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IMPORTANCE Patient-centered medical homes have not been shown to reduce adverse
outcomes or costs in adults or children with chronic illness.

OBJECTIVE To assess whether an enhanced medical home providing comprehensive care
prevents serious illness (death, intensive care unit [ICU] admission, or hospital stay >7 days)
and/or reduces costs among children with chronic illness.

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial of high-risk children with
chronicillness (=3 emergency department visits, =2 hospitalizations, or =1 pediatric ICU
admissions during previous year, and >50% estimated risk for hospitalization) treated at a
high-risk clinic at the University of Texas, Houston, and randomized to comprehensive care
(n =105) or usual care (n = 96). Enroliment was between March 2011 and February 2013
(when predefined stopping rules for benefit were met) and outcome evaluations continued
through August 31, 2013.

INTERVENTIONS Comprehensive care included treatment from primary care clinicians and
specialists in the same clinic with multiple features to promote prompt effective care. Usual
care was provided locally in private offices or faculty-supervised clinics without modification.

MAIN OUTCOMES AND MEASURES Primary outcome: children with a serious illness (death, ICU
admission, or hospital stay >7 days), costs (health system perspective). Secondary outcomes:
individual serious illnesses, medical services, Medicaid payments, and medical school
revenues and costs.

RESULTS Inanintent-to-treat analysis, comprehensive care decreased both the rate of children
with a seriousillness (10 per 100 child-years vs 22 for usual care; rate ratio [RR], 0.45 [95% ClI,
0.28-0.73]), and total hospital and clinic costs ($16 523 vs $26 781 per child-year, respectively;
cost ratio, 0.58 [95% Cl, 0.38-0.88]). In analyses of net monetary benefit, the probability that
comprehensive care was cost neutral or cost saving was 97%. Comprehensive care reduced
(per 100 child-years) serious illnesses (16 vs 44 for usual care; RR, 0.33[95% Cl, 0.17-0.66]),
emergency department visits (90 vs 190; RR, 0.48 [95% Cl, 0.34-0.67]), hospitalizations
(69vs131; RR, 0.51[95% Cl, 0.33-0.77]), pediatric ICU admissions (9 vs 26; RR, 0.35[95% Cl,
0.18-0.70]), and number of days in a hospital (276 vs 635; RR, 0.36 [95% Cl, 0.19-0.67]).
Medicaid payments were reduced by $6243 (95% Cl, $1302-$11 678) per child-year. Medical
school losses (costs minus revenues) increased by $6018 (95% Cl, $5506-$6629) per child-year.

CONCLUSIONS AND RELEVANCE Among high-risk children with chronic illness, an enhanced
medical home that provided comprehensive care to promote prompt effective care vs usual
care reduced serious illnesses and costs. These findings from a single site of selected patients
with a limited number of clinicians require study in larger, broader populations before
conclusions about generalizability to other settings can be reached.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT02128776
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High-Risk Children With Chronic lliness

Ithough the patient-centered or family-centered medi-

cal home is widely recommended,* its value in im-

proving clinical outcomes or reducing health care costs
remains to be demonstrated.?># Medical homes are poten-
tially the most cost-effective for high-risk patients,® particu-
larly high-risk children with chronic illness whose care is of-
ten fragmented, costly, and ineffective’”"'° and who account
for only 0.4%" of all children but approximately 40% of total
pediatric hospital charges.'? However, with the inadequate cur-
rent payments for outpatient pediatric care” and the neces-
sity to restrain health care spending, the payments required
to develop and sustain such medical homes may not be forth-
coming unless they are shown to improve outcomes with mini-
mal or no increase in costs.

We conducted arandomized clinical trial to assess whether
an enhanced medical home providing comprehensive care for
high-risk children with chronic illness would reduce serious
illnesses, medical costs, or both, from a health system per-
spective. To promote benefits and cost savings that may not
be achievable in typical medical homes,'* comprehensive care
was provided by both primary care clinicians and specialists
in the same clinic and included multiple features to promote
prompt, effective care at all hours.

Methods

We included patients aged 18 years or younger with a chronic
illness'* who lived within a 1-hour commute of the University
of Texas, Houston (UTH) and had high health care use
(=3 emergency department [ED] visits, >2 hospitalizations, or
>1 pediatric intensive care unit [ICU] admissions during the
prior year) and a high estimated risk of hospitalization during
the coming year (>50% as judged by the clinic’s medical
director [R.A.M.] based on the patient’s diagnosis and clinical
course). Enrollment occurred between March 2011 and Febru-
ary 2013, with evaluation of outcomes continuing through
August 31, 2013.

We excluded those patients with complex problems who
received primary care by a specialist at all hours (eg, infants
in the neonatal follow-up program and children with serious
unrepaired congenital heart disease, a mitochondrial disor-
der, organ transplant, treatment with dialysis or central lines;
or those with a do-not-resuscitate order). Study candidates
were identified from review of faculty billings during the prior
year and prospective screening of hospital admissions. Race/
ethnicity was self-reported by parents in response to an open-
ended question and was assessed to evaluate whether the ben-
efits of comprehensive care relative to usual care were
increased for Hispanics and blacks.

The study was approved by the UTH institutional review
board as a randomized quality improvement study (eAppen-
dix 1in Supplement 1) that would increase access to care'> and
was expected to improve outcomes based partly on a prior trial
of comprehensive care.'® Verbal informed consent was
allowed.'”*° The trial protocol appears in Supplement 2.

Participants were stratified by maternal education (high
school graduate or not) and estimated risk (high or very high)
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for hospitalization and then randomized to comprehensive care
or usual care by opening sealed, opaque, sequentially num-
bered envelopes prepared using a variable block size by an in-
vestigator (J.E.T.) with no patient contact. If 2 siblings were
found to be eligible, both were assigned to the same group.

Usual Care

Acute care was provided by a large number of pediatricians in
private offices or in the UTH general pediatrics clinic staffed
by residents supervised by general pediatrics faculty. This care
was not modified by the study protocol. Same-day care was
not always available. Chronic problems were also treated at
UTH subspecialty clinics and at a twice-weekly clinic for chil-
dren with special health care needs staffed by a pediatrician,
social worker, and nutritionist who provided consultation and
referrals but not primary care. As in other centers, calls from
parents to the center at nights and on weekends were taken
by on-call faculty or faculty-supervised pediatric residents un-
likely to know the child well. Children were referred to the ED
without discussion with the ED staff and had no automatic fol-
low-up appointment.

Comprehensive Care

Comprehensive care was provided at the UTH High-Risk
Children’s Clinic as a medical home,?° augmented by mul-
tiple measures to prevent serious illness. This care was based
on an intervention assessed in a previous randomized trial,'®
and was shown to reduce life-threatening illness among high-
risk infants after discharge from a neonatal ICU. The clinic
was open 40 hours per week and staffed by the medical
director (a pediatric pulmonologist with broad interests in
children with chronic illness) and 2 pediatric nurse practi-
tioners who provided primary care. The medical director
committed 0.4 of time to attending the clinic, shared call
with the nurse practitioners, and provided continuous
backup. All parents had the cell phone number to directly
reach 1 of the primary care clinicians at all hours. A Spanish-
speaking clinician was always available, and each clinician
could access clinic records from home.

The clinic was also staffed by a nutritionist and social
worker. Children were scheduled as needed to see a dedi-
cated pediatric gastroenterologist, neurologist, or allergist/
immunologist, who each attended the clinic once monthly. A
pediatric infectious disease specialist helped develop mea-
sures to reduce, promptly diagnose, and effectively treat in-
fections (eAppendix 2 in Supplement 1). These subspecialists
were promptly available by telephone for consultation at all
hours.

Patients with acute illness presenting before 5:00 PM on a
weekday were seen the same day. Families who called at
night or on weekends were generally managed over the tele-
phone with a clinic appointment when needed. Although
some families with obvious emergencies went to the ED
without first calling, only 3% of telephone calls resulted in a
referral to the ED. When ED visits or hospitalizations were
needed, the clinicians discussed the child’s problems and
treatment with the responsible physicians. A timely
follow-up visit was arranged before discharge from the ED or
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hospital. Brief parent satisfaction questionnaires were rou-
tinely completed after each clinic visit. We also obtained
active input from the clinic-specific parent advisory board.
To identify methods to enhance care, the nurse practitioners
and medical director met weekly to discuss any parent com-
plaints and scrutinize the care provided before all ED visits
and hospitalizations.

Process Measures

The staff recorded all clinic visits and telephone calls for all
patients given comprehensive care and asked the parents at
each visit about any other services received. Every 3 months,
patients receiving usual care were called to identify any ED
visits, hospital admissions, and outpatient visits and were
compensated with a $10 gift card for each query. Efforts to
identify all outpatient visits for usual care patients were
abandoned because we found that outpatient visits were not
reliably identified by parental queries at 3-month intervals.
However, Medicaid billings were used to compare outpatient
services for patients in the 2 treatment groups who were
insured at enrollment by Medicaid only. Parental ratings of
outpatient care were obtained by research personnel unin-
volved in the care. These personnel administered the Con-
sumer Assessment of Healthcare Providers and Systems
Child 12-Month Survey?'# in Spanish or English to each
mother 12 months after enrollment (6-12 months after enroll-
ment for patients enrolled during the last study year). We
preselected 5 questions as being the most important toward
optimizing patient outcomes.

Outcome Measures

The primary outcome was to assess whether an enhanced
medical home providing comprehensive care reduces the num-
ber of children with serious illness (death, ICU admission, or
hospital stay >7 days between enrollment and the trial’s
completion, which was 6 months after the last child was en-
rolled), reduces costs among such children, or both. As speci-
fied prior to starting the trial, the value of the program was con-
sidered to be established if the total number of children with
aseriousillness was reduced without increasing total clinicand
hospital costs, these costs were reduced without increasing the
total number of children with a serious illness, or both were
reduced. The number needed to treat to prevent 1 child with
serious illness was calculated by the inverse of the risk differ-
ence between treatment groups.

Secondary outcomes included individual components of
serious illness, clinic and hospital costs, and total number of
serious illnesses, ED visits, hospitalizations, ICU admissions,
hospital days, and days in the ICU. To identify ED visits and
hospitalizations, we reviewed the ED and hospital logs each
weekday for Memorial Hermann Children’s Hospital, a pri-
vate institution that serves as the UTH primary teaching hos-
pital. In addition, we assessed claims data from the 12 Memo-
rial Hermann Health System hospitals and obtained billing
records for all Medicaid patients from personnel at Texas Health
and Human Services who were blinded to treatment group. Any
discrepancies between these data and the data collected from
parental queries were identified and resolved.
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Economic Evaluations

A health care economist (E.B.C.A.) assessed total hospital and
clinic costs from a health care system perspective. Hospital
costs (including costs for patients admitted with an observa-
tional status) were estimated by multiplying charges by de-
partment-specific cost-to-charge ratios specified in the hos-
pital’s annual Medicare cost report. Clinic costs for
comprehensive care were estimated using total expenditures
to include costs for start-up, longer patient visits, extra ser-
vices, and low patient-to-staff ratios not addressed by rela-
tive value units (eAppendix 3 in Supplement 1). We did not have
access to pharmacy costs and did not attempt to compare costs
for some services (eg, speech therapy and home services) that
were largely not under our control and for which Medicaid cov-
erage was rapidly changing and varied greatly between differ-
ent health care payers.

Clinic costs for usual care were estimated as commonly
done using relative value units.?>2° Because some services are
not captured using relative value units and because clinic vis-
its were less fully identified with usual care than comprehen-
sive care, the analyses provide a conservative estimate of the
reduction in costs with comprehensive care. Costs were in-
flated to 2014 US dollars based on the consumer price index
for medical services.?” Cost differences between treatment
groups were assessed using generalized linear models with
log-link and y distribution, adjusting for maternal education
(receipt of high school diploma [yes or no]), estimated baseline
hospitalization risk (high or very high), length of follow-up, and
within-family correlation.

We also assessed the joint influence of comprehensive care
on both cost and effectiveness using the net monetary ben-
efit approach.?® Using this approach, the treatment benefits
are expressed in monetary terms based on the willingness to
pay per unit of benefit. Even though the minimum willing-
ness to pay to prevent 1 child from developing a serious ill-
ness is unknown, we assumed that the true value would cer-
tainly be greater than 0. Bootstrap regression analyses based
on generalized linear models were used in assessing incre-
mental net monetary benefit and the probability that compre-
hensive care reduced the number of children with serious ill-
nesses, costs, or both.

We performed secondary analyses from the medical school
perspective evaluating the effect of comprehensive care rela-
tive to usual care on the difference between expenses and total
payments for clinic and hospital care (eAppendix 4 and eTable
1in Supplement 1). Neither research costs nor grant support
were included for the purpose of developing sustainable pay-
ment models. In addition, we assessed the effect of compre-
hensive care on Medicaid payments for hospital and clinic ser-
vices for these high-risk children (eAppendix 5 and eTable 2
in Supplement 1).

Statistical Analyses and Stopping Rules

Intent-to-treat analyses were performed using Poisson regres-
sion models (for the proportion of children with an outcome)
with robust standard errors? or negative binomial regression
models (for total number of secondary outcomes) to estimate
rate ratios (RRs). Models were adjusted for maternal educa-
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Figure. Treatment Assignment for High-Risk Children With Chronic lliness

7703 Patients assessed for eligibility

7502 Excluded

7099 Known to be ineligible
240 Unable to contact
163 Active or passive refusal
of consent

201 Randomized

105 Randomized to receive
comprehensive care
100 Received intervention as
randomized

96 Randomized to receive usual care
96 Received usual care as randomized
0 Did not receive usual care
as randomized

5 Did not receive intervention as
randomized
2 Never came to comprehensive
care clinic
3 Came to comprehensive care
clinic only once

!

For the 7099 patients known to be
ineligible for the study, the specific

0 Lost to follow-up
8 Discontinued or interrupted intervention

2 Moved out of state of state)

0 Lost to follow-up
2 Discontinued usual care (moved out

reason for ineligibility for each patient
was not recorded. For the most part
(an estimated 95%), the patients
were either found not to have a

3 Moved out and came back to Houston,
Texas, within 1 year
3 Withdrew from comprehensive care

v

chronicillness or they had a chronic
iliness but did not meet the criteria
for highrrisk (ie, =3 emergency

105 Included in primary analysis

96 Included in primary analysis

department visits, =2
hospitalizations, or =1 pediatric

intensive care unit admission).

tion, length of follow-up, estimated baseline risk, and within-
family correlation. All reported RRs were adjusted for these 4
variables. Interactions of treatment group with education, es-
timated hospitalization risk, and race/ethnicity were as-
sessed for serious illness and total costs. A secondary analy-
sis of serious illness included additional baseline variables of
patient age, sex, race/ethnicity, prematurity (yes or no), and
Medicaid insurance (yes or no).

A 2-sided P < .05 was considered statistically significant.
Separate Bayesian analyses were performed to estimate the
probability of reduced serious illnesses and the probability of
reduced costs from comprehensive care. We used a neutral
prior probability (risk ratio = 1.0 [95% credible interval, 0.5-
2.0], which encompasses the largest likely effect size for ma-
jor outcomes observed in randomized trials).

We planned to enroll 400 patients to identify a one-third
reduction in total patients who developed serious illness (er-
ror of a = .05; power level of 80%; and projected serious ill-
ness rate of 38% with usual care based on the first year of the
trial). Under predefined stopping rules, enrollment would cease
whenever Bayesian analyses performed annually from the end
of the second year identified a 95% or greater probability that
comprehensive care resulted in any of the following: reduced
number of children with serious illness without an increase in
costs, reduced costs without an increase in number of chil-
dren with serious illness, or reduction in both. University or
grant support would then be used to temporarily continue the
program while pursuing a sustainable payment mechanism
through Texas Health and Human Services.
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All analyses were performed using Stata software version
11.2 (StataCorp) and R software version 3.1.1 (R Foundation for
Statistical Computing).

. |
Results

In accordance with the predefined stopping rules, enroll-
ment was stopped at the end of year 2 by the principal inves-
tigator (J.E.T.) when the statistician (C.P.) reported that Bayes-
ian analyses identified a 99% probability of reduced serious
illness and 98% probability of decreased total clinic and hos-
pital costs with comprehensive care. All patients were fol-
lowed up for an additional 6 months until August 31, 2013, to
assess treatment effects. A total of 183 child-years of compre-
hensive care and 172 child-years of usual care were provided.
The median length of follow-up per child was 1.83 years (in-
terquartile range, 1.41-2.29 years) for comprehensive care and
1.95 years (interquartile range, 1.43-2.31 years) for usual care.
We identified 364 eligible children; 163 (45%) did not con-
sent to participate. Of the 201 children enrolled, 105 were ran-
domized to comprehensive care and 96 to usual care (Figure).
The groups were at similarly high baselinerisk (Table 1), and 91%
to 92% of patients in each group were insured by Medicaid.
Of the children randomized to usual care, 42% received
their primary care from a private pediatrician and 58% from
faculty-supervised residents; 27% also received care in the
twice-weekly clinic for children with special health care needs.
Of the children randomized to comprehensive care, 98% ini-
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Table 1. Baseline Characteristics by Treatment Group

Table 1. Baseline Characteristics by Treatment Group (continued)

Type of Care, No. (%)

Type of Care, No. (%)

Comprehensive Usual Comprehensive Usual
(n=105) (n =96) (n =105) (n =96)
Age ranges Gastrointestinal disorders 36 (34) 26 (27)
0-12 mo 22 (21) 20 (21) Dysphagia/swallowing disorders 33 (31) 24 (25)
13 mo-2y 29 (28) 27 (28) Other gastrointestinal disorders 303) 2(2)
3-5y 22 (21) 22 (23) Colostomy 1(1) 1(1)
6-11y 26 (25) 18 (19) Disorders of other organs 26 (25) 22 (23)
12-18y 6 (6) 9 (9) Cardiac’ 5(5) 2(2)
Male sex 65 (62) 56 (58) Musculoskeletal® 8 (8) 2
Race/ethnicity Immunological” 4 (4) 303)
Black 45 (43) 33 (34) Ear, nose, and throat’ 15 (14) 16 (17)
White 10 (10) 11 (11) Treatments
Hispanic 50 (48) 52 (54) Mechanical ventilation 12 (11) 10 (10)
No. of unique families® 96 95 Gastrostomy tube 33 (31) 24 (25)
Medicaid insurance 97 (92) 87 (91) aWith the exception of 1family in comprehensive care that had 3 siblings
Risk stratum by maternal receipt of high enrolled, all other families with more than 1 child enrolled had 2 siblings.
scho.ol t:lploma b Estimated baseline risk of hospitalization during next year was based on the
High clinical judgment of the medical director.
Yes 67 (64) 63 (66) € CHARGE syndrome (coloboma, heart defect, atresia choanal, retarded growth
No 25 (24) 20 (21) and development, genital hypoplasia, ear anomalies or deafness), VACTERL
Very high® association (vertebral anomalies, anal atresia, cardiac defects,
Y tracheoesophageal fistula and/or esophageal atresia, renal and radial
Yes 11 (10) 12 (12) anomalies, and limb defects), DiGeorge syndrome, acampomelic campomelic
No 2(2) 1(1) syndrome, Pierre Robin syndrome, Cornelia de Lange syndrome, or
Congenital disorders 38 (36) 31 (32) B} Prader-Willi syndrome. . o ' '
Trisomy 21 5(5) 44 Bronchopulmonary dysplasua, cystic fibrosis, con_genl_tal Iu.ng disease, or
chronic respiratory failure secondary to neurological impairment.
Cystic fibrosis 44 44 © Spinal muscular atrophy, progressive ataxia, or Gaucher disease.
Spina bifida 7 303 f After repair, tetralogy of Fallot, ventricular septal defect, or atrial septal defect.
Other congenital® 6 (6) 7(7) & Achondroplasia, significant limb deformity, arthrogryposis, clubfoot, severe
Prematurity 41 (39) 42 (44) scoliosis, or acampomelic compomelic dysplasia.
Respiratory disorders 85 (81) 75 (78) h Anaphylaxis, immunodeficiency related to CHARGE syndrome, or severe
Asthma 43 (41) 31(32) ~eczema.
Other chronic lung disorders? 46 (44) 49 (51) Tracheostomy or cleft palate.
Neurological disorders 40 (38) 36 (38)
Seizure disorder 19 (18) 22 (23)
Severelneurologicallimpairment 25 (24) 13 (14) totreat = 4.5) while also decreasing the total hospital and clinic
Otherneurologicalldisorderse 7() 6 (6) costs ($16 523 vs $26 781 per child-year, respectively) (cost ra-
VT s 10 (10) 10 (10) tio, 0.58 [95% CI, 0.38-0.88]; Table 3 and Table 4). Using a con-

(continued)

tially attended our high-risk children’s clinic; 88% attended the
clinic throughout the trial (5% moved away from Houston,
Texas). Comprehensive care patients had a mean of 12.9 tele-
phone calls and 12.3 clinic visits per child-year. Medicaid pa-
tients (for whom total office visits could be tabulated in both
groups) had a mean of 3.2 (95% CI, 0.9-5.4) more clinic visits
per child-year with comprehensive care (12.1 visits) vs usual
care (9.4 visits) (P = .007). Comprehensive care also was as-
sociated with systematically higher maternal ratings of care
(Table 2).

Outcomes

Comprehensive care reduced the number and rate of chil-
dren with a serious illness (10 per 100 child-years vs 22 treated
with usual care) (RR, 0.45[95% CI, 0.28-0.73]; number needed

JAMA December 24/31,2014 Volume 312, Number 24

servative willingness-to-pay threshold of $0, the incremental
net monetary benefit of comprehensive care relative to usual
care was $10 734 (95% CI, $2069-$27 694) to prevent 1 child
from developing a serious illness (Table 4). The probability that
comprehensive care was cost neutral or cost saving at this
threshold was 97%.

Comprehensive care did not significantly reduce deaths
(2 vs 3 treated with usual care per 100 child-years; P = .40) but
did substantially reduce the number and rate of children who
had 1 or 2 components of serious illness (Table 3). Rates were
also reduced with comprehensive care vs usual care for total
seriousillnesses (16 vs 44 per 100 child-years, respectively) (RR,
0.33; 95% CI, 0.17-0.66), ED visits (90 vs 190 per 100 child-
years) (RR, 0.48; 95% CI, 0.34-0.67), hospitalizations (69 vs 131
per 100 child-years) (RR, 0.51; 95% CI, 0.33-0.77), number of
days in the hospital (276 vs 635 per 100 child-years) (RR, 0.36;
95% CI, 0.19-0.67), ICU admissions (9 vs 26 per 100 child-
years) (RR, 0.35; 95% CI, 0.18-0.70), and days in the ICU (28 vs
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Table 2. Clinic Visits and Parental Ratings of Care by Treatment Group

No./Total (%)®
Process Measures Comprehensive Care Usual Care Difference (95% Cl), %° P Value
Clinic visits among patients with only Medicaid insurance at 12.1 (9.0)° 9.4 (7.4)¢ 3.2 (0.9-5.4)4 .007¢¢
enrollment, mean (SD) per child-year
Maternal responses to survey
Child always got appointment for care as soon as needed?® 63/67 (94) 23/47 (49) 45 (30-60) <.001
Clinician always listened carefully 82/84 (98) 61/83 (73) 24 (14-34) <.001
Clinician always knew important information about child’s 77/82 (94) 57/83 (69) 25 (14-36) <.001
medical history
Clinician always spent enough time with child 78/84 (93) 56/83 (67) 25 (14-37) <.001
Clinician rating of 9 or 10" 78/84 (93) 49/83 (59) 34 (22-46) <.001

2 Unless otherwise indicated.
®There were 90 patients and 158 child-years.
€ There were 79 patients and 144 child-years.

d Adjusted for maternal education, risk stratum, length of follow-up, and
within-family correlation.

€ Obtained from a negative binomial regression model adjusting for maternal
education, estimated hospitalization risk, length of follow-up, and
within-family correlation.

f The Consumer Assessment of Healthcare Providers and Systems Child
12-Month Survey?'2* was administered to each mother 12 months after
enrollment (6-12 months after enrollment for patients enrolled during the last
study year). There were a total of 96 possible survey respondents in the
comprehensive care group and 95 in the usual care group. The P values were
obtained from the 2-sample z test for proportions.

8This question only applied if parents sought an appointment for their children.
" On a scale of O to 10 with 10 representing the best clinician possible.

Table 3. Outcome Measures by Treatment Group

Comprehensive Care (n = 105)?

Usual Care (n = 96)°

Rate/100 Rate/100 Rate Ratio

Outcome Measure No. Child-Years (95% Cl) No. Child-Years (95% Cl) (95% Cl)© P Value
Children with a serious illness® 18 10 (6-16) 38 22 (16-30) 0.45 (0.28-0.73) .001¢
Deaths 3 2 (0-5) 5 3(1-7) 0.52 (0.12-2.19) 37¢
Children with a pediatric ICU admission 14 8 (4-13) 26 15 (10-22) 0.52 (0.29-0.93) .03¢
Children with a hospital stay >7 d 13 7 (4-12) 28 16 (11-23) 0.44 (0.26-0.77) .004¢
Children who died or received care at 15 8 (5-13) 28 16 (11-23) 0.53 (0.31-0.92) .03¢
pediatric ICU

Serious illnesses 29 16 (11-23) 76 44 (35-55) 0.33 (0.17-0.66) .001f
Emergency department visits 165 90 (77-105) 328 190 (170-212) 0.48 (0.34-0.67) <.001f
Hospitalizations 127 69 (58-82) 226 131 (115-149) 0.51(0.33-0.77) .001f
Days in a hospital 506 276 (252-301) 1094 635 (598-673) 0.36 (0.19-0.67) .001f
Pediatric ICU admissions 17 9 (5-15) 44 26 (19-34) 0.35 (0.18-0.70) .003f
Days in a pediatric ICU 52 28 (21-37) 178 103 (89-120) 0.31(0.11-0.87) .03f

Abbreviation: ICU, intensive care unit.

2 There were 183.5 child-years.

®There were 172.4 child-years.

¢ Adjusted for maternal education, risk stratum, length of follow-up, and
within-family correlation.

dSerious illness was the primary outcome and included death, pediatric ICU
admission, or hospitalization for longer than 7 days (composite outcome).

€ Obtained from Poisson regression models adjusting for maternal education,
estimated hospitalization risk, length of follow-up, and within-family
correlation.

f Obtained from negative binomial regression models adjusting for maternal
education, estimated hospitalization risk, length of follow-up, and
within-family correlation.

103 per 100 child-years) (RR, 0.31; 95% CI, 0.11-0.87). The prob-
ability that comprehensive care improved each outcome ex-
cept death ranged from 94% to 99%.

Secondary analysis of the proportion of children with a se-
rious illness adjusting for additional baseline variables gave
similar results (RR, 0.43; 95% CI, 0.27-0.69). In subgroup analy-
ses comparing the rate of children with a serious illness, the
RR for those with a high estimated baseline risk of hospital-
ization (RR, 0.33; 95% CI, 0.17-0.64) was lower than in the very-
high-risk stratum (RR, 0.84; 95% CI, 0.44-1.61) (P = .049 for in-
teraction). However, the number needed to treat to prevent 1
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child from having a serious illness was low (4.4-6.5) in both
strata. No other interactions were significant for serious ill-
ness or costs.

Secondary Economic Analyses

The total estimated costs per child-year were considerably
lower with comprehensive care than with usual care due to a
large reduction in hospital costs ($9810 vs $25 059, respec-
tively) (cost ratio, 0.35; 95% CI, 0.21-0.58) that exceeded the
increase in clinic costs ($6713 vs $1722) (cost ratio, 3.96 [95%
CI, 3.12-5.01]; Table 4). Total Medicaid payments were sub-
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Table 4. Estimated Costs per Child-Year

Costs per Child-Year, Mean (95% Cl), $*

Cost Ratio
Comprehensive Care® Usual Care® (95% CI)¢ P Value®

During trial

Clinic 6713 (5616-8021) 1722 (1429-2075) 3.96 (3.12-5.01) <.001

Hospital 9810 (7056-13 632) 25059 (17 768-35 379) 0.35(0.21-0.58) <.001

Total 16 523 (12 526-21 789) 26 781 (20 061-35 787) 0.58 (0.38-0.88) .01
During start-up period®

Clinic 12 158 (9903-14 965) 2336 (1901-2865) 5.98 (4.82-7.42) <.001

Hospital 11 413 (9195-23 257) 27 552 (21 324-52 296) 0.45 (0.26-0.78) .005

Total 23 571 (16 066-34 639) 29 888 (20 390-43 730) 0.89 (0.57-1.38) .59
After first year of enrollment

Clinic 5124 (4101-6415) 1513 (1198-1913) 3.37 (2.42-4.69) <.001

Hospital 9343 (6313-13 868) 24213 (16 061-36 576) 0.34 (0.18-0.63) .001

Total 14 467 (10 356-20 265) 25726 (18 128-36 265) 0.54 (0.33-0.89) .02

2 The estimated costs per child-year were inflated to 2014 US dollars.?’” The
incremental net monetary benefit was $10 734 ($2069-$27 694)° using a
threshold willingness to pay of $0 US to prevent 1 child from developing a
serious illness for comprehensive care vs usual care (P = .03). The results of
the bootstrap regression analyses (using 1000 bootstrap replicates) were
similar when we fitted a normal distribution or a y distribution with a log link.

b There were 183.5 child-years.
€ There were 172.4 child-years.

9 Adjusted for maternal education, risk stratum, length of follow-up, and
within-family correlation.

© Obtained from the generalized linear models with log-link and y distribution
adjusting for maternal education, estimated hospitalization risk, length of
follow-up, and within-family correlation.

f Through first year of enrollment.

stantially less than the estimated health system costs both for
comprehensive care ($9287 vs $16 523) and usual care ($15 529
vs $26 781). From a medical school perspective, comprehen-
sive care resulted in a deficit (excess of costs over revenues)
of $6018 (95% CI, $5506-$6629) per child-year ($4419 [95% CI,
$4247-$4771] per child-year excluding start-up costs through
the first year), a deficit of $4759 (95% CI, $3057-$6031) greater
than with usual care (eAppendix 4 in Supplement 1). Medic-
aid payments were $6243 (95% CI, $1302-$11 678) lower per
child-year with comprehensive care than usual care (eAppen-
dix 5 in Supplement 1).

|
Discussion

In this randomized clinical trial, the triple aim of improved care,
improved health, and lower costs was achieved in an en-
hanced medical home providing comprehensive care to high-
risk children with chronic illness compared with usual care.
Access to care and parent satisfaction were substantially in-
creased, the number of high-risk children with a serious ill-
ness was decreased by 55%, and total clinic and hospital costs
(assessed from a health system perspective) were reduced by
$10 258 per child-year. Partly because we did not include sav-
ings to parents and because costs could be more completely
assessed for comprehensive care than usual care, this analy-
sis provides a conservative estimate of the total savings.

The failure to demonstrate improved outcomes or re-
duced costs in prior studies*3°3° recently prompted Schwenk®
to reject the patient-centered medical home as a generic ap-
proach to health care delivery and to recommend evaluation
of strategies to maximize their value for high-risk popula-
tions. The benefits and cost savings we identified with com-
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prehensive care seem likely to be achievable only in high-risk
populations treated in major academic centers with the sub-
specialists, resources, and clinician commitment to provide
such care.

The limitations of the trial include an inability to obtain
pharmacy costs. However, with the intervention’s effort to
avoid overuse and misuse of medications in providing
evidence-based care, pharmacy costs may have been compa-
rable or lower with comprehensive care than usual care. The
most important limitation is the uncertain generalizability to
other centers and clinicians. Our trial involved a single cen-
ter, relatively few clinicians, and a patient population and
methods of care that may differ from other centers. The con-
sent rate for eligible children (55%) was reasonable for a
challenging pediatric trial; however, parents who were rela-
tively unhappy with their child’s prior care may have been
more inclined to consent, a factor likely to contribute to the
large benefits and favorable parental ratings of comprehen-
sive care.3® Nevertheless, the findings are similar to those in
a prior trial of comprehensive care at a different center in
which 887 high-risk infants were randomized to comprehen-
sive or usual care from the same clinicians after discharge
from a neonatal ICU.'® The RR for the outcome of life-
threatening illness (death or pediatric ICU admission) was
virtually identical in both trials (0.52-0.53). The higher abso-
lute cost savings in our trial reflects both a higher-risk popu-
lation and inflation.

Together, these 2 trials provide the strongest evidence sup-
porting medical homes in any age group.3*° We believe these
results reflect a combination of factors: (1) a high-risk popu-
lation with high health care costs3°; (2) experienced clini-
cians knowledgeable about each patient and available at all
hours; (3) expert subspecialty care available at the same or at
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anearby clinic in the same facility; (4) the high priority given
tominimizing unnecessary ED visits and hospitalizations and
the intensive review of the care provided before every ED visit
and hospitalization; (5) the identification each weekday of all
children having ED visits and hospitalizations to ensure prompt
follow-up and coordination of care’; and (6) a relatively low
patient-to-staff ratio with patient-to-nurse practitioner ratio
no greater than 50 in our trial and 75 in the prior trial (involv-
ing somewhat lower-risk patients) to allow for longer clinic vis-
its, more telephone calls and e-mails, extensive quality im-
provement measures, and frequent nights and weekends on
call. Whether similar benefits and cost savings can be achieved
with higher patient-to-staff ratios remains to be demon-
strated.

Analyses from a medical school perspective indicated that
comprehensive care was associated with a deficit of $6018 of
costs over revenues per child-year ($4419 per child-year ex-
cluding start-up costs through the first year). Financial ef-
fects would differ in different centers. However, limited pay-
ments reduce access to care in many locales, particularly for
children with chronicillness® in largely Medicaid populations.3®

Original Investigation Research

Inadequate payments appear to be the primary reason that few
neonatal follow-up clinics provide comprehensive care to high-
riskinfants. Likewise medical schools or other institutions that
have the expertise to provide comprehensive care to high-
risk children with chronicillness are unlikely to implement pro-
grams that each year result in losses of thousands of dollars
per child enrolled. In Texas, comprehensive care could be sus-
tained without increasing Medicaid expenditures by provid-
ing the savings ($6243 per child year) as capitation, shared sav-
ings, or other support to the medical school.

. |
Conclusions

Among high-risk children with chronic illness, an enhanced
medical home that provided comprehensive care to promote
prompt effective care vs usual care reduced serious illnesses
and costs. These findings from a single site of selected pa-
tients with a limited number of clinicians require study in
larger, broader populations before conclusions about gener-
alizability to other settings can be reached.
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