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Effects of Providing Comprehensive Ambulatory
Services to Children With Chronic Conditions
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Objective: To document the effects of a comprehen-
sive program of care on the resource utilization and cost
of care for children with chronic conditions.

Design: Descriptive study of 10715 admissions be-
tween 1984 and 1995 with analyses of costs based on
charges. Comparisons were made with data from a na-
tional consortium of academic medical centers and from
a national survey of hospitals. A 2-week survey of staff
was conducted to identify their use of time in the care of
these patients.

Patients: Children aged birth through 18 years meet-
ing International Classification of Diseases, Ninth Revi-
sion, Clinical Modification criteria for chronic condi-
tions. Patients with acute conditions were used as
controls.

Intervention: A program of expanded care funded since
1989 by a regional insurance company.

Results: Between 1984 and 1995, mean length of stay
for children with chronic conditions decreased from 83.9

to 10.6 days; mean annual admissions decreased from
2796 to 1622. Median hospital inpatient charges, ad-
justed for cost of living, decreased from $26.1 to $14.6
million. A $77.7 million savings occurred for inpatient
care, with total expenditures from the insurance pro-
gram of $3.6 million (a 21:1 ratio). Almost half the pro-
fessional activities provided for these children were for
services that could not be reimbursed in a fee-for-
service model. Median adjusted inpatient charges were
lower in Rochester, NY ($8746) than in other academic
medical centers ($12 773) or in a national survey of hos-
pitals ($12462), and fewer children were readmitted
within 30 days in Rochester (12.7%) than in other aca-
demic medical centers (15.0%).

Conclusions: An investment of funds by a regional
insurance company was associated with reduced costs,
admissions, and lengths of stay for children with
chronic conditions, and resulted in significant savings
for the company. This model may be applicable to
other centers.
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of them.

Editor’s Note: There are many good reasons to keep children
(and everyone else) out of the hospital—saving money is only one

Catherine D. DeAngelis, MD

quired to optimize their health and func-
tioning is expensive and difficult to coor-
dinate.’ In the past, the intricate and
sophisticated care required by these chil-
dren typically was provided in the inpa-
tient setting by trained specialists. Be-

cause children function better at home

From the Children’s Hospital at
Strong, University of Rochester
Medical Center, Rochester, NY.

ATA FROM the 1988 Na-
tional Health Interview
Survey' indicate that 30%
of children younger than
18 years have at least 1
chronic health condition. One third of
these children (10% of the childhood
population) have a significant chronic con-
dition such as congenital heart disease, ce-
rebral palsy, or leukemia, with an addi-
tional 2% having a severe developmental
disability. These children have annual
health care costs that are more than 5 times
that of healthy children.? The care re-

than in the hospital,* some child health sys-
tems have begun to provide their care in
the ambulatory setting.

Comprehensive ambulatory care for
persons with special health needs, includ-
ing developmental disabilities, can im-
prove outcomes by reducing secondary
complications and thereby reduce costs.”**
But managed care options for the financ-
ing of health care, which are designed to
improve care by enhancing primary care
and service coordination, may threaten the
quality of care provided to children with
chronic conditions because some plans
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SUBJECTS, MATERIALS,
AND METHODS

SETTING

The Children’s Hospital at Strong, located in Rochester (met-
ropolitan statistical area population of 1.1 million), pro-
vides tertiary and quaternary level pediatric services in cen-
tral western New York State. Fifteen of the 17 pediatric
subspecialties at CHAS provide care for children and ado-
lescents with chronic disabilities and the hospital serves as
a regional referral site. More than 6000 children are seen
each year for management of a wide range of chronic con-
ditions including chronic lung disease, malignant neo-
plasms, pediatric acquired immunodeficiency syndrome,
congenital heart disease, neuromuscular diseases, arthri-
tis, genetic diseases, renal disease, liver disease, and neu-
rodevelopmental disorders. In 1980, Strong Memorial Hos-
pital, the hospital of the University of Rochester Medical
Center, had switched from fee-to-service to reimburse-
ment based on diagnosis related groups (DRGs).

INTERVENTION

In 1985, CHAS began hiring additional personnel, includ-
ing nurses, social workers, psychologists, nutritionists,
physical therapists, occupational therapists, special edu-
cators, play therapists, and speech and language patholo-
gists, to expand ambulatory care coordination (case man-
agement) and “wraparound” services to children with
chronic conditions. Personnel were located within each sub-
specialty program and were part of the teams that pro-
vided care for the children.

Although the intervention had begun in 1985 with-
out outside funding, in 1989 a formal agreement was reached
with a regional insurance carrier to provide direct funds
for those professionals for whom direct billing was not re-
imbursable, such as social workers and nurses. The an-
nual revenues from this grant, adjusted to the 1990 con-
sumer price index for medical care, averaged $450 000. In
turn, CHAS allocated these funds to the subspecialty divi-
sions serving children with chronic conditions to pay for
the additional support personnel (approximately 11 full-
time equivalents). Each division used the funds in a dis-
cretionary way to pay for services necessary for its own ac-
tivities. All patients with chronic conditions, regardless of
insurance status, had access to these additional personnel
and services.

DATA

Data on hospital admissions and outpatient visits were ob-
tained for all children 18 years and younger who were

admitted to CHAS between January 1, 1984, and June 30,
1996. Children’s diagnoses were classified according to the
International Classification of Diseases, Ninth Revision, Clini-
cal Modification (ICD-9-CM)'* codes for 25 selected catego-
ries of chronic conditions such as cardiac, pulmonary, and
endocrine; these are listed in Table 1. These categories were
based on the subspecialty structure of the CHAS at the time
of the study. Admissions for 3 acute conditions—
appendicitis, bronchiolitis, and fractures—f{rom 1984 to 1996
and admissions for acute “discretionary” conditions" such
as diarrhea and dehydration, fever in an infant, and lower
respiratory infections (primarily bronchiolitis) from 1991 to
1996 were used as controls. If a child ever had a primary di-
agnosis from the list (eg, cystic fibrosis) during the 12-year
period, all admissions for that child were recorded even if
the primary diagnoses for subsequent or previous admis-
sions were different (eg, pneumonia).

Data on admissions, lengths of stays, charges, and
readmissions from Rochester were obtained from the
Clinical-Administrative Data Service of the Association of
American Medical Colleges, Washington, DC, and com-
pared with data from a consortium of 18 US academic
tertiary medical centers,'® including the University of
Rochester Medical Center. Data from these centers are
available only since 1989. Unique identifiers such as unit
number were not available. Therefore, data on individual
patients were not obtainable.

Frequency and charges associated with CHAS pedi-
atric ambulatory services and procedures for the 25 chronic
illnesses and the 3 acute conditions between 1993 and 1995
(the only years for which such comprehensive data were
available) were ascertained. Charges were used as an esti-
mate for cost for several reasons. First, estimates of cost
were available only in Rochester. Second, although charges
clearly are different from costs,'”'® no uniformly accepted
method of estimating costs is available." Data were not avail-
able on home care services provided during the study
period.

Lengths of stay and charges from 1993 were com-
pared with the Nationwide Inpatient Sample of 1993.%° The
hospitals in this sample represent all hospitals in the United
States and are not limited to tertiary centers. Charges were
adjusted for the consumer price index for medical goods
with 1990 used as the base year.*!

Costs and effort associated with personnel involved
in the coordination of care were projected from a survey
conducted for 14 days during 1995 (7 days in March and
7 days in April). In this survey we used self-reported work
sampling, a standard method to track productivity that is
frequently used in studies of health care providers.?*** Phy-
sicians, nurses, therapists, social workers, and other health-
related workers were asked to record the nature of their
activities during 15-minute intervals for both direct and in-
direct patient care on formatted survey instruments.

may try to save resources by limiting access to services
(such as equipment), subspecialists, or procedures. If the
managed care of children is to succeed, new models of
care must be found that both reduce costs and maintain
quality.}>1?

In 1985, the Children’s Hospital at Strong (CHAS)
of the University of Rochester Medical Center, Roches-
ter, NY, established a program to expand ancillary ser-

vices for children with chronic conditions. In 1989, a capi-
tation agreement was made with a regional insurance
company in the Rochester area to support the annual costs
of this program. The premise of the agreement was that
major savings in charges from diminished inpatient ser-
vices would be realized. The purpose of this study was
to evaluate the effects of the ambulatory care coordina-
tion program on health care utilization and costs. The
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and Acute Conditions*

Table 1. /CD-9-CM Codes for Selected Chronic

Category

ICD-9-CM Codes

Asthma
Bronchopulmonary dysplasia
Cardiac

Leukemia/childhood cancers
Epilepsy
Other CNS dysfunction

Thalassemia

Other hemoglobinopathies

Agranulocytosis

Sickle cell anemia

Rheumatologic and
musculoskeletal disorders

Other complications of care

493.00-493.91
770.7

745.00-747.49; 425.00-425.70;

425.90; 759.30
140.0-208.91, V58.0-V58.1
345.00-345.91
330.0-330.9; 331.0-331.2;

331.8-344.9
282.4
282.7
288.0
282.5; 282.60-282.69

711.00-716.99; 732.00-732.99;

733.40-733.49
996.00-996.1; 996.30-999.9

Spina bifida 741.00-741.99; 742.0
Cystic fibrosis 277.00-277.01
Congenital nervous system 742.1-742.9; 331.3; 331.4
anomalies
Ventriculoperitoneal shunt 996.2
malfunction
Congenital musculoskeletal 754.30-754.89
disorders
Scoliosis 737.0-737.9; 754.2

*|CD-9-CM indicates International Classification of Diseases, Ninth
Revision, Clinical Modification'; CNS, central nervous system.

hypotheses of the study were that providing ambula-
tory, coordinated care would (1) decrease hospitaliza-
tions and length of stay; (2) increase ambulatory visits;
and (3) yield savings for insurers from reductions in
charges for inpatient services.

— T

INPATIENT AND AMBULATORY PATTERNS
IN ROCHESTER

A total of 10 715 admissions with the selected codes oc-
curred in Rochester between 1984 and 1995. The mean
length of stay for children with chronic conditions ad-
mitted to CHAS decreased from 83.9 to 10.6 days
(R*=0.83, P<.001); annual admissions decreased from
2796 to 1622 (R*=0.82, P<.001).

Figure 1 shows that the linear regression trend line
for admissions for chronic conditions was steeper (t=2.9
for the difference between the slopes of the 2 linear re-
gression lines, P<<.01) than the similar line for acute ad-
missions (R*=0.08, P = .45), suggesting that the changes
were specific to children with chronic conditions and did
not apply to children with acute conditions. Admis-
sions for discretionary acute conditions totaled 1020 in
1991 and 1019 in 1995 and were stable in between.

Adjusted hospital inpatient charges for chronic con-
ditions, shown in Table 2, fell from $26.2 million to
$14.6 million. A dramatic decrease in charges was noted
in 1990 (either adjusted or unadjusted by consumer price
index). Although some of this decrease probably repre-
sents the effect of the chronic illness program, some likely
represents statistical variation in admissions. No other
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Figure 1. Linear regression analysis of admissions for chronic and acute
conditions, Children’s Hospital at Strong, Rochester, NY.

Table 2. Summary of Annual Adjusted* Inpatient Charges
for Selected Chronic Conditions at Children’s Hospital
at Strong, Rochester, NY
$ (in Millions)

I Diﬂerem:eI
Year Charges From 1989
1984 26.2
1985 29.8
1986 26
1987 25.3
1988 29.5 e
1989t 28.1 0
1990 11.3 16.8
1991 15.3 12.8
1992 15 13.1
1993 18 10.1
1994 16.8 11.3
1995 14.6 815
Total 1.7

*Adjusted for consumer price index for medical care: 1990 = 100.
tChronic illness grant first funded.

known significant changes had occurred in CHAS in that
year. The cumulative diminution in these charges since
1989 was $77.7 million. Given the total expenditure of
$3.6 million for this program, the ratio of savings to ex-
penditures was 21:1 (irrespective of the patient’s insur-
ance status). Adjusting for the 50% segment of the pa-
tient population covered by the sponsoring regional
insurance company and its affiliates, $38.9 million in sav-
ings were realized from this $3.6 million investment. This
represents a savings to the insurer of $10.50 for every
$1 invested.

Enrollment of children with chronic conditions in
individual practice associations and health mainte-
nance organizations increased from 1% to 58% of all pay-
ers between 1984 and 1995. Between 1993 and 1995, the
only years for which valid data were available, total en-
rollees in the ambulatory programs increased from 4168
to 4693. Ambulatory visits for direct billable care by a
health care provider increased from 6623 to 8888, while
procedures, such as urinalyses or electrocardiograms, in-
creased from 6686 to 8305.
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Table 3. Top 10 Primary /CD-9-CM Codes
for Chronic Conditions in Rochester, NY,
Compared With 17 Other Academic Centers*
Rank
Discharges Order
ICD-9-CM Discharges in Other in Other
Code Condition in Rochester Centers Centers
493.91 Asthma with status 1029 1566 3
asthmaticus
493.90 Asthma without status 382 1902 2
asthmaticus
V58.1  Maintenance 140 2214 1
chemotherapy
737.30 Idiopathic scoliosis 110 509 13
593.7  Vesicoureteral reflux 99 883 6
996.2  Malfunction 99 777 9
neurological
device/graft
250.91 Juvenile diabetes with 98 511 12
complications
753.2  Congenital ureteral 88 432 14
obstruction
307.1  Anorexia nervosa 74 270 21
282.62 Hemoglobin-S disease 72 372 16
with crisis

*]CD-9-CM indicates International Classification of Diseases, Ninth
Revision, Clinical Modification.™ Data are from the Academic Medical
Consortium, 1995.

COMPARISON WITH OTHER INSTITUTIONS

Table 3 shows the 10 most frequent primary ICD-
9-CM codes in 1995 in Rochester, the number of dis-
charges represented by each one, and the rankings by
frequency of each code in the other 17 centers of the
Academic Medical Consortium. Children hospitalized
at CHAS with chronic conditions had lower median
adjusted inpatient charges ($8746 [95% confidence
interval (CI), $7379-$10113] vs $12773 [95% CI,
$11931-$13615]) and fewer children readmitted
within 30 days (12.7% [95% CI, 10.4-14.0] vs 15.0%
[95% CI, 14.2-15.7]) than did the other centers.
Median lengths of stay were 6.6 (95% CI, 5.7-7.6) days
in Rochester and 7.0 (95% CI, 6.6-7.4) days in the other
institutions. Data from the 1993 national survey of
hospitals revealed an average median total charge of
$12462 (95% CI, $12402-$12520) and a median
length of stay of 6.2 days (95% CI, 6.1-6.2) for children
with chronic conditions. Both of these were signifi-
cantly greater than the averages in Rochester.

Rates of admissions could not be calculated be-
cause neither the number of children present in the catch-
ment areas of each of the medical centers nor a measure
of the referral pattern was available to use as a denomi-
nator. The number of admissions for appendicitis was used
as a proxy to evaluate rates of admission.”?® As a rule,
the incidence of appendicitis is constant in pediatric popu-
lations, and virtually all children who have appendicitis
are admitted to the hospital. Figure 2 and Figure 3
illustrate the ratio of the number of admissions for acute
and chronic conditions to the number of admissions for
appendicitis. The higher this ratio, the greater the rate
of admissions per unit of population. For acute condi-
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Figure 2. Ratio of admissions for bronchiolitis and fractures to admissions
for appendicitis.
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Figure 3. Ratio of admissions for chronic conditions to admissions for
appendicitis.

tions (bronchiolitis and fractures) (Figure 2), the ratios
for Rochester and the 17 consortium hospitals were simi-
lar. However, for the chronic conditions (Figure 3), the
ratio of admissions for children at CHAS was signifi-
cantly less than the ratio for the hospitals of the consor-
tium (tg=4.7 [statistic for the difference in intercepts],
P<.01), implying a lower admission rate per capita for
children in Rochester. This finding is consistent with pre-
vious research comparing Rochester with New Haven,
Conn, and Boston, Mass.?>*°

ACTIVITIES WITHIN CHAS RELATED
TO PATIENT CARE

During the time and motion study, information on 7122
encounters by 1717 patients was recorded. The results
of the survey were extrapolated to a 1-year period and
compared with data from billing records to evaluate their
validity. Billing records indicated 19 313 direct encoun-
ters; the extrapolated data predicted 20 702 direct en-
counters (only 7% more), verifying that the survey was
a valid cross-section.

The professionals surveyed spent a mean of 17.5 min-
utes on each inpatient encounter and 22.8 minutes on
each outpatient encounter. Professionals spent a mean
of 10.9 minutes on triage, 27.1 minutes on screening, 24.7
minutes on providing treatment, and 16.6 minutes on fol-
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low-up. During this survey 3122 encounters were clas-
sified as “face-to-face” (and thus billable) with a mean
time of 30.4 minutes; 958 encounters were telephone en-
counters with a mean time of 13.1 minutes; and 2792 en-
counters were classified as indirect (those without di-
rect contact with a patient, such as telephoning a pharmacy
or discussing the patient with a colleague) with a mean
time of 11.0 minutes. Thus, 24.1 of a total of 54.5 min-
utes (44%) were spent in encounters that were not
billable under most fee-for-service models.

— T

The care of children with chronic conditions has been shift-
ing from inpatient to ambulatory services. As more fami-
lies enroll in managed care programs, integrating primary
and specialty care to assure appropriate use of higher-cost
health services becomes more challenging. Mechanisms to
ensure the payment of a care coordinator who knows the
patient, his or her condition, the family, and available re-
sources are critical. In addition, as the scope of care at home
broadens and more patients are treated at home or in am-
bulatory settings, the patients who are admitted will have
more severe or complex illnesses. For instance, children
admitted with asthma were sicker in Rochester than in New
Haven or Boston.'® Therefore, it is even more important
that health care providers who treat these children in hos-
pitals receive special training to optimize their care. Spe-
cialized centers of care, where these providers are concen-
trated, may be more efficient in providing care to these
children than nontertiary centers.

Whereas most services provided to hospitalized chil-
dren can be billed, many services provided in the ambu-
latory setting, such as nursing and social work, are not
easy to bill under fee-for-service mechanisms. In this
study, 44% of the activities of CHAS professionals pro-
viding chronic illness care, such as consulting with com-
munity providers or discussing insurance issues with the
family on the telephone, were indirect and thus not con-
sidered billable. Programs that want to optimize the care
that chronically ill children receive should provide re-
imbursement for these indirect services.

These results show that a comprehensive, coordi-
nated program was associated with absolute decreases in
numbers of admissions (2796 to 1622), lengths of admis-
sions (84 to 11 days), and inpatient charges ($26 million
to $15 million) for children with chronic conditions. Rela-
tive decreases in these parameters were present when com-
pared with children in Rochester who had acute condi-
tions, implying that the factors responsible for the changes
affected admissions for chronic conditions more than acute
conditions. If the chronic illness program was the major
factor leading to such changes, then for every $1 invested
by the insurance company $10.50 in savings occurred in
inpatient charges for children enrolled in the insurance pro-
gram. When admissions to acute care hospitals decrease,
some costs are shifted to alternate sources of care, includ-
ing ambulatory and home-based services. No pediatric re-
habilitation services were available in the Rochester com-
munity during the study, and data on the frequency of
home-based services were not obtained. Thus, these sav-
ings represent the maximum savings experienced by the

insurance company—some of the potential savings could
have been shifted to pay for more home-based care. Also,
if children are cared for at home instead of in the hospital,
costs are shifted to families in terms of missed days at work
and more expensive child care.

Ambulatory services in the chronic illness pro-
gram in Rochester increased as inpatient visits de-
creased. Compared with other academic institutions be-
tween 1990 and 1995 and general hospitals in the United
States in 1993, children hospitalized in Rochester had
lower average charges and fewer readmissions within 30
days. The median length of stay was lower but not sta-
tistically different from that of the other institutions. Al-
though the rates of admission per total eligible children
were not available, when appendicitis was used as a proxy
to estimate rates of admission children in Rochester had
alower ratio of admissions than children in the other aca-
demic centers. Therefore, the lower median charges are
unlikely to reflect the admission of more children with
mild to moderate illnesses to Rochester. Since 1992, the
difference between Rochester and the other centers has
become less marked.

POTENTIAL LIMITATIONS

This intervention was carried out only in Rochester and,
because each community is unique, there is no true com-
parison site. As Table 3 presents, the relative frequency
of admissions is somewhat different in Rochester from
other programs. This may reflect differences in referral
patterns as well as different practices regarding which pa-
tients should be admitted. The changes documented in
this study could have been the result of other factors in
the community besides the chronic illness initiative, such
as the switch to reimbursement using DRGs. If this were
the case, the factor(s) affected the children who had
chronic conditions significantly more than those who had
acute conditions. Because Strong Memorial Hospital ini-
tiated the DRG system of reimbursement prior to the on-
set of data collection, it is unlikely that DRGs affected
the rate of admission since 1985.> However, prior to 1985,
some decreases in the rates of admissions for chronic con-
ditions were noted; thus, some community factors, in-
cluding the institution of DRGs in 1980, could have been
affecting admission rates.

Rochester’s practices in the mid 1980s may have been
conservative relative to the rest of the country and the
reductions in utilization could have been the result of
bringing practices in line with those of other communi-
ties. This explanation is not consistent with the findings
of earlier studies comparing Rochester with Boston and
New Haven.??8 It also would not explain the favorable
comparisons between Rochester and the other aca-
demic centers.

This study did not use actual rates of admission per
population at risk, but instead used the rate of appendi-
citis as a proxy. Because the catchment areas of a ter-
tiary medical center are often difficult to define and may
differ for separate conditions (eg, children who have car-
diac conditions may come from a larger geographic area
than those who have asthma), valid estimation of the de-
nominator used to compute rates of admissions would
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be difficult to obtain for each condition and each insti-
tution evaluated. Finally, the issue of quality was not ad-
dressed. Although moving patient care from an inpa-
tient to an ambulatory setting may be less expensive, little
is known of the effect on the functional status of the chil-
dren and the perceived quality of their care.

CONCLUSION

This study suggests that directing financial resources to am-
bulatory, comprehensive care teams seems to have re-
duced admissions for children with chronic conditions and
reduced the average length of stay. Hospital inpatient charges
fell significantly, resulting in a savings to insurers of $10.50
for every $1 invested. Such an investment creates a sys-
tem that allows health care providers to assure that only
the children who need hospitalization are admitted for in-
patient care. It also assures (1) the presence of the wide
variety of professional disciplines with the knowledge and
skills required to address the complexity of these chronic
conditions; (2) the opportunity for effective communica-
tion among providers of care, which leads to efficient use
of patient services; and (3) the opportunity for educating
patients and families about management of the condition.
The alternative of distributing the care of children with
chronic conditions across a broad pool of primary care pro-
viders without providing a care coordination team or spe-
cial training would lead to additional costs to the primary
care provider and specialists as well as the potential for
delayed or missing care, which is necessary to prevent
hospitalization.

Models of care that support the efficient use of pe-
diatric subspecialty services and maintain high-quality
health outcomes for children with chronic conditions
must be considered in the design of managed care mod-
els. Models that adhere to these principles could mini-
mize the risk that future health care services for these
children would be too expensive, incomplete, or dupli-
cative. When providers and payers can work together ef-
fectively, sharing economic risks and benefits, they will
be able to manage the finances for the most costly group
of pediatric patients without compromising the health
and well-being of these children.
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