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Abstract

Objective—To evaluate ambulatory-care sensitive (ACS) hospitalizations for children with non-
complex chronic diseases (NC-CD) and children with medical complexity (CMC), and identify
associations with ambulatory care characteristics. Although ACS hospitalizations are potentially
preventable in general populations, the specific ambulatory care predictors and influence of
medical complexity on them is poorly understood.

Study design—Retrospective cohort study of NC-CD and CMC hospitalizations at a children’s
hospital during 2007-2014, excluding labor/delivery and children over 21 years. Pediatric Medical
Complexity Algorithm identified NC-CD or CMC. ACS hospitalizations were identified using
Agency for Healthcare Research and Quality indicator definitions. Demographic and ambulatory
care characteristics were compared between ACS and non-ACS hospitalizations with logistic
regression clustered by patient. Measures of ambulatory care during 2 years prior to admission
were explored with 20% random sample of general pediatrics discharges.

Results—Among 4,035 children with NC-CD, 14.6% of 4,926 hospitalizations were ACS
hospitalizations. Among 5,084 CMC, 5.3% of 14,390 discharges were ACS hospitalizations.
Among NC-CD discharges, ACS hospitalizations were more likely with no prior-year outpatient
visits (OR 1.4, 95% CI 1.1-1.7) and less likely with timely well checks (OR 0.8, 95% CI 0.6-0.9)
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encounters in the month before admission (OR 0.5, 95% CI1 0.2-1.0). Among CMC
, the only association observed was with provider continuity (OR 0.3, 95% CI 0.1-1.0).

ons—Provider continuity may be associated with fewer CMC ACS hospitalizations,

however measures of ambulatory care were more consistently associated with ACS
hospitalizations for NC-CD. CMC may need more precise ACS hospitalization definitions.
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Ambulatory care-sensitive conditions (ACSC) are conditions for which high quality
outpatient care can potentially prevent the need for hospitalization.(1) ACSCs were
developed by expert consensus methods, have substantial face validity,(2, 3), and account for
up to one-third of pediatric hospitalizations.(4) Examples of pediatric ACSCs include
asthma, urinary tract infection, and dehydration. Previous research has suggested that less
provider continuity, (5) adherence to preventive care schedules,(5), and insurance access(6)
may be associated with ACS hospitalizations; however, limited empiric research has
assessed a broad set of specific ambulatory care experiences and processes that predict them.

Moreover, several recent studies suggest that ACSCs may behave differently for children
with more complex medical conditions. Children with medical complexity (CMC) are most
commonly described as having severe chronic conditions, major functional limitations, high
health resources utilization, and substantial health service needs.(7) Hospitalizations of
CMC are less likely to be for ACSCs than hospitalizations of non-CMC.(4, 8) In one study,
over 90% of patients with spina bifida and hospitalization for urinary tract infection had
ambulatory claims in 7 days prior to admission.(9) These findings may not be surprising if
one speculates that, simply because of fragility associated with unstable underlying
diagnoses, CMC often require hospitalization for an ACSC no matter how optimally their
ambulatory care is delivered.

Because hospital care accounts for one-third of US healthcare spending and represents the
largest single component of healthcare expenditures,(10) reliable and valid tools to identify
preventable hospitalizations are needed. Such tools are even more important for CMC.
Despite being only 0.5-6% of children,(11, 12) their care accounts for 30% of total child
health spending,(11) 50-80% of which is due to hospital care.(11-14) Understanding how
ambulatory care predictors of ACS hospitalizations differ between children with non-
complex chronic diseases and with medical complexity is an important first step to
delivering more precise interventions to reduce hospital utilization in each population.

The objective of this 2-part study was to identify associations between characteristics of
ambulatory care and ACS hospitalizations among children with varying underlying levels of
health. We hypothesized that ambulatory care characteristics would have weaker
relationships to ACS hospitalizations for CMC than for children with less complex chronic
conditions. In the first phase, administrative data was used to examine predictors of ACS
hospitalization; and in the second phase, chart review data among a smaller subset of
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discharges was used to examine ambulatory care predictors of ACS hospitalization
frequently unavailable in administrative data.

This retrospective cohort study included pediatric discharges from a tertiary children’s
hospital between 7/2007-7/2014. We used the Pediatric Medical Complexity Algorithm
(PMCA) to categorize patients into 3 mutually exclusive groups: (1) non-chronic, (2) non-
complex chronic, or (3) complex chronic disease.(15) We included encounters for patients
with non-complex chronic (NC-CD) or complex chronic diseases (ie, CMC). NC-CD
typically involve only a single body system, are non-progressive and are variable in severity
(eg, asthma, depression); CMC involve multiple body systems and are progressive,
frequently requiring technology assistance (eg, cerebral palsy, tracheostomy with ventilator
dependence).

This study was conducted with 2 samples. The administrative sample represented all
inpatient and observation hospital discharge encounters for patients <21 years old during the
study period, excluding only neonatal and labor/delivery encounters. This administrative
sample therefore included patients from all hospital services, including hospital medicing,
subspecialty or surgical services, and intensive care.

The chart review sample was a random subset of the administrative sample chosen to
facilitate collecting ambulatory care details beyond what is routinely available in
administrative data. We restricted this sample to encounters of patients admitted only to the
hospital medicine service who had a primary care provider within our health system, to
ensure complete access to pertinent ambulatory care information. Therefore, the chart review
dataset was comprised of a 20% stratified random sample of the 1370 encounters for NC-CD
and CMC on the hospital medicine service who received primary care within our health
system. A structured data abstraction protocol was developed after piloting on 5 encounters
of NC-CD and CMC not included in our study.

All discharge encounters were categorized as ACS or non-ACS hospitalizations. We used
pediatric ACSC definitions available from the Agency for Healthcare Research and Quality
(AHRQ) Pediatric Quality Indicators Technical Specifications, version 5.0(16) — diabetes
complications, perforated appendix, gastroenteritis, urinary tract infection, and asthma. As in
previous studies,(4) we also included bacterial pneumonia, which is within the AHRQ’s
general Prevention Quality Indicator set.

We adapted existing pediatric measures of quality and access to care(6, 17-20) for this
study, and assessed each up to 2 years prior to hospitalization. Measures were limited to
those that were able to be abstracted from administrative or chart review sources; and not
disease-specific, such that they could be applied to all encounters. Measures and data
sources included the following: 1) Having a primary care provider at the time of
hospitalization (administrative); 2) Having health insurance at the time of hospitalization
(administrative); 3) Timely well checks (chart review); 4) Primary care provider continuity
(chart review); 5) Childhood vaccination status (chart review); 6) Anthropometric
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measurement (weight, length/height, body mass index; chart review); and 7) Outpatient
visits — primary and specialty care (administrative and chart review).

Timely well checks were defined as the proportion of recommended well checks that were
attended on time (based on American Academy of Pediatrics recommendations(21)), using
an approach described previously.(5) Primary care provider continuity was assessed using a
continuity of care index, K, described by Ejlertsson.(22, 23) We calculated the K index by
dividing the difference in the number of well care visits and the number of different
providers by the number of well care visits minus 1. Continuity was dichotomized as above
or below the median because we observed bimodal peaks at 0 and 1. Continuity scores could
only be calculated when patients had >1 well care visit in the 2 years prior to hospitalization.
Vaccination status was categorized as up to date or not, based on Centers for Disease Control
and Prevention recommendations at the time the child was 2 years old. Children under 2
were considered vaccinated if they were up to date based on their age at the time of
assessment.

In addition, we sought to characterize ambulatory encounters in the 30 days leading up to
each hospitalization. Ambulatory encounters were defined as patient-provider interactions
documented in the electronic health record, whether by phone, electronic or in-person: Total
encounters—phone, electronic (e.g., email, inbasket), or in-person (chart review) and
encounters for the same problem as hospitalization, phone, electronic, or in-person (chart
review).

We included covariates consistent with previous pediatric ACS and CMC utilization studies,
(4, 24, 25) including age, sex, child’s race/ethnicity, and primary language. Severity of
illness was assessed using All-Patient Refined Diagnosis-Related Group (APR-DRG)
severity, hospitalization length of stay, and past-year hospitalizations. We also included
passive smoke exposure, which has been associated with increased pediatric hospital use in
general(26) and among children with asthma (27) and is also associated with more severe
pneumonia.(28) Smoke exposure was assessed routinely on admission using a nursing intake
form. Although nearly 33% of responses were missing, there was no difference in
missingness between children with non-complex chronic or complex chronic disease. We
coded smoke exposure into three categories — yes, no, or missing.

Statistical Analyses

Descriptive statistics compared differences between ACS and non-ACS hospitalizations for
NC-CD and CMC. The first phase analyzed the administrative sample, testing associations
among ACS hospitalization, patient characteristics and ambulatory care measures with
bivariate followed by multivariable logistic regression clustered by patient and stratified by
NC-CD and CMC status. The second phase analyzed the chart review sample using bivariate
logistic regression clustered by patient and stratified by NC-CD and CMC status. Analyses
were completed using STATA version 14 (College Station, Texas). This study was approved
by the institutional review board of the University of Wisconsin.
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Among 4,035 NC-CD, 14.6% of the 4,926 discharges were for ACSCs; whereas among
5,084 CMC, 5.3% of the 14,390 discharges were for ACSCs. The most common ACSCs
were asthma in the NC-CD group and pneumonia in the CMC group (Figure 1). Encounter
characteristics are summarized in Table 1. In the chart review sample, which was comprised
of discharges from the hospital medicine service who received primary care within our
health system, 118 children with NC-CD had 120 hospitalizations (38.3% for ACSCs) and
151 CMC had 180 hospitalizations (12.2% for ACSCs).

Predictors of ACS hospitalization differed substantially for children with non-complex
chronic and complex chronic disease. More specifically, we identified essentially no
predictors of ACS hospitalization for CMC, but several among NC-CD. The administrative
analysis (Figure 2) highlights that among NC-CD, hospitalizations were more likely to be
ACS hospitalizations when children had any non-white race/ethnicity, e.g., odds of
hospitalizations for an ACSC among non-Hispanic black children were 3.4 times higher than
non-Hispanic white children. Similarly, odds of hospitalizations for an ACSC were nearly 2
times higher for patients without insurance than those with insurance, and 1.4 times higher
for patients with no outpatient visits in the previous year compared with >1 outpatient visit
in the previous year. Hospitalizations were also more likely to be for ACSCs when children
had passive smoke exposure. No relationships were observed between CMC hospitalizations
and demographics, smoke exposure, insurance status, outpatient visits in previous year, or
having a primary care provider.

The chart review analysis (Table I1) highlights additional differences between NC-CD and
CMC. Encounters for NC-CD were less likely to be for ACSCs when there were more
timely well checks and when a higher proportion of recommended well checks occurred in
the 2 years prior to hospitalization. Hospitalizations for CMC were more likely to be ACS
hospitalizations when provider continuity was below the median continuity index score (OR
0.3, 95% CI 0.1-1.0). The latter finding represents the only association between study
measures and ACS hospitalizations observed among CMC.

In the 2 years before the 46 ACS hospitalizations in the NC-CD group, there were 131
primary care visits and 18 specialist visits for the same ACSC which did not result in
admission. In the CMC group, prior to the 22 ACS hospitalizations there were 64 primary
care visits and 53 specialist visits for the same ACSC which did not result in admission.

In the month before hospitalization, ambulatory encounters were nearly universal for CMC
(90.0% among CMC vs 75.8% among NC-CD, P=.001), with no difference prior to ACS or
non-ACS hospitalizations. In-person encounters occurred before 81.7% of CMC
hospitalizations, phone encounters before 78.3%, and both in-person and phone encounters
before 70.0%. Among NC-CD, in-person encounters preceded 69.2% of hospitalizations
while both and in-person and phone encounters preceded 48.3%. Having a phone encounter
was associated with 50% lower odds of a hospitalization being for an ACSC for NC-CD.
Among CMC, there were no associations between encounter type or frequency and ACS or
non-ACS hospitalizations in the 30 days before admission.

J Pedliatr. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Coller et al.

Page 6

Discussion

Despite the assumption that hospitalizations due to ACSCs are avoidable through high-
quality ambulatory care, empiric support for this concept in pediatrics is needed. Our study
findings suggest that measures of ambulatory care are related to ACS hospitalization but also
suggest that underlying health status may be an important moderator of these relationships,
and among CMC, hospitalizations for these conditions may be less sensitive to ambulatory
care. Multiple ambulatory care measures were associated with ACS hospitalizations for
children with NC-CD. Namely, we found that hospitalizations were more likely to be for
ACSCs when patients had fewer timely well-checks in the past 2 years, lack of outpatient
visits in prior year, and no phone encounters in the month prior to the hospitalization. We
also observed more ACS hospitalizations when children were uninsured or had passive
smoke exposure. Although the latter findings are indirect measures of ambulatory care,
primary care providers may feel that attempting to help families reduce passive smoke
exposure or overcome insurance barriers when possible falls within the scope of the medical
home.

Aligned with our results, data from a large health plan in Hawaii observed that children with
chronic disease and less adherence to the pediatric preventive care schedule had higher risk
of ACS hospitalization.(5) Our findings are also reminiscent of research at one children’s
hospital which assessed primary care, inpatient physician, and parent perspectives on
“preventability” during 554 acute ACS hospitalizations.(25) Respondents cited better
outpatient primary care follow-up and better quality of care as key approaches for reducing
these hospitalizations. A related study on asthma hospitalizations identified that failing to
contact ambulatory physicians before the hospitalization was the greatest preventable risk
factor for admission.(29)

Among CMC, it was notable that we observed that less primary care provider continuity was
associated with ACS hospitalizations. Less continuity has been associated with ACS
hospitalization risk previously(5); however, this question has not been examined among
CMC specifically. Qualitative work has identified continuity as important for reducing
hospital use in general by CMC caregivers.(30) A national expert panel identified a concept
closely related to continuity, access to familiar providers, as a strategy expected to prevent
hospitalizations among CMC.(31)

We were not surprised that other measures of ambulatory care were essentially unrelated to
ACS hospitalizations for CMC. No research to date has reliably identified potentially
preventable hospitalizations among CMC.(32) Analyses of national discharge databases
demonstrate that CMC hospitalizations are less likely to be for ACSCs than hospitalizations
of non-CMC.(4, 8) Medical complexity itself may simply overpower the influence of
ambulatory care on hospitalization risk. This concept is also reflected, in part, through the
exclusion criteria within some ACSC measure definitions themselves.(16) For example,
patients with cystic fibrosis and anomalies of the respiratory system are excluded from the
asthma ACSC admission rate precisely because these patients “represent highly complicated
cases that may require hospitalization”.(2)

J Pedliatr. Author manuscript; available in PMC 2019 March 01.
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The extent to which ambulatory care can prevent hospitalizations for CMC warrants
additional study. It is possible that ambulatory care may exert a greater influence on CMC
hospitalizations for a different set of conditions than the existing ACSCs. Expert consensus
methods similar to those used to develop the ACSCs could generate an adapted list of
ACSCs explicitly for CMC. Quantitative research could then both extend this list and
provide validation to ACSCs identified by experts. As a first step, subsequent work could
characterize the most common conditions among hospitalized CMC who have evidence of
poorer ambulatory care access, experience, and quality.

Lastly, the NC-CD encounter patient characteristics we observed to be associated with ACS
hospitalization complement findings from several recent studies. Population-based studies
have found that children hospitalized for ACSCs tend to be younger, male, non-white,
publicly insured or uninsured, and living in poorer areas or communities with more income
inequality.(4, 24, 33—-36) Extending the Medicaid redetermination period in California from
3 to 12 months, which presumably resulted in fewer gaps in insurance coverage, was
associated with a > 25% reduction in ACS hospitalizations.(6)

Our results must be interpreted with several limitations in mind. The single-center design
limits generalizability, and the observational study design limits our ability to draw causal
inferences. Although our administrative sample included all hospitalizations, ambulatory
encounters outside of our institution and those without documentation were missed, both of
which could alter how ambulatory care was characterized. In addition, our chart review
sample included only children admitted to the hospital medicine service whose primary care
was within our system. Results may not generalize to those on other services or with
primary care outside our system; associations may be different for CMC or NC-CD whose
care is managed primarily within subspecialties. In general, our work identified the presence
of encounters rather than visit content. Future prospective work should continue to refine
measurement of the quality of ambulatory care during visits, including appropriateness of
ACSC treatment in outpatient encounters. Because ambulatory care access, quality, and
experience can fluctuate for individuals over time, modeling an individual’s ambulatory care
is challenging.

In future research, analyses of combined inpatient and ambulatory data should aim to better
quantify the overall denominator of ACSCs managed by health systems. Beyond
understanding the rate of ACS hospitalizations within a population, it may be informative to
understand the proportion of ACSC encounters which result in hospitalizations. For
example, through a time-intensive chart review process, we observed many encounters (e.g.,
64 primary and 53 subspecialty care encounters among CMC) for the same ACSC which did
not lead to hospitalization over 2 years prior to admission. Moreover, although our
administrative sample identified 90 ACS urinary tract infection admissions for CMC, our
judgement of this number in context might differ if we knew whether there were 200 ACS
urinary tract infections managed in ambulatory settings or 2,000. Additionally, future
research should attempt to tease out the influence of the Affordable Care Act (ACA) on
insurance coverage, access to ambulatory care, and potential downstream reductions in ACS
hospitalizations. Because CMC and NC-CD have different access to insurance coverage and
waiver programs, the ACA may have had differential effects on each population.

J Pedliatr. Author manuscript; available in PMC 2019 March 01.
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Our study has several implications. This study explores the intersection between ambulatory
care and ACS hospitalizations for CMC. Researchers, clinicians, or policymakers interested
in reducing hospital utilization by targeting ACSCs, may need to tailor interventions to the
patient’s underlying medical complexity. In addition, interventions designed to reduce
disparities, address social determinants of health, eliminate secondhand smoke exposure,
and improve access to care might prove to be effective at reducing ACS hospitalizations for
children with NC-CD. ACS hospitalizations for NC-CD may be more “modifiable” than for
CMC. Among CMC, however, if some hospitalizations may be avoided through better
ambulatory care, interventions may either need to focus on provider continuity, identify
different ambulatory care constructs, or target a different set of conditions altogether.
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Figure 1. Frequencies of Specific Ambulatory Care Sensitive Conditions among Hospitalizations
for Children with Non-Complex and Complex Chronic Disease

Distribution of Ambulatory Care-Sensitive Conditions as a proportion of all hospitalizations
for children with non-complex chronic disease and medical complexity.
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hospitalizations for children with non-complex chronic disease and medical complexity.
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Table 2
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Associations between Ambulatory Care and Ambulatory Care-Sensitive Hospitalizations among 20% Random
Sample of Discharges from the Pediatric Hospital Medicine Service

Non-Complex Chronic Disease

Medical Complexity

ACSC OR (95% Cl)

ACSC OR (95% CI)

Ambulatory Care - 2 Years before Hospitalization

Total timely well checks 0.8 (0.6-0.9) 1.1(0.9-1.3)
Proportion recommended well checks occurred and timely 0.4 (0.1-1.0)" 3.2(0.8-12.2)
Number of different providers seen for well-checks 0.6 (0.3-1.1) 1.6 (0.9-2.7)
Primary care continuity? 16(05-5.5) 0.3(0.1-1.0) *
Vaccines updated by age 2 1.0 (0.4-2.1) 1.4 (0.5-3.7)
Anthropometrics documented most recent well-check 1.2 (0.6-2.6) 2.2 (0.7-6.5)
Total primary care visits 1.0(1.0-1.1) 1.0 (1.0-1.0)
Total specialty care visits 1.0 (0.9-1.0) 1.0 (1.0-1.0)
Ambulatory Care — 30 Days before Hospitalization

Total encounters 0.9 (0.8-1.0) 1.0 (0.9-1.1)
Any encounter 0.6 (0.2-1.4) 0.7 (0.2-2.5)
Any in-person encounter 0.7 (0.3-1.7) 0.7 (0.2-2.2)
Any phone encounter 05 (0.2-1.0) " 0.9 (0.3-2.8)
Encounters for same problem: Total number 1.0(0.7-1.2) 1.0 (0.8-1.2)
Encounter for same problem: At least one 0.4 (0.0-3.6) 1.0 (0.2-5.0)
Encounter for same problem: In-person 1.6 (0.7-3.3) 0.4 (0.1-1.0)
Encounter for same problem: Phone 0.6 (0.3-1.3) 1.0 (0.4-2.6)

*
<0.05,

*:

A
<0.01,

Aok

<0.001

a . - ) . . - . . .
Primary care continuity defined as being above or below the median of the continuity of care index described be Ejlertsson.

J Pedliatr. Author manuscript; available in PMC 2019 March 01.

22



	Abstract
	Methods
	Statistical Analyses

	Results
	Discussion
	References
	Figure 1
	Figure 2
	Table 1
	Table 2



