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Abstract

Background Adherence with follow-up appointments after a pediatric intensive care unit (PICU) admission is likely
a key component in managing post-PICU sequalae. However, prior work on PICU follow-up adherence is limited.
The objective of this study is to identify hospitalization characteristics, discharge child health metrics, and follow-up
characteristics associated with full adherence with recommended follow-up at a quaternary care center after a PICU
admission due to respiratory failure.

Methods We conducted a retrospective cohort study of patients < 18 years with respiratory failure admitted
between 1/2013-12/2014 to a quaternary care PICU. Post-hospitalization full adherence with recommended follow-
up in the two years post discharge (1/2013-3/2017) at the quaternary care center was quantified and compared

by demographics, baseline child health metrics, hospitalization characteristics, discharge child health metrics, and fol-
low-up characteristics in bivariate and multivariate analyses. Patients were dichotomized into being non-adherent
with follow-up (patients who attended less than 100% of recommended appointments at the quaternary care center)
and fully adherent (patients who attended 100% of recommended appointments at the quaternary care center).

Results Of 155 patients alive at hospital discharge, 140 (90.3%) were recommended to follow-up at the quaternary
care center. Of the 140 patients with recommended follow-up at the quaternary care center, 32.1% were non-
adherent with follow-up and 67.9% were fully adherent. In a multivariable logistic regression model, each additional
recommended unique follow-up appointment was associated with lower odds of being fully adherent with follow-up
(OR0.74,95% Cl 0.60-0.91, p=0.005), and each 10% increase in the proportion of appointments scheduled before dis-
charge was associated with higher odds of being fully adherent with follow-up (OR 1.02, 95% CI 1.01-1.03, p=0.004).

Conclusions After admission for acute respiratory failure, only two-thirds of children were fully adherent with rec-
ommended follow-up at a quaternary care center. Our findings suggest that limiting the recommended follow-up
to only key essential healthcare providers and working to schedule as many appointments as possible before dis-
charge could improve follow-up adherence. However, a better understanding of the factors that lead to non-adher-
ence with follow-up appointments is needed to inform broader system-level approaches could help improve PICU
follow-up adherence.
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Background

The majority of children after a pediatric critical illness
require follow-up care after discharge [1-3]. After a pedi-
atric intensive care unit (PICU) admission, up to a third
of children have new morbidities, reduced health-related
quality of life, and new home care needs [3—11]. Children
can also have a traumatic stress response due to a PICU
admission, with up to two-thirds of children having post-
traumatic stress symptoms after discharge [12-16]. As
such, appropriate follow-up with a primary care provider
and key specialists is necessary to manage the physical
and emotional sequalae from a PICU admission.

A key component of post-hospitalization follow-up is
adherence with the recommended follow-up appoint-
ments. Adherence with follow-up after a pediatric hospi-
talization is variable [1, 17—19]. Rates of 100% adherence
or full adherence with recommended follow-up range
from 53 to 80% for hospitalized children with traumatic
brain injury and isolated abdominal injuries, and children
after neonatal intensive care unit and PICU admission [1,
17-19]. Prior work has yet to demonstrate a clear pattern
of which discharge child health metrics and hospitaliza-
tion characteristics are associated with non-adherence
after pediatric hospitalization [1, 17-19]. Different stud-
ies report both increase and decrease in the same factor,
such as illness severity or length of stay, as being associ-
ated with follow-up non-adherence after pediatric hos-
pitalization [1, 17-19]. Further, limited studies exist that
are specific to PICU follow-up adherence [1]. One study,
done in the early 2000s by McPherson et al., reported that
65% of patients were fully adherent with recommended
PICU follow-up appointments and adherence was better
with primary care appointments than specialty appoint-
ments [1].

While studies have begun to describe follow-up adher-
ence after pediatric hospitalization, few studies have
focused on follow-up adherence after a PICU admission.
Further, the literature on factors associated with poor
follow-up adherence after a PICU admission is limited.
Specifically, we lack robust data on how hospitaliza-
tion characteristics, discharge child health metrics, and
follow-up characteristics impact follow-up adherence.
Understanding how hospitalization characteristics, dis-
charge child health metrics, and follow-up characteristics
impact follow-up adherence could inform the develop-
ment of a hospital system-based approach to improve
PICU follow-up adherence and post-PICU care delivery.

In this study, we evaluated post-hospitalization follow-
up full adherence after a critical illness secondary to res-
piratory failure. Respiratory failure is the most common
primary diagnosis in the PICU and as such, patients with
respiratory failure represent a substantial majority of
children requiring PICU follow-up. We hypothesize that
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key hospitalization characteristics, discharge child health
metrics, and follow-up characteristics will be associated
with adherence with follow-up. The study objectives
are, in patients after pediatric critical illness due to res-
piratory failure, to: (1) report rates of post-hospitalization
follow-up full adherence at a quaternary care center; and
(2) evaluate the association between hospitalization char-
acteristics, discharge child health metrics, and follow-up
characteristics with full adherence to recommended fol-
low-up appointments.

Methods

Study design and setting

This is a retrospective cohort study of children <18 years
admitted to a quaternary PICU from 1/1/2013-
12/31/2014 with respiratory failure secondary to an
intrapulmonary process. Post-hospitalization full adher-
ence with follow-up in the two years post discharge
(1/2013-3/2017) at the quaternary care center was quan-
tified. While most follow-up was expected to occur a
few months after discharge, a two-year follow-up period
was used to capture appointments further out from dis-
charge. The study setting was a quaternary PICU with
1200 admission per year with capacity to provide special-
ized intensive care including extracorporeal membrane
oxygenation (ECMO) and continuous renal replacement
therapy (CRRT). This study was a planned secondary
analysis of data collected during a prior study of out-
comes and healthcare utilization after a PICU admission
for respiratory failure [2, 3]. All data for this analysis was
collected at the time of the original study. At the time
of data collection, the study institution did not have a
PICU follow-up clinic or outpatient complex care pro-
gram. The study institution did have resident assistants,
staff members assigned to help the clinical team with
administrative tasks including scheduling follow-up
appointments prior to a child’s discharge. This study was
approved by the Institutional Review Board (IRB, IRB
#HUMO00100246) of the University of Michigan Medical
School in accordance with the Declaration of Helsinki.
Informed consent was waived by the IRB as this was a
retrospective analysis of already existing data.

Inclusion / exclusion criteria and data collection

We included children <18 years admitted to a quater-
nary PICU from 1/1/2013-12/31/2014 with respiratory
failure secondary to an intrapulmonary process. These
patients were identified using an institutional Virtual
PICU System (VPS) database. The VPS database was
maintained by designated trained data entry special-
ist who entered information upon admission including
patient demographics, primary diagnosis, and existing
comorbid conditions using International Classification of
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Diseases-Clinical Modification version 9 (ICD-9) codes.
To identify patients, a VPS query identified all patients
from 1/1/2013-12/31/2014 with a respiratory system-
associated ICD-9 codes. Then, patients with a primary
diagnosis of respiratory failure due to an intrapulmonary
process were identified through a manual review of the
medical chart using the following definitions. Respira-
tory failure was defined as the receipt of noninvasive or
invasive positive pressure ventilation, as described in our
prior work [2, 3]. An intrapulmonary process was defined
as a pulmonary illness including pneumonia, asthma,
acute lung injury, and bronchiolitis, as described in our
prior work [2, 3]. We excluded patients born during the
index hospitalization, only intubated for airway protec-
tion, who died during the hospital admission, or who
were transferred to another institution prior to discharge
home.

Patient-level data, including demographics, comor-
bid conditions, and hospitalization characteristics, were
obtained from the institutional VPS database. Additional
patient-level data on Functional Status Scale (FSS) score
[20], home care needs, and follow-up appointments
were obtained through medical chart review. Data was
collected using two excel spreadsheets, in accordance
with IRB regulations. One spreadsheet included patient
identifiers linked with a study ID number with no study
variables. The other spreadsheet contained a study ID
number and all the study variables. After data collection,
the data was checked for errors and cleaned after which
the spreadsheet with patient identifiers was destroyed in
keeping with data security measures at the time of the
study.

Study variables

The following categories of variables were collected:
demographics, baseline child health metrics, hospitaliza-
tion characteristics, discharge child health metrics, and
follow-up appointment characteristics. Demographic
data included age and gender. Baseline child health met-
rics included comorbid conditions and FSS score on
admission. Comorbid conditions were identified with
the use of ICD-9 diagnosis codes for complex chronic
conditions as described by Feudtner et al. [21]. The FSS
assesses a child’s functional status in six domains (mental,
sensory, communication, motor function, feeding, and
respiratory) [20]. The FSS score was manually calculated
after review of the medical chart [20]. The FSS scores
range from 6 to 30 [20]. A score of six indicates normal
function, with higher scores indicating worse function
[20]. Hospitalization characteristics, as described pre-
viously [2, 3], included: (1) severity of illness measured
using the Pediatric Risk of Mortality (PRISM) version III
score-derived probability of mortality [22]; (2) type and
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duration of positive pressure ventilation; (3) adjunctive
therapies (vasoactive medication use, ECMO use [veno-
venous and venoarterial]; (4) CRRT use; and (5) length
of stay (LOS) in the PICU and hospital. Discharge child
health metrics included discharge FSS score, new mor-
bidity assessment, new medical devices, and home care
equipment. As described by Pollack et al. [20], new mor-
bidity was defined as a change in FSS score of greater
than or equal to 3 at hospital discharge relative to pre-
admission baseline. Home care needs included new med-
ical devices (e.g. tracheostomy, gastrostomy tube) and
home care equipment (e.g. mechanical ventilators, feed-
ing supplies), as described in our prior work [2, 3].

Recommend follow-up appointments were all primary
care or specialty care appointments that patients were
recommended to follow-up with in the discharge sum-
mary. Appointments were considered scheduled if the
appointment date and time were listed on the discharge
summary. Scheduling data were captured for follow-
up at both community care centers and the quaternary
care center in the two years after discharge. Attendance
at follow-up was collected only for appointments at the
quaternary care center. The appointment was consid-
ered attended if the medical record at the quaternary
care center had a note documenting an in-person patient
encounter with a healthcare provider. To allow for inclu-
sion of rescheduled appointments in the captured attend-
ance data, appointments were considered to have been
attended if the visit occurred within 4 months of the date
specified in the discharge summary document or if the
visit occurred within 4 months of hospital discharge if
no date was noted in the discharge summary document.
Patients were dichotomized into being non-adherent
with follow-up (patients who attended less than 100%
of recommended appointments at the quaternary care
center) and fully adherent with follow-up (patients who
attended 100% of recommended appointments at the
quaternary care center).

Statistical analysis
Data analysis was done using STATA version 14 (STATA,
College Station, TX). Continuous data are presented as
medians and interquartile ranges, and categorical data as
frequencies and percentages.

Three separate analyses were completed:

(1) Descriptive statistics on demographics and propor-
tion of appointments scheduled before discharge
(number of appointments scheduled / number of
appointments recommended) for all patients were
completed. Descriptive statistics on proportion of
appointments attended (number of appointments
attended at quaternary care center / number of
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appointments recommended at quaternary care
center) and proportion of patients with full adher-
ence (patients who attended 100% of recommended
appointments at the quaternary care center) were
completed for patients with follow-up appoint-
ments at the quaternary care center. The proportion
of patients with full adherence was calculated for all
appointments (all primary care and specialty care
appointments combined), primary care appoint-
ments, all specialty care appointments, and the top
four specialties (Pulmonary, Otolaryngology, Cardi-
ology, and Physical Therapy/Occupational Therapy)
that patients were recommended to follow-up with,
as identified in prior work with this dataset [3].

(2) Bivariate analysis compared patients who were
non-adherent with follow-up appointments at the
quaternary care center with those who were fully
adherent with follow-up appointments at the qua-
ternary care center with respect to demographics,
baseline child health metrics, hospitalization char-
acteristics, discharge child health metrics, and fol-
low-up characteristics. Bivariate comparisons were
made using chi-square test for categorical variables
and Wilcoxon Rank Sum test for continuous vari-
ables.

(3) Multivariable logistic regression models were fit
to compare the impact of demographics, baseline
child health metrics, hospitalization characteris-
tics, discharge child health metrics, and follow-up
appointment characteristics on full adherence with
follow-up (comparing non-adherent patients with
follow-up at the quaternary care center with those
who were fully adherent with follow-up at the qua-
ternary care center). Independent variables were
included in the model through two processes: 1)
if they were associated (p<0.2) with the outcome
variables in bivariate analysis, and 2) if they were
deemed clinically relevant, including patient age,
gender, and severity of illness. This multivariable
model was additionally used to calculate predicted
probabilities of full adherence based on individual
covariates, with an assumption that follow up clinic
visits were independent events with a linear contin-
uous distribution.

Results

Admission health, hospitalization characteristics,
discharge health

All 155 discharged patients had follow-up appointments
recommended after discharge, with 140 of these having
recommended follow-up appointments at the quaternary
care center. Table 1 summarizes the patient characteris-
tics and hospitalization details for all 155 patients. The
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median age was 2.1 years (IQR, 0.7-10.6 years) and 65
(41.9%) were female. Median admission FSS score was
7 (IQR, 6-11) and 61 (39.4%) patients had a comorbid
condition at baseline. The median PICU LOS was 8 days
(IQR, 4-15) while the median hospital LOS was 13 days
(IQR, 8-23 days). At hospital discharge, 14 (9%) patients
had a new morbidity and the median discharge FSS score
was 9 (IQR 6-12).

Post-hospitalization follow-up
The 155 patients had a total of 573 recommended follow-
up appointments at either the quaternary care center
or community care center (Fig. 1A). Of these, 449 were
specialty care appointments and 124 were primary care
appointments. The majority of appointments (420/573,
73.3%) were scheduled prior to discharge (Fig. 1A).
Regarding appointments at the quaternary care center
(Fig. 1B), 140 patients had a total of 430 appointments
recommended at the quaternary care center. The major-
ity of follow-up appointments at the quaternary care
center were attended (n=362/430, 84.2%) (Fig. 1B).
Regarding full adherence with follow-up by patient at
the quaternary care center overall (Fig. 2), there were 95
patients (1=95/140, 67.9%) who were fully adherent with
follow-up (attended 100% of recommended follow-up at
the quaternary care center) and 45 patients (n=45/140,
32.1%) who were non-adherent with follow-up (attended
less than 100% of recommended follow-up at the qua-
ternary care center). Ninety-three percent (n=30/32) of
patients were fully adherent with recommended primary
care follow-up at the quaternary care center and 68.4%
(n=93/136) were fully adherent with recommended spe-
cialty care follow-up (Fig. 2). Full adherence with the top
four specialties that participants were recommended to
follow-up with ranged from 84.6% to 86.3% (Fig. 2).

Factors associated with full adherence
with follow-up appointments
The bivariate analyses assessing for the association
between demographics, baseline child health metrics,
hospitalization characteristics, discharge child health
metrics, and follow-up characteristics with full adher-
ence with recommended follow-up are listed in Table 1.
In bivariate analysis, patients who were fully adherent
were more likely to have received conventional ventila-
tion, less likely to have received CRRT, and less likely to
have received new medical equipment (Table 1). Fully
adherent patients also had fewer recommended follow-
up appointments and had a higher percentage follow-up
appointment scheduled before discharge (Table 1).

The results of the multivariable logistic regression model
are in Table 2. A higher number of follow-up appointments
was associated with lower odds of being fully adherent with
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Table 1 Patient and hospitalization characteristics and bivariate analysis of patients who were non-adherent with follow-up and

adherent after PICU admission for respiratory failure

All Discharge
Patients (n=155)

Discharged Patients with Follow-up at the pb
Quaternary Care Center (n=140)

Non-Adherent with
Follow-up (n=45)

Fully Adherent with
Follow-up (n=95)

Demographics and Baseline Child Health Metrics

Age (years), median (IQR) 2.1(0.7-10.6) 1.6 (0.8-12.8) 2.8(0.8-104) 0.945
Gender, n (%) 0.088
Female 65 (41.9) 14 (31.1) 44 (46.3)
Male 90 (58.1) 31 (68.9) 51(53.7)
Comorbid Condition at Admission, n (%) 61(394) 22 (48.9) 37(39.0) 0.266
Neurologic 24 (15.5)
Genetic 18 (11.6)
Cardiac 16 (10.3)
Respiratory 11(7.1)
FSS at Admission, median (IQR) 7(6-11) 8(6-13) 7(6-12) 0.637
Hospitalization Characteristics
PRISM Calculated Probability of Death, n (%) 0.721
< 5% probability of death 120 (77.4) 33(73.3) 73 (76.8)
5-30% probability of death 31 (20.0) 10(22.2) 20 (21.1)
>30% probability of death 4(2.6) 2(4.4) 2.0
Highest Level of Ventilatory Support 0.017
Noninvasive 23 (14.8) 10 (22.2) 12(12.6)
Conventional 127 (81.9) 31 (68.9) 82 (86.3)
Oscillator 5(3.2) 4(8.9) 1(1.1)
Duration of Positive Pressure Ventilation (days), median (IQR) 58(29-11.7) 6.7 (3.5-15.1) 6.2 (29-11.7) 0.713
Vasopressors?, n (%) 52 (33.6) 15(33.3) 33(34.7) 0.870
ECMO, n (%) 11(7.1) 4(8.9) 7(74) 0.755
CRRT, n (%) 7 (4.5) 501.1) 2(2.1) 0.022
LOS PICU, median (IQR) 8 (4-15) 9(4-18) 9 (4-15) 0.871
LOS hospital median (IQR) 13 (8-23) 16 (9-30) 13(8-22) 0.135
Discharge Child Health Metrics
FSS at Discharge, median (IQR) 9(6-12) 10 (7-13) 9(6-12) 0.268
New Morbidity, n (%) 14 (9.0) 6(13.3) 8(84) 0.366
New Medical Device, n (%) 24(15.5) 10 (22.2) 14 (14.7) 0272
New Medical Equipment, n (%) 43 (27.7) 19 (42.2) 24 (25.3) 0.042
Follow-Up Characteristics
Total Number of Follow-up Appointments, median (IQR) 3(2-5) 5(3-6) 3(2-4) 0.003
Percentage Scheduled Prior to Discharge, median (IQR) 80% (40%-100%) 100% (40%-100%) 100 (100%-100%) <0.001

IQR interquartile range, FSS Functional status scale, score 6-30 with higher number indicative of worse function, ECMO Extracorporeal membrane oxygenation,
CRRT Continuous renal replacement therapy, PRISM-IIl Pediatric Risk of Mortality Version 3, PICU Pediatric intensive care unit

?Vasoactive medications include epinephrine, norepinephrine, vasopressin, dopamine, and milrinone

b p for comparison between groups non-adherent with follow-up and adherent with follow-up using Wilcoxon Rank Sum for continuous variables and chi-square for

categorical variable

follow-up (OR 0.74, 95% CI 0.60—0.91, p=0.005). Specifi-
cally, for each additional recommended unique appoint-
ment, the odds ratio of being fully adherent with follow-up
was 0.74. As the number of recommended appointments
after discharge increased from 1 to 10 appointments, the
multivariable model-generated predicted probability of

being fully adherent with follow-up decreased from 78 to
27% (Fig. 3a). Additionally, a higher percent of appoint-
ments scheduled before discharge was associated with
higher odds of being fully adherent with follow-up (OR
1.02, 95% CI 1.01-1.03, p=0.004). Specifically, for each
10% increase in the proportion of appointments scheduled
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Fig. 1 A Percent of appointments scheduled before discharge by appointment type (n=155 patients). B Percent of appointments attended

by appointment type (n= 140 patients)

before discharge, the odds of being fully adherent were
1.02. As the percentage of follow-up appointments sched-
uled before discharge increased from 0 to 100%, the mul-
tivariable model-generated predicted probability of being
fully adherent with follow-up increased from 35 to 39%
(Fig. 3b).

Discussion

Our study findings describe the hospitalization char-
acteristics, discharge child health metrics, and follow-
up characteristics associated with full adherence with

follow-up recommendations after pediatric critical ill-
ness for respiratory failure. Specifically, three quarters of
appointments were scheduled before discharge and only
68% of children were fully adherent or attended all rec-
ommended follow-up appointments at the quaternary
care center. Further, more patients were fully adherent
with primary care follow-up than specialty care follow-
up. We found in a multivariable model that as the number
of appointments recommended at discharge increased, a
child had lower odds of being fully adherent with recom-
mended appointments after discharge. In contrast, we
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Fig. 2 Percent of patients with full adherence with recommended follow-up appointment(s) for: all appointments (all primary care and specialty
care appointments), primary care appointments, specialty care appointments and the top four specialties (Pulmonary, Otolaryngology, Cardiology,
and Physical Therapy/Occupational Therapy) that patients were recommended to follow-up with, as identified in prior work using the same dataset

El

Table 2 Multivariable model of factors associated with being 100% compliant with follow-up after PICU admission for respiratory

failure
Odds Ratio 95% Confidence Interval P

Age 1.00 0.99-1.01 0.72
Gender

Female Reference

Male 048 0.19-1.17 0.108

PRISM-III calculated percent probability of death 1.01 0.97-1.04 0.712
Highest level of ventilatory support

Noninvasive Reference

Conventional 11.51 0.91-145.80 0.059

Oscillator 4.96 0.34-71.37 0.239
Receipt of CRRT 0.57 0.06-5.04 0615
LOS hospital in days 0.99 0.98-1.01 0.653
Receipt of new medical equipment 0.64 0.23-1.7 0.380
Number of Follow-up Appointments? 0.74 0.60-0.91 0.005
Percent (in 10% increments) of appointments scheduled prior 1.02 1.01-1.03 0.004

to discharge®

CRRT Continuous renal replacement therapy, PRISM-III Pediatric Risk of Mortality Version 3, PICU Pediatric intensive care unit, LOS Length of stay

2 e.g. for each additional appointment, the odds of being fully compliant with follow-up was 0.75)

b e.g. for each 10% increase in the percent of appointments scheduled before discharge, the odds of being fully compliant were 1.22
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found that as the percentage of appointments scheduled
prior to discharge increased, a child had higher odds
of being fully adherent with recommended follow-up
appointments. Other variables including demographics,
baseline and discharge child health metrics, or hospitali-
zation characteristics were not significantly associated
with follow-up full adherence.

Our findings and prior literature suggest that adher-
ence with follow-up after a PICU admission could be
improved by reducing potential systems-level barri-
ers to follow-up. One potential barrier to full adher-
ence with follow-up is the burden of having multiple

follow-up appointments [1, 19]. In our study, we found
that as the number of appointments recommended at
discharge increased, a child had a lower odds of being
fully adherent with follow-up. McPherson et al. [1] also
found that non-adherence with follow-up after a PICU
admission was associated with higher numbers of fol-
low-up appointments recommended at discharge. Spaw
et al. [19], found that children recommended to follow-
up with more than one department were less likely to
be fully adherent with follow-up appointments after a
traumatic brain injury admission. Another potential
barrier to full adherence with follow-up after a PICU
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admission is parents needing to schedule appointments
after discharge. Our study found that as the percentage
of appointments scheduled prior to discharge increased,
the child had higher odds of being fully adherent with
recommended follow-up appointments. McPherson et al.
[1] found that parents cited communication errors such
as difficulty with scheduling appointments and lack of
phone numbers for specialists as a reason for non-adher-
ence with PICU follow-up.

Our findings and prior literature suggest a structured
follow-up plan that engages system-level approaches
could help improve adherence with PICU follow-
up appointments. In the structured follow-up plan,
prior literature suggests six key areas to address when
planning and supporting parents to attend follow-
up appointments [23]. First, the team discharging the
child should limit to the extent possible the number of
follow-up appointments, given our findings and prior
literature that more follow-up appointments are asso-
ciated with less adherence [1, 19, 23]. Second, follow-
up appointments and any transportation assistance a
family needs for that appointment should be scheduled,
with family input on their availability, before discharge
[1, 23]. Third, multiple appointments should be sched-
uled for the same day or follow-up in a multidiscipli-
nary PICU follow-up clinic should be arranged. A PICU
multidisciplinary follow-up clinic would allow a child
to see multiple specialists on the same day [24-31]. The
utility of, and type of specialist needed for, a multidis-
ciplinary clinic could be informed by a prior analysis of
the dataset used in this current study [3]. In our prior
analysis, we found that the majority of patients (86.5%)
were referred to two or more follow-up appointments,
with a range of 1 to 10 follow-up appointments [3]. The
most common healthcare providers patients with res-
piratory failure were recommended to follow up with
were primary care (80%), pulmonology (52.9%), physi-
cal and occupational therapy (51.6%), otolaryngology
(26.5%), and cardiology (25.8%) [3]. Multidisciplinary
clinics in pediatrics have been shown to improve care
coordination, reduce medical travel time, improve
parental understanding of a child’s condition, improve
child health outcomes, and reduce ED visits [29-31].
Combining follow-up with multiple specialties may
reduce the burden of follow-up appointments on the
parents, as this reduces the number of days a parent
would miss work, and need sibling childcare and trans-
portation. Fourth, provide sibling childcare services in
specialty clinics, which reduces the burden on parents
to arrange sibling childcare for appointments. Fifth,
remind parents of appointments using text messages, as
this has been shown to increase attendance at follow-
up appointments [32]. Finally, work to engage primary
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care providers or care coordinators to monitor follow-
up attendance and help support parents [33]. Care
coordinators have been shown in multidisciplinary
clinics to improve adherence with attendance [34]. Cre-
ating a multidisciplinary approach that addresses sys-
tem-level solutions is a unique and innovative method
to help improve adherence with PICU follow-up.

This study has a few limitations. First, this is a single-
center study. Additionally, we were only able to capture
appointment adherence at the quaternary care center
and as such, do not have an assessment of adherence
with community-based follow up appointments. Fur-
ther, adherence rates could have been affected by reso-
lution of medical issues after discharge. For instance, a
patient could have been recommended to follow-up with
a specialist and then upon initial follow-up with their
primary care provider, the medical issue they needed to
see the specialist for could have resolved. In this study,
we chose to focus on hospitalization characteristics, dis-
charge child health metrics, and follow-up characteris-
tics. Further, our data collection methods, whereby after
data collection patient identifiers were destroyed, limited
our ability to collect additional variables after our initial
analysis. While the data presented in the manuscript fur-
thers our understanding of PICU follow-up adherence, a
more robust understanding of PICU follow-up requires
that future work include analysis of individual and fam-
ily-level variables, variables related to social determi-
nants of health, and additional variables on follow-up
appointment characteristics. Individual and family-level
variables that future work should explore include race,
ethnicity, English literacy, medical literacy, primary lan-
guage, parent work flexibility, and availability of childcare
[35]. Social determinants of health variables that future
work should analyze include socioeconomic status, hous-
ing and food security, financial security, and transpor-
tation access [35]. Additional follow-up appointment
variables that should be assessed in future work include
discharge destination (home vs rehabilitation facility),
the distance to the hospital, the median time from hos-
pital discharge to follow-up appointments, which spe-
cialty providers patients had previously seen, the timing
of follow-up after discharge, and how many subjects
missed just one appointment. While the data reported
in this manuscript are from 2013-2017, these findings
are an important step in understanding PICU follow-up
adherence. The last study that examined PICU follow-up
adherence was published in 2002 by McPherson et al. [1]
and this current study builds on this prior study. Future
studies on, and interventions for, PICU follow-up adher-
ence can build on the findings and limitations reported in
our study. Additional investigation into PICU follow-up
adherence is key to moving this area of research forward.
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Conclusions

After admission for acute respiratory failure, only
two-thirds of children were fully adherent with rec-
ommended follow-up at a quaternary care center. Our
findings suggest that limiting the recommended fol-
low-up to only key essential healthcare providers and
working to schedule as many appointments as possible
before discharge could improve follow-up adherence.
However, a better understanding of the factors that
lead to non-adherence with follow-up appointments
is needed to inform broader system-level approaches
could help improve PICU follow-up adherence.

Acknowledgements
Thank you to Allison Pace and Ron Dechert for their help in querying the
Virtual PICU System database.

Author’s contributions

LY, MP, and FO contributed to conceptualization, methodology, data collec-
tion, analysis, and manuscript original draft writing, review, and editing. KM
contributed to the analysis, and manuscript original draft writing, review, and
editing. All authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
The dataset supporting the conclusions of this article is available upon request
to the corresponding author (Lauren Yagiela, yagiellm@cmich.edu).

Declarations

Ethics approval and consent to participate

This study was approved by the institutional review board of the University of
Michigan Medical School in accordance with the Declaration of Helsinki (IRB
# HUMO00100246). Informed consent was waived by the institutional review
board of the University of Michigan Medical School as this was a retrospective
analysis of already existing data.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

"Division of Critical Care, Department of Pediatrics, Children’s Hospital of Mich-
igan, Detroit, MI, USA. 2Depar‘[ment of Pediatrics, Central Michigan University,
Mt. Pleasant, MI, USA. *Department of Pediatrics, Division of Pediatric Hospital
Medicine, University of Alabama at Birmingham, Children’s of Alabama,
Birmingham, AL, USA. “Department of Pediatrics and Child Health Evaluation
and Research Center, University of Michigan, Ann Arbor, MI, USA.

Received: 22 June 2023 Accepted: 17 June 2024
Published online: 26 June 2024

References

1. McPherson ML, Lairson DR, Smith EO, Brody BA, Jefferson LS. Noncom-
pliance with medical follow-up after pediatric intensive care. Pediatrics.
2002;109(6):€94.

2. Yagiela LM, Pfarr MA, Meert KL, Odetola FO. Posthospitalization follow-
up recommendations after pediatric critical illness due to respiratory
failure. Pediatr Pulmonol. 2021;56(6):1745-53.

20.

22.

23.

24.

Page 10 of 11

Yagiela LM, Barbaro RP, Quasney MW, Pfarr MA, Ursu DC, Prosser LA,
Odetola FO. Outcomes and Patterns of Healthcare Utilization After Hos-
pitalization for Pediatric Critical lliness Due to Respiratory Failure. Pediatr
Crit Care Med. 2019;20(2):120-7.

Pollack MM, Holubkov R, Funai T, Berger JT, Clark AE, Meert K, Berg RA,
Carcillo J, Wessel DL, Moler F, et al. Simultaneous Prediction of New
Morbidity, Mortality, and Survival Without New Morbidity From Pediatric
Intensive Care: A New Paradigm for Outcomes Assessment. Crit Care
Med. 2015;43(8):1699-709.

Farris RWD, Weiss NS, Zimmerman JJ. Functional Outcomes in Pediatric
Severe Sepsis: Further Analysis of the Researching Severe Sepsis and
Organ Dysfunction in Children: A Global Perspective Trial*. Pediatr Crit
Care Med. 2013;14(9):835.

Knoester H, Bronner MB, Bos AP. Surviving pediatric intensive care: physi-
cal outcome after 3 months. Intensive Care Med. 2008;34(6):1076-82.
Pinto NP, Rhinesmith EW, Kim T, Ladner PH, Pollack MM. Long-Term Func-
tion After Pediatric Critical lliness: Results From the Survivor Outcomes
Study. Pediatr Crit Care Med. 2017;18(3):e122-30.

Zimmerman JJ, Banks R, Berg RA, Zuppa A, Newth CJ, Wessel D, Pollack
MM, Meert KL, Hall MW, Quasney M, et al. Trajectory of Mortality and
Health-Related Quality of Life Morbidity Following Community-Acquired
Pediatric Septic Shock. Crit Care Med. 2020;48(3):329-37.

Colville GA, Pierce CM. Children’s self-reported quality of life after inten-
sive care treatment. Pediatr Crit Care Med. 2013;14(2):e85-92.

Bone MF, Feinglass JM, Goodman DM. Risk factors for acquiring functional
and cognitive disabilities during admission to a PICU*. Pediatr Crit Care
Med. 2014;15(7):640-8.

. Keim G, Watson RS, Thomas NJ, Yehya N. New Morbidity and Discharge

Disposition of Pediatric Acute Respiratory Distress Syndrome Survivors.
Crit Care Med. 2018;46(11):1731-8.

Colville G, Kerry S, Pierce C. Children’s factual and delusional memories of
intensive care. Am J Respir Crit Care Med. 2008;177(9):976-82.

Judge D, Nadel S, Vergnaud S, Garralda ME. Psychiatric adjustment fol-
lowing meningococcal disease treated on a PICU. Intensive Care Med.
2002;28(5):648-50.

Bronner MB, Knoester H, Bos AP, Last BF, Grootenhuis MA. Posttraumatic
stress disorder (PTSD) in children after paediatric intensive care treatment
compared to children who survived a major fire disaster. Child Adolesc
Psychiatry Ment Health. 2008;2(1):9.

Colville G, Pierce C. Patterns of post-traumatic stress symptoms in families
after paediatric intensive care. Intensive Care Med. 2012;38(9):1523-31.
Rees G, Gledhill J, Garralda ME, Nadel S. Psychiatric outcome following
paediatric intensive care unit (PICU) admission: a cohort study. Intensive
Care Med. 2004;30(8):1607-14.

Freire LM, Camponez PSP, Maciel IVL, Vieira CS, Bueno M, Duarte ED. Fac-
tors associated with non-adherence to outpatient follow-up of neonatal
intensive care discharge. Rev Esc Enferm USP. 2018,;52:¢03372.
Ogbemudia B, Raymond J, Hatcher LS, Vetor AN, Rouse T, Carroll AE, Bell
TM. Assessing outpatient follow-up care compliance, complications,

and sequelae in children hospitalized for isolated traumatic abdominal
injuries. J Pediatr Surg. 2019;54(8):1617-20.

Spaw AJ, Lundine JP, Johnson SA, Peng J, Wheeler KK, Shi J, Yang G,

Haley KJ, Groner JI, Xiang H. Follow-Up Care Adherence After Hospital
Discharge in Children With Traumatic Brain Injury. J Head Trauma Rehabil.
2018;33(3):E1-10.

Pollack MM, Holubkov R, Funai T, Clark A, Berger JT, Meert K, Newth CJ,
Shanley T, Moler F, Carcillo J, et al. Pediatric intensive care outcomes:
development of new morbidities during pediatric critical care. Pediatr
Crit Care Med. 2014;15(9):821-7.

. Feudtner C, Hays RM, Haynes G, Geyer JR, Neff JM, Koepsell TD. Deaths

attributed to pediatric complex chronic conditions: national trends and
implications for supportive care services. Pediatrics. 2001;107(6):E99.
Pollack MM, Patel KM, Ruttimann UE. PRISM IlI: an updated Pediatric Risk
of Mortality score. Crit Care Med. 1996;24(5):743-52.

Berry JG, Blaine K, Rogers J, McBride S, Schor E, Birmingham J, Schus-
ter MA, C Feudtner. A framework of pediatric hospital discharge

care informed by legislation, research, and practice. JAMA Pediatr.
2014,168(10):955-62.

Egerod |, Risom SS, Thomsen T, Storli SL, Eskerud RS, Holme AN, Samu-
elson KA. ICU-recovery in Scandinavia: a comparative study of intensive



Yagiela et al. BMC Pediatrics (2024) 24:409 Page 11 of 11

care follow-up in Denmark, Norway and Sweden. Intensive Crit Care Nurs.
2013;29(2):103-11.

25. Griffiths JA, Barber VS, Cuthbertson BH, Young JD. A national survey of
intensive care follow-up clinics. Anaesthesia. 2006;61(10):950-5.

26. Huggins EL, Bloom SL, Stollings JL, Camp M, Sevin CM, Jackson JC. A
Clinic Model: Post-Intensive Care Syndrome and Post-Intensive Care
Syndrome-Family. AACN Adv Crit Care. 2016;27(2):204-11.

27. Kjer CKW, Estrup S, Poulsen LM, Mathiesen O. Follow-up after intensive
care treatment: a questionnaire survey of intensive care aftercare in
Denmark. Acta Anaesthesiol Scand. 2017;61(8):925-34.

28. Prinjha S, Field K, Rowan K. What patients think about ICU follow-up
services: a qualitative study. Crit Care. 2009;13(2):R46.

29. Aldana PR, Wood DL, Postlethwait RA, James HE. Initiating, developing
and evaluating a comprehensive spinal defects clinic: a clinical report.
Pediatr Neurosurg. 2010;46(5):329-34.

30. Stanger JD, Oliveira C, Blackmore C, Avitzur Y, Wales PW. The impact of
multi-disciplinary intestinal rehabilitation programs on the outcome of
pediatric patients with intestinal failure: a systematic review and meta-
analysis. J Pediatr Surg. 2013;48(5):983-92.

31. Volner K, Montgomery AS, Gould C, Lustik M, Liming B. Aerodigestive
clinic reduces emergency department and primary care utilization and
increases access to ancillary and specialty care. Int J Pediatr Otorhi-
nolaryngol. 2022;154:111059.

32. Gurol-Urganci |, de Jongh T, Vodopivec-Jamsek K, Atun R, Car J. Mobile
phone messaging reminders for attendance at healthcare appointments.
Cochrane Database Syst Rev. 2013;13(12):CD007458.

33, Committee. MHIfCWSNPA: The medical home. Pediatrics. 2002;110(1 Pt
1):184-6.

34. Mclaughlin MJ, Modrcin AC, Hickman TP, Hoffman M. Determining the
impact of a clinic coordinator on patient access and clinic efficiency in a
pediatric multidisciplinary spina bifida clinic using medical informatics. J
Pediatr Rehabil Med. 2021;14(4):661-6.

35. Healthy People 2030. Healthy People 2030, U.S. Department of Health
and Human Services, Office of Disease Prevention and Health Promotion.
Retrieved 12/18/23, from https://health.gov/healthypeople/objectives-
and-data/social-determinants-health.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://health.gov/healthypeople/objectives-and-data/social-determinants-health
https://health.gov/healthypeople/objectives-and-data/social-determinants-health

	Adherence with post-hospitalization follow-up after pediatric critical illness due to respiratory failure
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design and setting

	Inclusion  exclusion criteria and data collection
	Study variables
	Statistical analysis
	Results
	Admission health, hospitalization characteristics, discharge health

	Post-hospitalization follow-up
	Factors associated with full adherence with follow-up appointments
	Discussion
	Conclusions
	Acknowledgements
	References


