic staffed by several
hospital medicine physicians who

specialized in the care of CMC: 1 NP,
2 registered nurse case managers,
medical assistants,

Downloaded from www.aappublications.org/news by guest on June 17, 2021
PEDIATRICS Volume 140, number 6, December 2017

3

1 social worker, 1 registered
dietician, and 1 dedicated
scheduler. Potential experience
gaps for hospital medicine
providers who may have been
less familiar with obtaining and
maintaining outpatient care needs
were addressed by collaboration
with the numerous ancillary
providers involved with the
clinic. At this first visit, the child’s
parent(s) worked with the CCMS
team to develop an individualized
shared care plan that included the
child’s routine health care needs
and steps to take when the child
was sick, including at home, in the
PCP’s office, and in the ED.28– 30
 A
CCMS physician or NP reviewed the
shared care plan with the child’s
PCP by telephone to incorporate
his or her feedback (see the CCMS
Care Plan in the Supplemental
Information). The shared care plan
resided in the electronic medical
record and was readily available to
all SCH providers and staff. Paper
copies of the plan were provided
to the parent, the child’s PCP,
and the state’s electronic database
for EDs. When an intervention
group child became ill, the
parent, PCP, and CCMS providers
followed the processes established
by the CCMS and outlined in
the child’s shared care plan.
Intervention group PCPs and
families also had access to CCMS
providers to help manage care
coordination needs and acute
health issues. If a child presented
to the SCH ED, a CCMS provider
notified the ED of the patient and
the reason for the visit; and if a
child was admitted to SCH, a CCMS
provider saw the patient and
contacted the inpatient team. As a
maintenance measure, CCMS visits
were scheduled for each child every
6 to 9 months to prospectively
update the shared care plan. Some
patients in the intervention group
eventually used the CCMS clinic
more regularly for routine and
sick care.
4

The control group continued to
receive the usual care from their PCP,
SCH, and other providers31 but did
not have access to the CCMS clinic or
providers.

Outcomes

We assessed health care quality
by using the composite and global
rating scores included in the
Consumer Assessment of Healthcare
Providers and Systems (CAHPS)
version 4.0 Child Health Plan Survey,32
including supplemental CAHPS
items related to care coordination
for children with chronic conditions.
Composite measure scores were
constructed as described in the
2008 CAHPS Health Plan Survey and
Reporting Kit.33 Parent reports of
child functional status were assessed
by using the 14-item Functional
Status II-Revised measure.34 All
enrolled parents were invited to
complete surveys at baseline, 12
months, and 18 months by e-mail,
regular mail, or telephone, on the
basis of parental preference.

We used SCH administrative
discharge data to assess hospitalbased utilization including ED visits,
hospital admissions, total hospital
days, average LOS, ICU admissions at
baseline, 12, and 18 months. Death
of enrolled patients was assessed by
using discharge data at 12 and 18
months. All outcomes were assessed
per child-year, which was derived
from the amount of time each child
spent in the study. Patients with
no SCH-based usage at 12 and 18
months were assumed to have had
no usage; patients who moved out
of state or died during the study
period were censored at the date
of the event if known. To minimize
bias from extreme values and/or
outliers on regression analyses, the
highest 1% of usage outcomes for
ED visits, hospital admissions, and
ICU visits were winsorized at the
99th percentile.35 Average LOS was
additionally log-transformed before
analysis.36

We measured 2 economic
outcomes: CCMS program
implementation costs and costs
attributable to overall health
care usage. CCMS program costs
represent net costs after accounting
for costs offset by clinic revenue,
and they include staff and physician
salaries and benefits, as well as
medical supplies. Overall health
care costs were based on total
health plan costs of care obtained
directly from 5 payers who insured
this patient population during the
study period, and included the
subtypes listed in Table 1 All costs
were inflation-adjusted to 2014
US dollars by using the medical
care services component of the
consumer price index.37 Total
intervention costs were calculated
as the sum of CCMS program costs
(intervention group only) and total
health plan costs. Not all payers
were willing to provide data and
some only provided data at baseline
and 12 months, resulting in missing
cost data for some participants.

Sample Size

We estimated that 100 PCPs per
group with 2 patients per PCP
(200 children per group) would
achieve 80% power to detect an
absolute 10% reduction in ED or
hospitalization risk at 12 months in
the intervention group, compared
with the 20% risk in the control
group, assuming an intraclass
correlation coefficient of 0.02 and α
level of .05. Assuming at 12-month
follow-up that the average control
group “getting needed care” CAHPS
score is 83 (SD 21) and the average
“getting care quickly” score is 83
(SD 22),38 sample sizes of 100
PCPs per arm provide 80% power
(intraclass correlation coefficient
0.02, α level .05) to detect a
minimum increase in scores of 6.0
points and 6.3 points (considered
moderately large increases: 0–100
scale)39,40
 for the intervention
compared with the control group.
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Baseline
12
18
Baseline
12
18
Baseline
12
18
Baseline
12
18
Baseline
12
18
Baseline
12
18
Baseline
12
18
Baseline
12
18
Baseline
12
18
Baseline
12
18
Baseline
12
18

Baseline
12
18

18

29 063 (22 283–37 976)
22 520 (15 598–33 216)
21 047 (14 640–32 394)
6380 (4861–8990)
4333 (3338–5816)
4056 (3055–5150)
7313 (4221–12 630)
4206 (1754–9898)
3360 (1412–7711)
560 (324–1101)
357 (211–677)
300 (171–488)
489 (325–739)
274 (182–437)
284 (163–460)
3281 (2449–4675)
2580 (1814–3969)
2289 (1614–3574)
2844 (1070–11 785)
2588 (720–7768)
2602 (595–7667)
840 (266–2214)
237 (96–557)
122 (38–300)
1174 (850–1813)
1238 (817–2029)
930 (586–1404)
5294 (3428–10 362)
5429 (3489–10 178)
4756 (3070–8472)
2440 (1649–4106)
2285 (1225–5773)
2284 (997–6427)

29 063 (22 283–37 976)
22 520 (15 598–33 216)
21 047 (14 640–32 394)

Adjusted for multiple comparisons by using the false discovery rate, significant when ≤0.10.

CCMS clinic

Other service

Durable medical equipment

Occupational, physical, and
speech therapy

Behavioral health

Home care

Pharmaceutical

Diagnostic test

ED

Inpatient care encounter

Outpatient care encounter

Health plan costs
Total

Health plan and clinic costs
Total

149

12
Estimated Costs Per Child-Year, 2014 $ (95% CI)

150
150

Baseline

Control

Month

TABLE 1 Overall Health Care Costs by Study Group and Study Period: Difference-of-Differences Analysis

31 523 (22 804–38 229)
28 236 (21 665–37 498)
26 589 (20 054–35 354)
5372 (4191–7245)
4326 (3608–5566)
4292 (3445–5391)
6447 (3707–11 747)
3530 (1974–7819)
2619 (1471–5307)
401 (206–850)
356 (230–698)
284 (198–509)
313 (198–481)
252 (177–414)
268 (163–452)
3321 (2488–4467)
3838 (2899–5478)
3703 (2781–5396)
6002 (2858–11 245)
6684 (3103–13 362)
6331 (2875–12 791)
548 (28–1680)
162 (62–472)
172 (80–405)
1583 (1127–2309)
1904 (1377–2726)
1670 (1232–2409)
6599 (4945–9017)
6067 (4498–8959)
5710 (4176–8477)
2874 (1505–5444)
1884 (785–5292)
2095 (809–6188)
$3847 per child-year

31 523 (22 804–38 229)
32 084 (25 512–41 345)
32 360 (25 825–41 125)

176

176

181

Intervention

.24
.38

.32
.58

.13
.18

.28
.22

.23
.31

.04
.03

.10
.12

.23
.16

.47
.30

.18
.07

.29
.15

.09
.01

P

.17
.18

.17
.25

.16
.16

.17
.17

.17
.17

.10
.10

.15
.16

.17
.16

.21
.17

.16
.13

.17
.16

.14
.06

q valuea

Difference in Change From
Baseline

Statistical Methods
Characteristics of enrolled patients
and caregivers, as reported at
baseline, were descriptively
summarized. All analyses were
conducted by using the intent-totreat population of patients.

For health care quality, functional
status, and hospital-based
utilization outcomes, changes over
time between intervention and
control groups were assessed by
using a difference-of-differences
approach. Specifically, we fitted a
linear or generalized linear mixed
model to each outcome, with the
main effects study group, time,
study group by time interaction,
and link function being based
on outcome distributions. The
model included PCP-level random
effects, and repeated measures
were modeled by using a spatial
power covariance structure to
accommodate unequally spaced
time points. From the models,
we estimated the mean change
in outcomes from baseline to
12 months and from baseline to
18 months for the intervention
and control groups, and we used
Fisher’s exact tests generated
by contrasts to assess whether
the changes were significantly
different between the intervention
and control groups. Mortality was
compared by using a 2-sample test
of binomial proportions.

To address the skewness in cost
data, we obtained bootstrap
estimates of health care costs and
bias-corrected accelerated 95%
confidence intervals(CI) from
1000 bootstrap replicates drawn
randomly with replacement.41
The highest 1% of costs was
winsorized at the 99th percentile.35
Additionally, 8 extreme outliers
were removed from subsequent
analyses. Missing costs were
multiply imputed (5 imputations)
within each study arm and replicate
by the Markov chain Monte Carlo
6

method by using time-dependent
outcomes and patient age at
baseline.42 Change scores (baseline
to 12 months and baseline to
18 months) were calculated for
each patient. Change scores were
aggregated over imputations;
mean change scores were
calculated by study arm; and
differences between the control
and intervention groups in change
from baseline to 12 months and
from baseline to 18 months
(difference of differences) were
calculated. Significance of the
difference of differences was
obtained from the bootstrap
distribution, with missing outcomes
imputed. We also performed a
subanalysis on the children whose
insurers were willing to provide
complete billing data.
All analyses were conducted by
using SAS version 9.4 (SAS Institute
Inc, Cary, NC), with some data
management performed by using
Stata version 12 (Stata Corp, College
Station, TX). To control for multiple
comparisons, we controlled for false
discovery rate by using q values,43,44

the proportion of false positives
incurred if a particular comparison
is called significant. We considered
a comparison significant if the q
value is ≤0.1 (ie, false discovery rate
≤10%).45

Results
A total of 200 PCPs who cared
for 331 CMC were randomly
assigned, and 181 children were
allocated to receive the intervention
(Fig 1). Survey respondents at
each time point are shown in
the Consolidated Standards of
Reporting Trials diagram. All
living children were included in
the analysis. Recruitment started
on December 1, 2010, and ended
on February 27, 2013; follow-up
continued through the end of
the fiscal year on September 29,
2014.

No differences in patient, caregiver,
or PCP characteristics were noted
between the intervention and control
groups (Table 2). The majority
of caregivers were female (n =
277, 84%) and had some college
education (n = 233, 70%), and the
majority of children were white (n =
208, 63%). There was no difference
in SCH-based utilization, including
ED visits, hospital admissions, total
hospital days, average LOS, and ICU
admissions, at baseline between the
intervention and control groups.
We observed improvements in
reports of receiving help with
coordinating multiple providers
relative to baseline in the
intervention group compared with
control group at 18 months (Table
3). We also observed improvements
in the getting-needed-care-quickly
composite scores and in the health
care quality global ratings, relative
to baseline, in the intervention group
compared with the control group
at 12 months only. We found no
differences in doctor or specialist
global ratings, other composite
scores, or child functional status
between the intervention and control
groups at any time point.
We did not detect significant
differences in SCH-based usage
between the intervention and control
groups, with 2 exceptions (Table
4). Although both study groups had
decreases in hospital days per childyear and hospital stays over 7 days
per child-year between the baseline
and both subsequent time points,
the observed decreases were larger
in the control group than in the
intervention group.
Change in overall health care costs
over time, including health plan
and clinic costs, was higher in the
intervention group at 18 months
(Table 1). The observed average
cost of CCMS clinic usage was $3847
per child-year. Among subtypes of
health plan costs, only the change in
pharmaceutical costs over time was
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TABLE 2 Baseline Characteristics for Study Participants
331)a

Caregiver participants (n =
Child age, y
  ≥1 (%)
  <1 (%)
  Child age, mean (SD)
  Child male sex, n (%)
Caregiver race and/or ethnicity, n (%)
  White
  Hispanic or Latino
  Black or African American
  Asian American
  Native Hawaiian or Pacific Islander
  Other
  >1
Caregiver age, n (%)
  ≤24
  25–34
  35–44
  45–54
  ≥55
Caregiver, female sex, n (%)
Caregiver education, n (%)
  ≤8th grade
  Some high school, did not graduate
  High school graduate or GED
  Some college or 2-y degree
  4-y college graduate
  >4-y college degree
Caregiver relation to child, n (%)
  Mother or father
  Other relative
  Legal guardian
Utilization by child at study entry
  ED visits per child-year, mean (SD)
  Hospital admission per child-year, mean (SD)
  Hospital d per child-year, mean (SD)
  Average ED and/or hospital stay, d, mean (SD)
  Hospital stay > 7 d per child-year, mean (SD)
  ICU visits per child-year, mean (SD)
PCP participants (n = 200)b
Practice location (%)
  Solo practice
  Small group practice
  Large single specialty group
  Large multispecialty group
  Academic group practice
  Other (eg, urgent care, ED)
  Practice owner*
PCP age, y, mean (SD)
PCP y since medical school, mean (SD)
PCP male sex, n (%)
PCP race and/or ethnicity, n (%)
  White
  Hispanic or Latino
  Black or African American
  Asian American
  Native Hawaiian or Pacific Islander
  Other
  >1
PCP y in this practice, mean (SD)
d/wk worked, median (IQR)
Patients per provider, mean (SD)

Control Group

Intervention Group

n = 150

n = 181

130 (97)
4 (3)
8.4 (4.8)
79 (59)

156 (98)
3 (2)
7.9 (5.0)
89 (56)

92 (69)
16 (12)
0 (0)
4 (3)
2 (1)
3 (2)
16 (12)

116 (73)
25 (15)
4 (3)
4 (3)
0 (0)
1 (1)
9 (5)

8 (6)
39 (29)
49 (36)
33 (24)
6 (4)
125 (93)

6 (4)
43 (27)
61 (38)
43 (27)
7 (4)
152 (97)

3 (2)
6 (4)
16 (12)
57 (42)
29 (22)
24 (18)

6 (4)
11 (7)
19 (12)
47 (30)
46 (29)
30 (19)

129 (96)
3 (2)
3 (2)

150 (94)
4 (3)
5 (3)

0.5 (1.2)
0.8 (1.4)
5.4 (14.1)
1.6 (3.7)
0.2 (0.8)
0.1 (0.5)
n = 97

0.5 (1.1)
1.1 (1.7)
5.9 (14.9)
1.5 (3.3)
0.2 (0.8)
0.2 (0.6)
n = 103

2 (2)
37 (44)
11 (13)
28 (33)
3 (4)
3 (4)
41 (49)
48.3 (9.8)
19.9 (10.2)
37 (45)

0 (0)
41 (43)
20 (21)
31 (32)
2 (2)
2 (2)
63 (66)
48.6 (8.8)
20.3 (8.9)
39 (41)

54 (82)
1 (2)
0 (0)
9 (14)
1 (1)
1 (1)
0 (0)
12.3 (9.0)
4 (3, 4)
1.6 (1.1)

54 (81)
0 (0)
0 (0)
8 (12)
0 (0)
1 (1)
4 (6)
11.6 (8.1)
4 (3, 4)
1.8 (1.0)

GED, general education diploma; IQR, interquartile range.
a Number of respondents for individual questions ranged between 292 and 331.
b Number of respondents for individual questions ranged between 133 and 200.
* P < .05.
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higher in the intervention group than
in the control group at both 12 and
18 months. Similar findings were
observed in the subanalysis that
included children whose complete
health plan cost data were provided
(Supplemental Table 5).

Discussion
CCMS, a multidisciplinary hospitalbased service focused on improving
care coordination for CMC, was
designed to develop and support the
implementation of an individualized
shared care plan that empowered the
child’s PCP and family. We observed
that exposure to the CCMS generally
improved quality of care, did not
change functional status or hospitalbased utilization, and did increase
overall health care costs among CMC.

In the group receiving CCMS, we
observed increases in both health
care quality and costs relative to
the decline in health care costs
experienced by the control group
and other similar cohorts.46
Because the service focused on care
coordination, we believe that the
CCMS potentially improved access to
care, supplies, and services that were
 before exposure
not available47– 49
to the CCMS, which would naturally
drive costs up. CCMS providers
reported informally that many
patients had health care issues that
had not been addressed because
families were overwhelmed. CCMS
services illuminated existing gaps in
care, helped families organize and/or
prioritize care needs, and addressed
gaps caused by insurance barriers
and/or denials. This assertion is
supported by parents also reporting
improved coordination among
multiple providers. Over time, as a
child experiences higher quality and
access to needed outpatient services,
we hypothesize that both their
hospital-based utilization and costs
of care would decrease; had we been
able to follow these CMC for a longer
8

period, we might have observed
improvements in hospital-based
utilization. Alternately, creating an
optimal care environment for CMC
that addresses previously unmet
needs and coordinates care with a
whole-child approach may simply be
more expensive.

Subsequent to the initiation
of this study, Mosquera et al12
reported on a controlled trial
of an enhanced medical home
caring comprehensively for highrisk children. With this trial,
they demonstrated a reduction
in both the primary outcome of
serious illness (defined as death,
ICU stay, or hospital stay over 7
days) and costs. Our CCMS trial
differed from the Mosquera et al12
trial in 3 critical ways. First, the
intensity of the CCMS intervention
was intermittent and focused
on creation of an individualized
standard shared care plan that
supported the medical home. In
contrast, Mosquera et al12 created
an enhanced medical home for a
small group of CMC. Second, the
children that we targeted through
CCMS had substantially lower
illness severity. Only 51 (15%) of
the CCMS population met Mosquera
et al’s12 usage entry criteria of ≥3
ED visits, ≥2 hospitalizations, or
≥1 ICU visit in the previous year.
Finally, in contrast to the cost data
in Mosquera et al,12 CCMS cost data
were (1) obtained in a comparable
manner between intervention
and control groups; (2) obtained
directly from insurers, which
may more accurately reflect realworld costs and better inform the
development of a reimbursement
model for private payers; and (3)
inclusive of pharmacy, speech
therapy, and home services. The
findings of the 2 studies taken
together reveal that intensive care
coordination services directed by
physicians might be most costeffective when applied to the most

severely ill CMC (including those
in the palliative phase), whereas
less resource-intensive care
coordination services could be
applied to less ill CMC (ie, “tiered
 ).
care”50,51

Our study has several limitations.
It was conducted among CMC
with PCPs at a single center
with a unique approach to the
management of CMC. However, the
setting provided an opportunity to
test this intervention. In addition,
enrollment was challenging and did
not achieve desired sample sizes,
so the trial’s power was limited for
utilization outcomes. In addition,
given the study’s limited power, we
were unable to conduct subgroup
analyses to assess differences in
outcomes by intervention intensity
or by child characteristics such as
race and/or ethnicity or language.
PCPs and CMC who enrolled in the
study may differ from those who
declined to participate, and payers
who did not provide data may
differ from those who did. Those
differences are unmeasured. Our
analysis was conducted from the
payer perspective and does not
include out-of-pocket or indirect
costs incurred by families, which can
be significant.52 Finally, our analysis
of hospital usage was limited to SCH,
and inpatient care might have been
obtained elsewhere. However, we
performed analysis of health plan
cost data that allowed for an indirect
assessment of usage outside of our
hospital.

Conclusions
Exposure to a hospital-based CCMS
focused on care coordination for
CMC generally improved quality
of care, did not change functional
status or hospital-based utilization,
and increased overall health care
costs. Tiered care providing care
coordination services commensurate
with disease severity may be a
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111
98

12
18

Baseline
12
18

Baseline
12
18
Baseline
12
18
Baseline
12
18

Baseline
12
18
Baseline
12
18
Baseline
12
18
Baseline
12
18
Baseline
12
18

Probability of responding affirmatively, mean (95% CI)
0.47 (0.34–0.61)
0.53 (0.38–0.68)
0.47 (0.31–0.64)
Score on scale of 0–100, mean (95% CI)
74.9 (70.6–79.2)
73.1 (68.3–77.8)
75.1 (70.1–80.1)
80.3 (75.6–85.0)
78.3 (73.2–83.5)
79.7 (74.2–85.3)
58.3 (52.4–64.1)
61.6 (54.8–68.5)
64.9 (57.3–72.4)
64.0 (56.4–71.5)
60.2 (51.9–68.6)
65.1 (56.0–74.1)
81.7 (77.9–85.4)
81.3 (77.3–85.4)
81.5 (77.1–85.8)
Rating on scale of 0–100, mean (95% CI)
79.6 (76.9–82.4)
80.9 (78.0–83.9)
81.4 (78.2–84.6)
87.7 (84.9–90.5)
87.7 (84.7–90.7)
87.0 (83.9–90.1)
82.4 (79.5–85.3)
84.3 (81.1–87.6)
87.3 (84.0–90.6)
Mean (95% CI)
89.6 (87.5–91.7)
92.8 (90.5–95.1)
92.9 (90.4–95.3)

138

Baseline

Baseline
12
18

Control

Month

FSII-R, Functional Status II, Revised.
a Adjusted for multiple comparisons by using the false discovery rate, significant when ≤0.10.

Functional status
FSII-R

Specialist rating

Doctor rating

Global ratings
Health care quality rating

Getting needed information

Shared decision-making

Getting specialized services

Prescription medication

Composite measures
Getting needed care quickly

Chronic condition items
Help with coordinating multiple providers

Quality of Care

TABLE 3 Quality of Health Care and Functional Status by Study Group and Study Period: Difference-of-Differences Analysis

89.3 (87.3–91.2)
92.1 (89.9–94.4)
93.4 (90.9–95.8)

81.9 (79.4–84.4)
88.6 (85.7–91.4)
88.2 (85.0–91.3)
87.0 (84.5–89.6)
89.1 (86.2–92.0)
88.9 (85.8–91.9)
87.8 (85.2–90.4)
89.4 (86.3–92.4)
89.4 (86.1–92.7)

75.2 (71.2–79.1)
82.2 (77.6–86.8)
82.4 (77.4–87.4)
78.1 (73.8–82.5)
81.7 (76.7–86.6)
81.8 (76.4–87.3)
66.3 (61.0–71.6)
66.4 (60.2–72.6)
65.7 (58.6–72.6)
65.5 (58.5–72.4)
63.5 (55.4–71.6)
70.3 (61.3–79.2)
83.3 (79.9–86.7)
87.4 (83.5–91.3)
89.0 (84.7–93.3)

0.41 (0.30–0.53)
0.70 (0.56–0.81)
0.77 (0.62–0.87)

99

121

161

Intervention

.85
.69

.87
.19

.35
.27

.02
.06

.16
.09

.80
.62

.53
.20

.20
.35

.02
.07

.05
.004

P

.32
.28

.33
.16

.18
.17

.08
.13

.16
.14

.31
.26

.23
.16

.16
.18

.08
.13

.12
.04

q valuea

Difference in Change From
Baseline

10

Death over the study, n (%)

Baseline
12
18
Baseline
12
18
Baseline
12
18
Baseline
12
18
Baseline
12
18
Baseline
12
18

18a

12

Baseline

Month
176

0.28 (0.20–0.40)
0.20 (0.14–0.29)
0.19 (0.13–0.27)
0.57 (0.43–0.74)
0.38 (0.28–0.51)
0.28 (0.21–0.39)
1.21 (0.86–1.71)
0.49 (0.34–0.70)
0.33 (0.23–0.47)
1.93 (1.74–2.14)
1.67 (1.50–1.86)
1.45 (1.30–1.61)
0.14 (0.09–0.22)
0.02 (0.01–0.05)
0.02 (0.01–0.05)
0.08 (0.05–0.14)
0.04 (0.02–0.09)
0.04 (0.02–0.08)
1 (0.7%)

Estimated Usage, Mean (95% CI)
0.32 (0.24–0.43)
0.29 (0.21–0.40)
0.25 (0.18–0.34)
0.70 (0.56–0.88)
0.51 (0.40–0.65)
0.31 (0.23–0.41)
1.34 (0.98–1.81)
0.84 (0.61–1.14)
0.50 (0.37–0.69)
1.98 (1.80–2.18)
1.90 (1.72–2.09)
1.50 (1.36–1.65)
0.11 (0.07–0.17)
0.07 (0.04–0.11)
0.04 (0.02–0.08)
0.11 (0.07–0.17)
0.07 (0.04–0.12)
0.04 (0.02–0.08)
3 (1.7%)

176

181

150
150
149

Intervention

Control

.17
.23
.27
.23
.003
.009
.17
.33
.06
.15
.28
.31
.26

.67
.53
<.0001
.0006
.25
.89
.008
.11
.70
.79
.63

q valueb

.33
.51

P

Difference in Change From
Baseline

At 12 mo, the intervention group lost 5 children (2 moves and 3 deaths); at 18 mo, the control group lost 1 child (because of death).
b Adjusted for multiple comparisons by using the false discovery rate, significant when ≤0.10.
c Winsorized at the 99th percentile and analyzed by using Poisson regression.
d Winsorized at the 99th percentile and log-transformed before analysis. The marginal mean estimates and CIs were back-transformed by using the Duan smearing factor and are presented in the original units (d per admission).

a

ICU visits per child-yearc

LOS > 7 d per child-yeard

LOS, d per child-yeard

Hospital d per child-yearc

Inpatient admissions per child-yearc

ED visits per child-yearc

Outcome

TABLE 4 Hospital-Based Usage by Study Group and Study Period: Difference-of-Differences Analysis

more cost-effective approach for
CMC. The authors of future studies
of interventions for CMC and their
families should focus on refining (1)
the population of CMC who most
benefit from intervention(s), (2) the
intervention approach, (3) the intensity
and duration of intervention needed,
and (4) outcomes to include not only
utilization and cost but also similar
quality of care measures.
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